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C. TYPES OF USDERGROUSD 
.i , STORAGE TANGS 

.- *' a. . Bare ccctl pnlrs c o n s ~ c t c d  of mild carbon steel 
&-: .may be used in mncomJsive soil environments to store 

m-comive mmUials. such as gasoline and other pe- 
vaiw products. The cumpatibllity of steel 

with various pcoolcum and chemical products is dis- 
:wwd in Paz~ 1 and Appndix B. The degrec of en- 

paclion provided by bare slecl tanks is 
minimal m d  m r q l K m l y  their usc has declined in re- 

Mtc eb.1 mrny bsrr steel tanks have a thin 
surface d n g  b pmkct..grinst run. This is c~sen- 
lhlly .a e &g. @d shonld not be confused 

-.with more udmmtm ' I cormion proreoion coatings. 
.. Dclrrp 8brludr Ihc aplcitics. dimensions and 
dmrmnimr dads fm b e  s t d  tmks gmmlly f o h v  

l&lmorks(UL) I=.: . 

- . _  

'a&lirhed nmd.b. Iku includc dr following: 

58 - Steel U&gmnd Tanks for Flamma- 
Me and h i b k  Liqvidr [SI. 

NFPA u) - jlommbfe and rrmbusribh Liquids 
Nuioall firc Rocraion AsMciarion (NFPA): 

. Code[19]. . . . 
- Amrian Rbdcum l n s h t e  (API): 

API F u W i n  1602 - Recommended Srandard 
*; for U- Gasoline Tan& [Zl]. :.:.. API Publiition 16! I .- Senire Smtion Tankage +: .-., 
:-. .. . 

API W i t i o n  I615 -'/nstdlation of Under- 
i -, '> ground Pcndcvnr Storage Sysrcms [I]. 

A ~ u ~ r k a n  Society of Mechanical Engineers: 
fr ...- ASMURacure Vusel Codc. Section VIIu[I4]. 

Of k s c  s a d u d s .  the Undenuritm Laboratories 
k . u ~ d r r d s  ate c h ~  moa d~tai~ed in c h ~  they specify 
.- . mrny of the tank design details. -re include steel +.I mikncrr.* tank bcd design. bracing requirements for 

P:. .,' multi-eompuarnt tanks. h e  sizes of vent connections. 
$$.+ad tank mnting m d  testing qui-u. 

The American Society of Mccbanical Engineers ri. , 
.- .< -. -Rerrure V e a l  codc may be used for storage tanks in- 

of hori.Eontal. Amosphcric-typc .jrr,-. _.*:. The 
: X 2  ncCl lak, of Vaiars  capcities as reawnmended in UL . i. 
I. - 58 a11: rhown in =le 2.1-2. This scadard also ?om 

Ii i ' - :mnds .. dut tk bgth of Iht mk be m more than six 
S=:' . .  times its dmmcrcr b]. As a source of r fmnce ,  the ca- 
"-.'-pCifypr .._ foot uf kngh for tanks having diameters of 
- ' UtoWinchghgivenmTable2.1-3. 

bls.ua d Udmgmund Steel Tanks. '. S~UIIXS of mfmrvriofi and rsommenaions of installa- 
)-.. tion pmicU for radngrand stomge m k s  include API 
:' . _  .. --~'publmtbn 1615 [I]. NFPA 30 1191 and che New York 
-.-I State Dcprtmnr d Environmental (lmervation (NYS- 

1 nunual -ng rwd.rds of ?ractCe for bulk 

. .  
Guide (201. 0 .. .. - ~... . 

.-2 i 

I.: -._ ~ ... .. . .. . 

I .. .. .. - 
I .. 
j _ r  

- 
.> -. .__-_ ._ 

tended for -1 acrvicc. I .. 
.. . 

.. . .  

, .. . . .  . . .  : ... . e. 
>:. . . 

storage of hazardous liquids [30]. Most manufacturers 
supply ttep-by-step procedures for tank installation and 
require that these steps be followed to validate the 
guarantees and warrantees. 

The installdtion recommendations given in the API 
publication identify tank clearance, depth of excavation. 
and anchoring and backfilling requirements. Examples 
of the recommendations given in API Publication 1615 
include the following: 

*At least 6 inches and pkferably I? inches of well- 
compacted sand or gravel placed underneath the 
lank. 

*A minimum tank clearance of I 2  inches in all 
horizontal directions. 

*In areas nol subject to traffic, the cover depth 
shouid be a minimum of 24 inches, or not less 
than I ?  inches plus a reinforced concrete slab MU 
less than 4 inches in thiekness. 

*Where tanks mt subject to tmffg; wvn deph 
should be a minimum of 36 inches, or not less 
than 18 inches of well-tamped material plus at 

. least 6 inches of reinfomd concrete or 8 inches 
of asphaltic concrete. 

It should be ncced that the burial depth of a tank 
is dependent upon several factors, including local regu- 
lations. the type of finished surface to be applied, foil 
conditions, topography. and suction pumping lift re 
quirement [I]. 

The recommendations of NFPA 30 concur with 
those of API Publication 1615. with the addition that 
steel underground tanks shall be set on firm foundations 
and surrounded with at least 6 inches of noncorrosive 
inert material, such as clean sand or gravel. well- 
tamped in plsce 1191. 

The backfill for steel tanks is typically a.clean. 
noncorrosive. porous material such as clean washed 
sand or gravel. Backfilling operations arc very impor- 
tant to the life of the installation. It is imponant t h a  the 
backfill be well compacted to avoid undue stressss on 
the tank. Application and compaction of the backfill in 
layers i s  often specified to chicvc optimum compaction 
(eliminate voids in the backfill). 
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FOREWORD 

The prevention and detection of product 1eak:ige from petroleum storage and dispens- 
ing systems is imponant to both industy and thc public This recornmendud practice is 
offered as a guide for voluntary use by architects. enpincers, nurbeters, jobbers. and con- 
tractors in the design. use. and maintenance of such systems. 
Federal. state, and municipal codR or laws may have specific restrictions or requircmwts 

that must bc taken into account prior to the installation of underground tmks and piping. 
The Amencan Petroleum Institute lakes M position as towhether m y  procedure, m e W .  

device, or product mentioned in this publication is covered by existing patent or copyright 
or as to the validity of such coverage. The publication does not grant the right. b} impli- 
cation or otherwise, to manufacture. sell. or u v  such procedures. methods. devices. or 
products so covered nor does it inwre an)onl: agam\t liabilit) for infringement of such 
patents 0, :-opyrights. 

This publication is araildbic tor general we hy those intcreited. but the Anvrican 
Pktroleum lnaitute shall not be rc\pvnsiblc or liable in an) way for loss or dmage resulting 
from such use or for the violation of any fcdeml. state. or municipal regulation \%ith rbhich 
it may cmflict. 
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Recommended Practice for Underground Petroleum Product Storage 
Systems at Marketing and Distribution Facilities 

1-GENERAL 

1.1 Scope 
This recommended practice describes measures necessary 

to prevent and detect leaks. from underground petroleum 
product storage wnk systems, as defined in 2. I ,  at marketing 
and distribution facilities. as defined in 2.2. 

1.2 General Provisions 
1.2.1 This recommended practice applies to underground 
petroleum product storage tank systems at marketing and 

distribution facilities, except fuel oil containers of less than 
1100 gallons capacity connected to burning equipment and 
underground sto~age tanlcr for liquefied petroleum or mural 
gases. 

1.2.2 In particular installations. the probisions of this 
recommended practice may be altered at the discretion of 
the authority having jurisdiction a k r  Consideration of special 
features. such as, topographical conditions. bmicades. walk. 
water tables, soil conditions. and proximity to buildings and 
adjoining property. 

2-DEFINITIONS 

2.1 Underground Petroleum Product 2.5 Flammable Liquid 
Storage Tank Systems AJlammable liquid is a liquid having a flash point below 

100°F (37.8'0 and having a vapor pressure not exceeding 
40 pounds per sgwre inch absolute at 100°F (37.8"C) and 
shall be known as a Class I liquid. 

Undergroundperrafeump~uct storage tanksystems are 
tanks torally buried underground and the related system com- 
posed of storage tank(s). product linc(s) to dispensing 
pumpts). writ Iine(s). tank fill line(s). dispensing pump(s). 
dispensers(\), and appurtenances for the storage or dispens- 
ing of ptroleurn products. This recommended practice does 
not apply to aboveground storage tanks that are paItia1ly 
buried or below grade. which are in compliance with other 
fire and safety codes, or are excluded in 1.2.1. 

2.2 Marketing and Distribution Facilities 
hfarketing and distribution faciliries are retail. commer- 

cia]. and private facilities that store and dispense flammable 
or combustible liquids to consumers. This recommended 
practice does nut apply to distribution ,centers with 
aho\eground tankage or to product pipelines. both of which 
are covered by other standards. 

2.3 Authority Having Jurisdiction 
Airrlrorrn haling jurisdiction shall mean the uriynization. 

office. or individual rebponcihle for approving equipment. 
incrallation\. or procedures. 

2.6 Listed 
Listed shall mean equipment or mzterials included in a list 

published by a nationally recognized testing laboratory. 
inspection agency, or other organization concerned with 
product evaluation that maintains periodic inspection of the 
production of listed equipment or materials and whose lirting 
states either that the equipment or mteria! meets nationally 
recognized standards or has been tested and found suitable 
for use in a specified msnner. 

2.7 Operator 
The operator is the lessee or person(s) in control of and 

hasing rcsponribility for the daily operation of the tcility 
for the storage. use. or dispensing of flammahlc and com- 
bustible liquidr. 

2.8 Owner 
The owner is the pi.rson(s) who owns the t:ink storage 

system used for the storage. use. or dispensing of flamniablu 

2.4 Combustible Liquid 
A CO?PihUtilJh liquid is a liquid having a flash point at or 

above 100°F (37.8'C). . - and comhuhtihle liquid\. 

c 
1 



2 API RECOMMENDED PRACTICE 1635 

6 2.9 Product Line Leak Detector 2.12 Product Handling System. 
A prdircr line l e d  diwcror is a device used to detect prod- 

uct or pressure losses in a pressurized product line or a 
remote pumping syhtem. 

A produahandling system is a system composed of storage 
tmk(s). product line(s). vent line(& tank ffl Iine(s). pumP(5). 
dispenser(s), and other apppumces for the storage. use. 
or dispensing of flammable or combustible liquids. 

2.10 Remote Pumping System. 
A remore pumping system is a pressurized product line 

s)stem in which flammable or combustible liquids are sup- 
plied to a point(s) away from the fank(s) by m a n s  of a pump 
ing unit(s) in or on the storage rank(s). 

2.1 1 Suction Product System 
A sucrion prdircr sysrem is a nonpressurized product line 

system in uhich flammable or combustible liquids are re- 
mated from the storage tank(s) by means of a pumping 
unit(s) located at a point(s) away from the storage lank(5). 

I 

2.13 Observation Well 
An observorion well is a dug or drilled. cased well that 

can be used for delfaing the presence of flynmable or com- 
bustible liquids and is drilled to a deph of approximately 
24 inches below the tank bottom. 

2.14 Secondary Containment 
Secondaty conrainment is an impervious barrier installed 

so that any volume of mtenal leaked from the storage system 
is prevented from reaching the lands andlor water outside 
the impervious barrier for the anticipated period of time 
necessary to detect and recover the spilled material. 

3-PREVENTION 

3.1 Selecting and Installing Underground 

3.1.1 NEW FACILITIES 

3.1.1.1 ~~~k~ shall be designed and built using noncor- 
rosive’material or cathodically protected sieel. 

3.te1.2 A steel as descr,bed in 3,1.1.1 shall be 
cathodically protected b j  an impresscd current cathodic pro- 

by at lcast 3 f m  of backfill. 18 inches of uell-tamped backfill . 
plus 6 inches of reinforced concrete or 8 inches of asphalt 
paving. When asphalt or reinforced concrcte paving is used 
as part of the protection. it shall extend at least I foor horizon- 
tally beyond the outline of the tank in all directions. 

3.1.1.5 Nonmetallic underground tanks shall be installed 
in accordance with the manufacturer’s instructions. The 
minimum depth of cover shall be as specified in 3.1.1.4. 

a Tanks 

tection system. sacrificial anodes. or some other t)pe of 
e q u i ~ h t  protection If a cathodic protection system is used. 
it shall be maintained in accordance with 412.2 5 .  

3.1.1.3 Cathdically protected steel or approveJ noncor- 
rnsixe coated steel underground tanks shall be set on a firm 
b 3 ~  anJ surrounded with at least I2 inches of noncorrosive 
inen niaterid. such as clean sand or gravel. uell tamped in 

place. The m k s  shall he placed in the hole uith care. Drop- 
ping or rolling the tank into the hole can break Melds. punc- 
ture or dmuge the tank, scrape off the protectiw coating 
of cwted tanks. o r  damage attached cathodic protection. 

3.1.1.4 CathoJisally pn,txted steel or appro\ed noncor- 
msi\e ccoreJ steel underground tanks shall be covered with 
a niininium of 2 feet uf \and or shall be cowred with not 
less than I foot of sand on top of Hhich shall be placed a 
4:ih of reinforced concrete not IC% than J inches thick. When 
tank5 are. or are Iikel) to be. subjected to traffic. they shall 
he priiteoted from dJmage from whicles passing over theni 

3.1.1.6 The entire installation shall comply with the latest 
requirements of the National Fire Protection Assofiation 
(NFPAS 30. Flammable and Combusrble Liquids Code. or 
the International Conference of Building Officials’ Uniform 
Fire Code. as applicable. 

3.1.1.7 All temporary supports must be removed prior to 
final backfilling’. 

3.1.2 EXISTING FACILITIES. 

3.1.2.1 If it is necessary to replace or coat the interior of 
an underground steel tank hat developed a corrosion-induced 
leak. consideration should be given to coating the interior 
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or replacing all other steel tanks at the facility whether or 
not they are leaking. Replacement tanks should meet the 
requirements of 3. I .  1. I through 3.1.1 .I .  If the interior of 
an underground steel tank is being coated and the soil 
resistirit) is less than 1O.OOO ohms per centimeter, the tank 
should be provided with cathodic protection. 

3.1.2.2 Determinations to replace unprotected steel tanks 
should be bawd on specific site and soil conditions. 

3.1 2.3 Tanks constMed of corrosion-rrsirtpnt nmerials. 
cathodically protected steel r;mkr. or  noncorrosive coated 
steel tanks need not be replaced based on arbivary factors, 
such as age. alone. 

3.1 2.4 Cathodic protection systems for steel tanks should 
be monitored sufficiently to ensure mat continuous protec- 
tion is beins provided as prescribed by the designer or the 
manufacturer or both. 

3.1.2.5 Tanks to be abandoned or removed should be 
handled in accordance with API Recommended Practice 
1601. 

3.2 Piping 
3.2.1 NEW FACILITIES 

3.2.1.1 All underground piping shall be approved 
nonmetallic p i p  or cathodically protected Schedule Jo steel 
p ip .  If a cathodic protection system is used, it shall be main- 
hined in zcccordance \kith 4.2.2.5. 

3.2.1.2 Product lines shall be installed in a single trench 
krueen the tmk area and fhe pump island. Similarly. under- 
ground vent lines shall be installed in a single trench. If 
secondar) containment is provided, all lines should slop 
towards the rank area. 

3.2.1.3 Before underground piping is installed. the trench 
shall receive as a minimum a 6-inch deep bed of well com- 
pacted noncorrosire material such as clean. washed sand or 
gravel. All trenches shall be wide enough to permit at least 
6 ipches of noncorrosive backfill material around all lines. 

3.2.1.4 All piping shall be tested according to the require- 
ments of 4 2 1.1. 

3.2.1.5 All temporary supports must be removed prior to 
final bdcLfilling. 

3.2.2 EXISTING FACILITIES 

3.2.2.1 Replacement of underground piping shall bc done 
in accordance with 3.2 1. 
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3.2.2.2 Repair of underground piping shall be done in 
accordance with generally acceptcd industry practice. 

3.3 Pumping Systems b 
3.3.1 NEW FACILITIES 

3.3.1.1 Remote pumping systems M l  be designed or 
quipped so that no pan of the system will be subjected to 
pressures'above allowable working pressures. 

3.3.1.2 All new remote pumping system$ shall be quipped . 
with a product line leak delenor. Lmk detectors shall be 
tested in accordance with 4.2.1.3. 

3.3.1.3 For remote pumping systems, a listed. rigidly 
anchored emergency shutoff valve, incorporating a fusible 
link or other thermally actuated device, designed to close 
automatically in the event of a severe impact or exposure 
IO tire, shall be properly installed in the supply line at the ' 
bye of each individual island-type dispenser. The automatic 
closing fenturn of this valve shall be checked at the time of 
initial insultation and at least once a year thereafter by. 
manually tripping the hold-open linkage. 

3.3.1.4 Conventional suction systems may be used. 

3.3.1.5 The operator shall advise the owner immediately 
should a leak detemr signal a suspected product loss or a 
suction product system indicate a symptom of a potential leak 
[that is, a meter display jumping or skipping. liquid not be- 
ing pumped when a pump is cm, initial pump overspeed fol- 
lowed by slow pumping. erratic liquid flow (indicating an 
air and liquid mixture). continued loss of prime in the pump- 
ing unit, or ofhenl. In no event shall the opcmor or his 
employees tamper sith 'the leak detector. 

3.3.1.6 When advised of il suspected leak by the operator.'.' 
the owner shall take immediate action to verify the opera- 
tion of the pumping system. Should a loss be detemiined, 
the owner shall take immediate correcthe action. Thc 
affected pumping sjstcm shall be taken out of service until 
the necessa~y corrective action has been taken. 

. 

3.3.2 EXiSTlNG FACILITIES 

3.3.2.1 It is recommendzd that existing remote pumping 
systems be equipped uith product line leak detsctors. Leak 
detectors shall be tested in accordance with 4.2 2 6. 

3.3.2.2 A hstecl. rigidly anchored emergency shutoff wlw. 
incorporating a fusible link or othcr Ihcrm~lly actuatcd 
devicc. designed to clox automatically in the cwnt of a 
severe inipact or cxpowre to fire. shall he pnqxrl) tn~talled 
In a remote pumping systcm supply line at thc h d . ~  of each 

- 
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indiridual island-type dispenser. The automatic closing 
fcature of this valve shall be checked at the time of initial 
installation and at lev1 once a year thereafter by manwlly 
tripping the hold-opcn linkage. 

3.3.2.3 The operator shall immditely advise the owner 
should a leak detector signal a suspected product loss or a 
suction product system indicate a symptom of a potential leak 
[that is. a meter display jumping or skipping. liquid not be- 
ing pumped when a pump is on, initial pump overs@ fol- 
lowed by slow pumping. untie liquid flow (indicating an 

air and liquid mixture), continued loss of prime in the pump 
ing unit, and others]. In no event shall the openlor or his 
employees tamper with the leak detector. 

3.3.2.4 H%m advised of a suspected leakby the operator. 
the owner shall take immediate action to verify the ope"- 
tion of the pumping system. Should a loss be determined. 
the owner shall take immediate corrective action. The af- 
fected pumping system shall be taken out of service until the 
necessary corrective action has been taken. 

4-DETECTION 

4.1 Inventory Control for New and Exwing 4. I .6.8 shall be taken in an expeditious manner when daily 
inventory records indicate an abnormal loss. Underground Facilities 

4.1.1 Accurate daily inventory records shall be maintained 
and reconciled on all flammable and combustible under- 
ground liquid srorage tyllrr for i nd idon  of possible leakage 
from tanks or pipins. The records shall be made available 
for inspection by the enforcing authority and shall include, 
as a minimum, records showing by product. daiiy reconcilia- 
tion between sales. use. receipts. and inventory on hand. If 
thew is more than one system consisting of a tank(s). serv- 
ing pump(s). or dispenser(s) for any product, the reconcilia- 
tion shdll be maintained separately for each tank system. 

4.1.2 Daily inventory shall bc maintained by the operator 
for each tyrk sywm at each location. The inventory records 
for the immediately pnccdig  12 months shall be kept at the 
premises. 

4.1.3 Inventory shall be based on the acnral daily measure- 
ment and recording of mnk produc~ and w@er levels and the 
daily recording of acNat sales, use. and d p t s .  Daily mea- 
surements shall be made by gage or gage stick or by readout 
from an automated gaging system. The inventory records 
shall include a daily computation of gain or loss. The mere 
recording of pump meter readings and product delivery 
reccipts shall not consistitute adequate inventory records. 

4.1.6.1 The inventory records shall be c k k e d  for error. 

4.1.6.2 If no error in inventory records is apparent. an inde- 
pendent calculation of apparent loss shall be made by a 
qualified penon starting from a point in time where the 
records indicate a no-loss condition. 

4.1.6.3 Ifthestepdescribcd in4.1.6.2confirmsanapprent 
loss, the readiiy accessible physical facilities on the premises 
shall be inspected carefully for evidence of leakage. 

4.1.6.4 If the step described in 4.1.6.3 does no( disclose 
a leak, the dispensers used with the particular product 
involved with the apparent loss shall be checked for calibra- 
tion. The drain p!ugs within the dispenser should be seaW 
by drilling holes in plug protrusions and inserting wire lead 
seals. Fill pipe openings should be locked fo prevent unau- 
thorized product removal. 

4.1.6.5 If the steps described in 4.1.6.1 through 4.1.6.4 
do not explain the apparent loss and the regulatory report- 
ing or testing requirements are not known. the situation shall 
be reported promptly fo !be authority having jurisdiction. 

4.1.6.6 If the S I ~ S  described in 4.1.6.1 through 4.1.6.5 - 
4.1.4 The operator of the location shall be responsible for 
notifying thc owner or prson(s) in control of the facility to 

do not explain the kss and if the piping system can be tested 
without excavation, the piping system bemeen the storage 

take action to correct any abnormal loss or gain not explained 
by spills. tcmpcraturc variations, or other causes. 

4.1 .S Failure IO maintain inventory procedures and records 
as indicated in 4.1.1 through 4.1.4 may result in penalties 

tank and the dispenser(s) shall be tested in accordance with 
4.2.1.1 for new facilities or 4.2.2.4 for existing facilities. 
If it is necessary to excavate to perform a piping lest. such 
a test shall bc conducted after a storage tank tcsl has been 
performed in accordance with 4.1.6.7. 

by enforcing authorilies. 

4.1.6 As a minimum. the steps described i n 4  I .6 I through 
4.1.6.7 If the step described in 4. I .6.6 docs nu( diw1o.e 
a leak. the storage tank(s) shall be tested for tightness in - 
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accordance with NFPA 329. Underground L-akage of F h -  
mablz and Conrhustible Liquidr. 

4.1.6.8 If the steps described in 4.1.6.1 through 4.1.6.7 
do not confirm the apparent loss, the daily inventory shall 
be continued with a daily independent verification by a 
qualified prrson. Additional surve i lhe  of the facility should 
be engaged to ensure against unauthorized removal of 
product. 

4.1.7 Daily inventory need no( be maintained on those days 
that an installation is MI in opefation. When the facility is 
not in operation. the daily inventory may be waived for 
periods not to e x d  I5 days. 

4.2 Testing 
4.2.1 NEW FACILITIES 

4.2.1.1 MI piping.shall be installed according to the 
manuf3cturer's recommendations. Before being covered, 
enclosed. or placed in use, the piping shall be hydrostatically 
tehted to I50 percent of the maximum anticipated pressure 
of the system or pneumatically tested to 100 percent of the 
mnimum antlcipated pressure of the system. but not less 
th3n 50 pounds pcr square inch gage at the highest point of 
the sjstem. If a pneumatic test is performed, all joints and 
connections shall be sprayed with a soap solution, and the 
test shdl  be maintained for a time sufficient to complete 
\ isu.tl insprction of all joints and connections. but not less 
thdn 10 minute>. 

4.2.1.2 New underground tanks shall be tested for tightness 
h? drost;ltically or with air pressure at not less than 3 pounds 
per square inch and not more than 5 pounds per square inch 
afer  installation but before being covered or placed in use. 

SIITE .4xr pressure tcsii shall nni hc conJucid afrer pimlcum product 
has k n  plrcd m rhe UnL 

4.2.1.3 Product line leak detectors shall be tested fur proper 
operation before the remote pumping system is used aher 
initisl installation. 

4.2.2 EXISTING FACILITIES 

4.2.2.1 The auihorit) having jurisdiction m3y require the 
opermr of a11 undcrground storage system to test the system 
ior iightners. at the oper~tcir's expmse. when accurate daily 
in\entvry recordr have not been maintained as specified in 
4.1 2 

4.2.2.2 The duthorny having jundictiun may rcquire the 
tnvner of an underground rank storage system to tcst the 
sy\tr.m fur tightncss at the owner's expeme when imentory 

records reveal an unexplained loss as specified in 4. I .4 or 
when flammable or combustible liquids or their vapors have 
been detected in neighboring structures. sewers, wells, or 
other on- or off-property location. 

4.2.2.3 Product tanks shall not be pressure tested with air. 

4.2.2.4 Piping tests as required in 4.2.2. I and 4.2.2.2 shall 
be by a pipeline test with liquid as specified in NFPA 329. 
Underground Lcaknge of Flommeblc and Combutible 
Liquids. 

4.2.2.5 If a cathodic-proleftion system is instaUed, an 
ongoing preventive maintenance pmgmm shall be used. 
Where sacrificial anodes have bum inwlled. their proper 
operation shall be confirmed by a qualified person within 
6 to 12 months of installation and 1 year thereafter. If these 
tests confirm proper operation. subsequent inspection inter- 
vals can be extended to 5 years. However, if underground 
work is pelformed at a protected site, cathodic protection 
should tc remonitored 6 to 12 weeks aher work is complncd 
and 1 year thereafter beforq again extending the inspection 
interval. If an impressed cumnt calhodic-protection system 
is installed, the operator shall verify. at least once a month. 
that it is operating, and a qualified person shall conduct an 
on-site test and inspection, at least once a year, to measure. 
the structure-tusoil and stmcture-to-structure potentials and 
the rectifier voltage and current output. 

4.2.2.6 Product l i e  leak detectors shall be t e e d  for proper 
operation on an annul  basis. 

4.3 Observation Wells 
4.3.1 NEW FACILITIES 

4.3.1.1 When more than one tank is installed. observation 
wells. a minimum of 2 inches in diameter. are rwonunendd 
for installation at two cornen within tank hole excavations. 
If only one tank is installed. an observation well should be 
installed near each end of the tank. 

NOTE: Obscrvatmn wells s h l d  k adequnely himiifid in r rod  confu- 
smn with p r a l ~  611 opnings 

4.3.1.2 Observation wells shall be installed to a depth of 
24 inches below the tank bottom or to thc top of the con- 
crete slab. if USA for anchoring. 

4.3.1.3 Ohrervaticm wells shall be inswllLd with a p i p  sec- 
tion having 0.020-inch maximum slots with the slots extend- 
ing to within approximately 12 inches of grade. This'uill 
allow detection of product leak\ on a fluctuating water tablc 
and will eliminate well plugging under mobt soil condition>; 
blank well piping should extend the remaiiider of  the distance - 
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to grade. Ohservation wells should be capped and protected 4.4.1.2 Secondary containment should be enpineered for 
specific site conditions using the bed current engineering 
practicer and petroleum-resistant materials. 

(" 
from traffic with a manhole and cover.. 

, 

4.3.1.4 With secondary conIainment. only one observation 
well is required. This well should extend to within approxi- 
mdtely 6 inchus of the bonum of containment material and 
have pipe with 0.020-inch slots to 24 inches above the 

. designed aater level within the containment system. 

4.3.2 EXISTING FACILITIES 

4.3.2.1 Observation wells should not be arbitrarily required 
for existing tank installations. 

4.3.2.2 Ob~ervation wells may be required where inven- 
tory controls are not maintained as recommended and a local 
authority required them as a result of a suspected tank failure 
or leakage. 

4.3.2.3 Observation wells may be required where a high 
environmental risk exists as a result of the presence of sole- 
source aquifers or water reservoirs. 

4.3.2.4 Observation wells, when required, should be 
installed in accordance with 4.3.1.1 through 4.3.1.3. 

4.4 Secondary Containment , .  

4.4.1, NEW FACILITIES 

4.4.1.1 Secondary containment is recommended for new 
installations u hen sole-wurce aquifers are determined to need 
such protectioii or grounduater below the facility is within 
the cone of influence of municipd water wells. Where private 
potable water wclls are within a minimum of 300 feet of a 
lank installation or hydrogeological conditions indicate that 
8 potable uater %ell could be contaminated by a tank leak. 
secondary containment is recommended. I 

4.4.1.3 Secondary containment for locations with water 
table elevations normally within the tank hole excavation 
should consist of an imp&ious barrier on the tank excava- 
tion walls. Ihe M o m  should nor be enclosed with the impcr- 
vious barrier because the water table will allow detection of 
any petroleum pmduct leak via the observation well. 

4.4.1.4 Where the water table is below the tank hole exca- 
vation, secondary containment may be accomplished by lin- 
ing the tank hole. The secondary containment should be con- 
structed to maintain a water depth to the top of the tanks and 
then allow excess water buildup to be discharged from the 
bottom of h e  containment area via overflow piping or other 
similar system. Any leaking tanks shall be readily detected 
by daily inventory control because the rank will be taking 
on water. Were feasible, the ovefflow water should be 
allowed IO discharge into the ground outside the conrainment 
area, IO a dry well. or 10 a storm drain or sanitaq se-er. 
as appropriate. 

4.4.1.5 Where required for new tank installations. Kcon: 
dary conmunent is recommended under all underground p ip  
ing connected to the tank(s). The piping secondary contain- 
ment shall provide for the collection and detection of any 
piping leak. 

4.4.2 EXISTING FACILITIES 

The technology for installing secondary containment for 
existing tanks, while they remain in place. is not sufficiently 
reliable or effective to be reconimended or required. 
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The folkwing s!:ps, as a m:,imw?, sf?;:ti.l c: : *kcn 
in cn cKped;:ims m'?ncr when . E y  inventurj' records 
idicstr exc?sive s!:?c'c loss: 

1. The re:ords d ;arentcry. receipts, and di;p?h: 
should be cix-Led for errar. 

2. If no emr  is 3?prent, 2n iaddepeodtnt cslcu!doa 
of -?pxec: !CI;; shauid be mc;d?: by ii q x ! i f i d  
person s:artir.; from a p i n t  in !ixc wlierc ::x 
rcmrds ir>icz*c a n ' 3 - h ~  coa2i:ion. 

3. If stc? 2 confirms en a p p e n t  !os, tt.:: r&:dily 
accessibk physixJ faeilitizs on the prcmiirs sl.ould 
be csr;fully inspected for e*iJence 0: le~l..1gi7 a d  
those respj~~siMz for the meintmance of the cyip 
nuct should be notified immediately. 

4. If step 3 dncs rgot disclose a I&, the dispcs;r< 
used v:th the pdrticular product invoired with :bc 
appxe,:t loss Sh%!d be cd%iriitd. 
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I .  i l  Storage Tanks 

. ' .  
~ Recommended. Practice for the Interior Lining of Existing Steel Underground 

! 

3.0 Coating (Lining) Specifications 
Thi\ publication recommends nimimum rcqui:cmcn:> for 

the iiilcrior lining of existing btccl underground ranks UXJ 
for the storage of pctro!cum-based niotor fuels and middle 
distilldlcs. In gcncral. it outlines rcquircincnt\. proccdurcs 
and operiling conditions to be followed by coniractors. nie- 
chanics and engineers. Methods .for gas-freeing tanks. rc- 
moviiig sediment and cleaning intcrior surfaces of stcel tanks 
arc also included. All work must bc accomplished in a+ 
cordance with the applicablc federal. S131C and local re- 
quircments a?r wcll as acccptcd safely standards. 

The interior lining procesr can be used to repair ccrtain 
corroded ranks or to protect underground steel tanks from 
internal corrosion. The lining itself is not intended to rcplxe 
the structural strength providcd by the steel tank shell or 
prcveiit futuri cxlcrnal corrosion. 

. . 

2.0 Permitting and Training 
I Whcrc required. contractors must be approved by local 

authorities and all applicable permits must be obaincd prior 
to beginning any work. Contractors should cenify to the 
owner that employees and subcontractors responsible for 
lank lining have been tnincd in the following: (a) the han- 
dling and disposal of tetracthyl lead and its by-products; (b) 
the u\e of equipmcnl and procedures for testing and gas- 
freciiig ranks: (c) all applicable safcty rules and regu!ations; 
and (d) the application and handling of the tank lining ma- 

In addition. contractors should ccnify that his employees 
. terial. 

and subcontractors arc knowlcdgcablc of: 

API Publicatioii 2015. Cleuriing Perrolcuni Srorogc 
Toriks, Third Ediriori. 1983; . 
API Publication 2015A. A Curilcjur Controllirig rhe 
L e d  Hiizurd Associurrd wirh 'Turik Entry atid Cleutr- 
ing. 1982; 
AI'I KP 2003. Prorerriuii Agiiiri!r Igriirruris Arisirig o:rr 
uf Sfurrc. Lig1:tirin~ und Srruy Currerus. Fourth E A  
n o r i .  19x2; 
NFPA 327. CleutrinR Snioll Turds and Coiiruiriws; and 
AI'I KP 2027. lgniriori Huzurds Irivulvcd rr i  Abrcisive 
nlusriiig uJ Turiks in Service. Firsr Edirron, 1982. 

Care should albo be tahcn to use procedures and equip- 
ment necessary 10 coniply with all applicablc safety rules 
and regulations. 

I 

Maiern!s used for inrcrio: lining of underground W 
may bc epoxy-bad  rebiiis. isophthalic polyester-bad res-. 
in3 or other aiccptabk cwiings CAUTION: Some coaling 
materials arc nor acccplab!c due to incompatibility with 

. pcrroleuin products or product additives. Acceptable coaling 
materials shall satisfy the following three requirema& as 
certified by the manufacturer. 

A. BOSOING Cwtings. when applied to properly-prepared . 
' steel surfaces (scc Section 7.3). iiiust maintain bond to thc . 

tank while in its designatcd service for Ihc period of Ihc . * 

E. COEFFICIEST OF TIIEHUAL EXPANSION The coating's . - 
coefficient of th~rnial expansion shall bc compariblc with 
stecl. so that inordinate streses will not resu11 due LO tem- 
pcrature change. 
C. I.clwersios TUTS Kepresentative coating samples shall 
be rested to dc:erminc compatibility of the lining marerial 
with stored products. SainTlcs ~htll bc immersed in h e  
liquids listed below at either 3S"C (100°F) for periods of 
one, thrcc and six months. or 23°C (74W for periods of 

. one. three. six and twelve months. Upon completion of each 
' immersion period. testing of the samples must venfy that 

. the coating has not substar.tially deteriorated in accordance 
with thc fo:lowing: 

ANSI-N512-1973 ' Bonding Sirength 

. tank lining's wmaiity. 

TEST PURPOSE 

ASTM D790-71 Flexural S W M h  . 
ASTM b279S.69 hpact Re& 
ASThl 02583-67 
or 8arcolHardnau . 
Barber Colemm GYW 935-1 acd 934 
ASTM D543-67 Procedure 1 FJm Inlogrily 
LlOUlDS FOA II'.:hIERSION TESTING: 
ASTM Reierence Fuel C 
Unleaded Gasohe 
Leaded Gasoline 
No. 2 Fuel Oil or Diesel Fuel 
Toluene 
Xylene 
Gasohol (10% Ethanol) 
0s:lled tVa!er 
NOTE: A warranty cerlifymg chemical Co.mpalaSil:ly is lo be 

?rov.ded Io the owner by the manulaclurer blloia Uoiaga 
is permixed 01 liquids 0:her than those listed. 

Physical propcnieh aftcr,the final immersion period shall 
be a minimum of 30% of thc original physical propertics 
before imn:ersion with a shble trend indicating little or no 
funher long-term Jclerioration for toluene, xylene. and dir- 
tilled water. and 50% for all other listcd malerialr. 



, 4.0 Preparation for Opening the Tank 
4.1 Safety Pfecautions 

Stiuiccs oi ignition iiiust be rciiiovcd fruni tlic drca sur- 
rcruiidiiig [lie tank(s) and vapor vcnts during pcriods when 
Il:iiiiiiiaIilc vapors might be cxpcllcd Work will not coin- 
iiicnce i f  the direction of rhc wind might carry vnpurs intu 
arcds wlicrc they could produce a huarduur cundirion (c.g. 
ignition, hruathing). 

A coiiibustiblc ga\ indicator shall bc u\cd to check for 
Ii;iL,irduus vapors in thc area. All open tldiiic and spa:k- 
producing equipincnt within the Y a p [  hxrard area shall be 
shut down. Electrical equipment uscd in thc.area must be 
e\pltisiun-proof (Class 1. Division 1. Group D) or appruvcd 
fur the scrvicc. 

4.2 Tank Isolation 
Bcfolr any work on thc cxtcrior sugiacc of the tank bc- 

gins. tanks must be inspcctcd Io dcrcrnminc how thc tank is 
to be isolated. If a tank is cquipprd with a manifolded vcnt 
or fi l l  linc or syphon asseiiibly. ncccssary nicasures nicst 
be tahcn to isolate each tank. The vcnt for the tank being 
lined should bc isolated from vents for othcr tanks which 
iilay still b i  in serGicc. This may rcquirc a rcmporaly rep- 
aide vcnt for the tank king Iincd. All elcctricai switches 
supplying clccCrical current to submcrgcd pumps and/or othcr 

'equipment conn!ctcd lo the tank shall be disconnected and 
luckcd. 

4.3 Removal of Liquid Product 
As niucli product. water and acdinrent as posrrble shall 

hc rcniuvcd using explosion-pmf or air driven puii:pr. Pump 
iiioturs aiid suction lioscr must be bonded to the tank to 
prcvcnt electrostatic ignition harards. A small quantity of 
warer can be pumped into the tank to float thc product from 
a low spit tu whcre i t  can be pumped from the tank. Also, 
where pwsiblc, fill (drop) tubcs shall bc removed to allow 
for niaxiiiiuiii removal of ?I1 liquid aiid to provide !or ad- 
cquatc air vcnlilation. 

4.4 Removal of Flammable Vapors 
(Gas Freeing) ' 

l l ic  tanh shall be thoroughly purgcd only with air to 
rciiiovc Ilaiiiinahlc v;ipon or rcsiduc capable of producing 
Ilmiiiablc v.~pon. l l i c  conccniration of flan1ni;lblc vapors 
iii a tx ik  iiidy go through thc Ilaainiablc rangc bcfo:c a sak 
atiiiti\plicre is obtained. It thcrcforc is necessary that prc- 
c.iuIiiins arc taken to climinatc the possibility of thc dis- 
cliargc til' rtatic electricity during gas frccing procedures. 

Air prcssure in the tank niust not cxcccd 5 psig. To 
prcvcnl C X E C ~ S  air prcswrc thc vcnt line must be chcckcd 
to niahc certain it is frcc from obstructions and traps. 

Vciitil-tion of ilic t.tnh cdii hc accu~~~pIisIv~J by O I : ~  of 

a. An cduuor-tyw air niuver (we Figure I )  usually d:i- 
vcii hy coiiiprcsscJ air. sl:d b2 properly bundcd :O 

prcvcn: ~l ic  puwoility o i  static electricity gcncra:ioii 
and Jirchargc. U'licn using illis ixthod. in.: fill (drop) 
tube should rciirdiii.in place tu ensure vcntil:itiun at 
the buttuiii of the Idilk. f i n k s  CqJ:ppcd with fill (drop) 
tubcs which a x  nul rciiiov.hlc should be purgcd by 
this nicthod. An cxrenrion sliall 5- used to discharge. 
vapors a niininium of twclvc ( I ? )  feet above gade. 

b. Diffcrcd blown-air is illubtrJicd in Figure 2. When 
uwig this purging nicthod it is iiiipentivc that the air- 
diffuairig pip: is pruprrly bonded to prevent the dis- 
chargc of a spark. Fill (drop: tubes must be rcniovnl 
to alluw propcr diffusion ol' thc air in thc tank. Air 
supply should be from a coiiiprcssur, which has bccn 
chcckcd to cnrurc a clciln airsupply. free from volatilc 
vapun. Air prerrurc in thc lank nust not cxcccd 5 
psig. 

IWU ili~tl:uJs W!ll~I l  q c  Iislcd bcluw: 
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4.5 Testing Flammable Vapor . 
Concentrations * .. 

: . .  
An iinportaiit pha>c of the opcratiun ir thc [citing for 

flammability of the vapor in the excavated area and in the 
tank. Such tcbts arc to bc madc with a combustible gas 
indicator which is prupcrly cdlibrarcd on hexane in air.and 
thoroughly chcchcd and mainlaiced in accordance with man- 
ufmurer's instructions. Persons rcspunsrb!c for tcs:ing must 
be coinplctcly familiar with the usc oi  thc instrumcnt and 

Thc tank vapor spaic is to bc tcstd by placing the corn- , 
bustible gas indicator probe into thc iill opening with thc .<::: 
fill (drop) rube rciiiovcd. Kcadings should be taken at [be ,'&. 
botiom. inidJlc and uppx punions of the rank and the in- ' :$$ 
struinem should bc cleared aftcr each reading. If thc tank 
ir cqcppcd with ;I noli-rcniwable fill tub:. rcadings should .-:!+:&$ 
be tahen through another opening. Liquid product must not !.?>+. 
enter the pruhc. Thc vapors should be kstcd at the vcnt :&$ 
riser or cductur whilc the air mover is in operation aod '& 
purging is in progrcss. and also in tlic tank itself with purge :!SA$$ 
air shut off. Kcadings of IO perceiir 0: less of the lower +x$ ".'I;, 

flanmablc liiiiit (LFL). a\ indicated in the tank and at the 
vcn: r i c r  or cdxtor .  niwt be obtained kforc  the tank is . !% 

. .' 
:.:,;, 
.*_ . 
??: 
+,? 

..??. _..._,, . : : -7 . ..i .. . 

. _..? ._ 
.- .. 
...'. 

the inrerprctation of the instrument's readings. . .. ._ 

cur.aidcrcd d e  iur opcniirg. 

5.0 0pening.the Tank 
If no nianway eriarr. an opening with thc minimum di- 

mcnsiom or 16" hy 18" shall be cut in thc'taiik top avoiding 
welded bcdiiis. 1 hu tank section to be reniorcd ShoJld be 

. -:. 
-i;:F-. 
:;,it$ 
.+A 

marked wt!i chalk and a hole drilled with an exp!osion- 
:?& 

. .  



EDUCTOR TYPE 

(SEE DETAIL IA) 

I .  . 
FILL (DROP) TUBE 

ISTER.07 L1NIX.C OF STEEL 
UXGERGRGUNJ STORAGE TANKS 

TYPES GF TANK VENTILATIOX A S  COVERS 

t 
AIR FLOW 

. G.L 

VENT 

AIR FLOW 

I 
I '  2k I 

. .  FIGURE ; 

.. 

DETAL 1A 

HOSE TO AIR 
COMPRESSOR 

OU!CK COUPLE 0 
DIFFUSED Al i l  BLOWER 

n"L-CEIICJC "r. 

4 I 1  
SEE DETAIL 2 A  

II rncaaunc ncJUCISG 
VALVE WITH GAGGE 

GROUND CABLE 
(SEENOTE) . 

I . .  ._ ..' 

BRASS PIPE 1%" DIA. WlTk 
FOUR ROWS OF 35-%' H3LES 
(IC0 hGLES TOTAL) 

5 PSIG 

C TO FIRST HOLE 
, PIPE MUST TOUCH 

.FORGROUND 
TANK BOlTOM 

DETAIL 2A SHUT-OFF 
VALVE 

NOTE. GRSJSD CABLE BRAZED TO PiPE 
MUST BE CLAMPED TO FILL PIPE. 
USE 12 GAUGE GROUND WIRE 
FRO!,! FILL PIPE TO )VATER PIPE 
OR GWUND ROD. 

* 

. FIGURE2 



prod‘ I*uili a\ air-driven) drill at one c o n i s  of th~.s:ctio~r. 
,\lkr i!ii Iide is d;illed. rlic hiik upors  i:iast again h:. 
icbtcd by ii:rcrting the nietcr probe into 111s hok to vcricy 
t l i ~ t  ~ h c  vapor concentration does not c ~ c c e J  I O  perccct 
LFL. 
Note: I i  IS inipunant that the purging. air ventilation a:id 

testing continue throughout the entiie lining op- 
cration. Vuring the vank cutting opcrariun minimal 
air pressure should be maiiiiairicd to,prs\cnt a blow 
IIUI .  

Thc tank should be cut using an explosion-proof (such 
as air-drivcn) sabcr saw or snippcr using h~bricaling oil to 
rcducc friction. heat and possible sparks. Prior to thc finai 

‘cut. tlic platc shoulJ be supponcd to prevent its fa!ling in;o 
the lank. 

6.0 Tank Entry 
I k h e  cnlcring tanks. thc proccdurcs dcscribcd in API 

Publication 201 5. “Cleanbig Perroletiin Sforugc Tmks”.  
and 2015A. “6 Guidr for Coiifrolliiix fhe Leud Huzurd 
A.ssuiwcd uifh Tuiik Entry urd Cleuiiiiix”. should be fol- 
biwed This includcs checking thc oxygen conlcnt inrid: 
the tank with a properly calibratcd oxygen monitor. 

AI  all tiiiics. pcrsonncl entcnng the lank shall be equippsd 
with positive prcswre air supplied cquipineet with full iace 
‘enclosuic a d  safety hahess connected to a rafety linc held 
by an attcndant outside the tank. Oil and water-rcsistani 
rubbtr or neoprene boots and gloves shall be worn. Clothizg 
shall cover the anns. Icgs. torso and hcad of tank entry 
personnel. Disposable clothing. impervious to pioduct. IS 

pmfcrred. Clothing saturated with product shall be removed 
iinmedi;itcly. All personnel working inside thc tank should 
bc. Taniiliar with ANSI ZI 17. I ,  “Coi,/ifiedSpoccs SufeIf’. 

Tests with the combustiblc pa5 indicator and oxygen mon- 
itor ~hould bc perfornied periodically in the tank to asccnain 
that the tank vapors and oxygen conrcnt itre iii tlie safe range. 
I t  should bo rccugnired that ifthe tank is perforated, product 
or vapun which hare leaked into the soil may rc-cnw th; 
[.ink. through a p::loration. The vent line shall remain clear 
;ind uiiob\trucled :o allow continuous vcntilatiun. All other 
lincz ;inJ opening5 shall be pluggcd or c a p p d  ofi to insurs 
no liquids or vapors may cntcr the tank during thc lining 
opcrat ion. 

I 
7.0 Preparation of Tank Interior 

7.1 Sludge Removal , 

Sludge accumulation on the bottuiii of the tank must be 
rciiioved and placed in tightly saalcd coniaincrs. I t  must be 
di\po\ed of in accordance with loc;iI. state and fedcral rcg- 

. ulatiom. which may require mandatory docuiiientarion as 
wcll a\ safe dispobill. 

1 
I 

1. ! e 

X O ! ~  2iiih z:u.lgc,;ind scalc arc potcniially harardous as 
ihc) iiuy co::iain tctiaclhyl lcad vapors which can 
bc i n i i d d .  :or tohic liquid tetraethyl lead which 
nay  bc absurlwd tiirough thc skin. .If ihc dry in- . 

. x r n d  surface of the I d  is scraped. the resulting 
ctiiiospkic n i q  contain daiigcrour quantities of . 
l:nd. ‘I’hc quantity of Icad iii the rank atniosplierc 
should bc chcck.cJ using a lcad in air analyrcr. . 

7.2 Tank Inspection 
. During inspection. the ciitirc interior surhce of the tank 
shall bc ; tspatcd using a light f i~ turc  approved for Clvs 
1. D i v i s a  1. Group U - Hazardous Locations. The struc- 
tural int2y:ity of the steel shell around perfordions (holes) 
or areas of severe cur;o\ion should bc detcmiincd by tapping 
with a bnss  ballpxn banimcr. Suflicicnc stccl shell must 
remain i e x t  (alter abrasivc blasting) to provide ruuctunl 
support icr the intcrior lining. llir following guidc1ine.s niay 
bc utilize.! IO idzntXy a tank that iilay bc rcpaircd. 

1. A tcnk having an open scani or split no longcr than 
thrcs (3) inches: or 

2. A unk having a ptrforation no larger thin one ’ah  
oii:-half ( I  ‘h) inches in diaiiictcr cxccpt under the 
gauging opening \*here thc perforation may be no 
larg.:: than (KO and one half (2 %) inchcs in diameter. 
or 

3. A I-nk wit!) lcsr than fivc ( 5 )  pcrforarions (none larger 
t h x  one half inch in dianiclcr) in any one square foot .-. 
arc;. 

4. A :mk with less than twcnty (20) perfo:ations (none ._.. 
lar;:r than on.: haliinch in diaiiietcr) in a fivc hundred . ’ r. 
(Xi) squarc fool area. 

Tanks 1331 cxcecJ any ofthc above should not be interior -.<. 
lined u n h s  appro\ed by thc authority having jurisdiction. _. :i! 

To dctxniinc adhcrcncc to these guidclincs. perforations , :w-jy 
and 5car.b shall be brass bJllpccn hammereJ (bcforc and I..,&. 
after a b a i v c  blasting) to rcmovc thin nictal and obtain :>.?’+?, 
structunl:y sound edges. Perfora:ions and scam splits shall .*..: bc rcanxtl until tlie cdgcs of thc hole or split arc a minimum ’ .s,$ 
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7.3 Surface Preparation .>;>. 
All bb:!cg pcrronncl should be fmiliar with thc h , m d s  

dcs<ribx! In API Publication 2027. ”lpiifiun Hururds Iri-  

v u l d  in ..iBruJiw U l r r w i i ~  of 7irnl.r iir Service”. All pcr- 
forations shll be plugged with boilsr plugs or hydraulic 
ccnicnt prior t i  abrasivc blasting; scams niay be plugged 
with hydr--lic cciiicnt 

CAUTi;)S: UEFORE AUKASIVE ULASTING. THE 
1ANK SIIOULV UE CHECKED AGAIN 
WITH THE CONUUSTIULE GAS INDI- 

’&’> 
>:.-a 
.. ::,i 

:... 

:it< 
*.. 5 

7 3 .  
‘?;a 

..,.a- 

. :., 

., -. 

’f ... 
. I  ..; 
c ... 

’ t  z - 
. . . . - -. . .. . . . __ . . - 

_. . 
._ _. 



. CA1'01< IO L:NSUI<li.TIlt\I' N O  FLAM- 
h:AULE VAI'ORS IIAVE E N l E K t U  TI IE 
TANK. 
BLAST CLEANING OPERATIONS 
SHALL N O T  IIE CONDLCTED ON SUK- 
FACES THAT WILL LIE LYET AFTER 

TION OR WHEN?lllr.SUKFACEIS LESS 
THAN 5°F ABOVE DEW POINT. OK 
WHEN THE KELATIVE HUMIDITY OF 
THE AIK IS GKEATEK TIIAN 85%. 

The entire internal tank surface shall bc abrasive blasted 
ci>iiiplcrcly frce of scale. rust and foreign matter to SSPC- 
S P  5-63 (S.S.S.d) (White Metal Blast Cleaning). When 
rand is used as the b h t  material a niiiiimum of 90 psi and 
18 nicsh grit material should be used during blasting. 

Note: A White Metal Finish is dcfincd .IS a surface with 
a gray-white unilorm metallic color. roughened to 
form I k'2-2 Mil anchorprofilc pattern Iorcoatings. 
The surface. when vicwcd without magcification. 
shall bc frce of all oil. grease. dm. visible niill- 
scalc. N S ~ .  corrosion products. oxidcs. paint or 

Abrasive blast operators shall wear approved helmets con- 
nected to sources of clean air. Bonding should be provided 
bclween thc bhsting nozzlc and the work suriace. 0: clsc 
the hlasting n o d e  should be eflcctivcly grocndcd to providc 
equivalcnt protcction from static charges Separators and 
[raps should be wed to reniovc oii and water from coin- 
pressed air. Following complctloii of the abrasive blasting 
operation. the surface shall be brushcd with a C l e m  hair, 
bristl& or fiber brush, blown with compresscd air. then 
vacuuiiied. Boiler plugs and hydraulic cement plugs shall 
be covered with epoxy or polyester then covered with fi- 
berglass cloth (mininium 1 Vi oz.lyd'. silane treatcd) which 
ovcrlaps all sides of h e  plug with a minimuin of two (2) 
inches. If perforation in a seam is prcknt. the perforation 
shall be healed with hydraulic ccinent then covcrcd with 
glarb cloth and resin. overlapping the perforation by six (6) 
inclics. 

BLASTING A ~ W  nwow APPLICA- 

. 
. other foreign matter. 

8.0 Application of Lining 
I'iitir to tlic application of lining iiiatcria:. a VI" steel 

rcinliirciiig plate hilled to ihc conlour of the tank and with 
iiiiiiiiiiuiii diiiicn\iiiii\ of 8" by X' sliall be ic\tallcd under 
thc fill (drop) tubc and gauging tubc. This plate shall be 
covcrcd with fibcrglass cloth inibcddcd in rcsin. Thc blart- 
clcaiicd surface should bc coated within eight hours after 
hlawng and bcforc any visiblc rusting occurs. Only thox 
liiiing iiiatcrials iiicctiog thc,rpccilications in Section 3.0 
shall bc urcd. Xlanulacturcr's instructions arc to be followed 

on Ii.iiidl:iig xi! iiii\i:ig 01' i c w i  coinpoutids. and ilicsc 
cciiiipound\ shd! bc applied to h e  critirc interior surtacc of 
tlic laiih by lh: minuhcturcr nr his dcrignated distributor 
follor*ing tlic spxilicd iiictliod (it' applica!ion. to the d& 
ignatcd thickness a i d  at tlic rcconimcndcd applicatioii tem- 
peralux. I( a h2JtCr IS used to aiiclcrate the curing proccsr. 
all oilier work uhish iiiiglit relcasc Ilamniablc v a p n  must 
bc haltcd and I::.: hcJting unit diasl be ailcndcd whenever 
it is iii opcraliaa. The coating \hall bc curcd thoroughly to ' 
the inanufacturx's zpccificatm> and checked for air pock-. , 
CIS. and pinhulcs using a Iiolihy Detector. If m y  exceptions 
arc found thcy shall bc rcpaircd to manufactum's spccifi- 
cations. Contractor shall protccr Ihc coated s u r f x u  fmm 
contaminnion by foreign inattcr. Thc coating hidin= shall 
bc chechcd with an Elconicier Thickncss Gauge or equiv- 
alenl a d  tested for hirdncsr using J Uarcol Hard~icu Tester 
or equivalent to cnsurc compliance with manufacturer's >, 

Personnel salcty and clothing requircmcnis musi comply - . 

. 

specifications. .. 

with Section 6.0. 

9.0 lank Closing 
If an opcning has bccn cut. thc tank shall k xdcd as 

follows: 

a. A thick slccl cover plnc. rollcd to lhc contour of 
thc tank. r:iall be made to overlap the hole at I c a  
two inches on cach side (e.:.. should measure at 1- 
26" by 26" If nianholc;war cut 22' by 22"). 

b. The cover >hall be urcd ab a tcniplatc to locaie Y; 
d:ani;tcr to:ca no1 cxcccding five inch centcrs. one 
inch fioni thc edge of the cover. 

c. Thc cover $ate shall bc sadblasted to White Metal 
on both bid:> and the end;.: inside surface shall k 
coated with coaling niatcrial to aci as a gsket .  

d. Uclbrc tlic coating on the cover cures. the cover shall 
bc fiastencd io thc tank using Y:* (minimum) diarnctcr . 
b o k  The Sult \hafts im: to be placed lhmugh the 
holes iroiii ihc inbidc of Ihc tank and hcld in place by 
spring clips. then fastened with local washen and nuts 
as illustrate.! in Figurc 3. 

e. Altcr bring bolted to thc tank, lhc cover phtc and 
surrounding -tank w l a c c  shall bc properly zand- 
blasted, co;lt:d with coating iiialerial and allowed to 
EUS bclcirc b;ickli!ling [lie hoic. 

. . 

' 

10.0 Tank Tightness Testing 
Bcforc backlil!ing. thc tank should k tightnebs tcstcd 

using locally XCc,l:Jbk methods. l'anicular altcnlion rhould 
bc paid to thc covcr plate and all crpsed fittings. 
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1. FOREWORD 

The prevention and detection of product leakage from petroleum storage and 
dispensing systems is important to both industry and the public. In preparing this 
bulletin, careful consideration was given to: 

1. Safety; 
2. Protecting the environment; 
3. Preventing tank and piping failures; 

5. Protecting product quality; and 
6. Minimizing installation costs. 
Furthermore, attention was also given to the applicable sections of National Fire 

Protection Association (NFPA) 30, Flammable and Combustible Liquids Code, 
NFPA 329, Underground Leakage of Flammable and Combustible Liquids, and 
Underwriters’ Laboratories, Inc. (UL) 58, Specifications for Underground Storage 
Tanks. 

This bulletin, covering the installation of underground gasoline. diesel fuel and 
waste oil systems, is offered as a guide for use by architects. engineers, marketers, 
jobbers and contractors. Its primary application is at retail and commercial facili- 
ties. It is not intended to cover specialized installations, such as airports, marinas, 
home-heating oil systems or tanks to be installed inside buildings. 

Federal, state and municipal codes or laws may have specific restrictions, which 
must be taken into account prior to the installation of underground tanks and 
piping. 

The information in this bulletin may be used by anyone desiring to do so. but the 
American Petroleum Institute shall not be held responsible or liable in any way. 
either for any loss or damage resulting therefrom. or for the violation of any federal. 
state or municipal regulations with which it may conflict. 

Note: Vapor recovery systems have not been covered in this bulletin. Anyone 
preparing to make an underground gasoline tank and piping installation in an 
Environmental Protection Agency Air Quality Control Region should investigate 
the local requirements and current methods of compliance in that region 

. 4. Minimizing maintenance; 

1 
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2. IMTRODUCTlON 0 
Many underground storage tanks and piping system!, 

inrtalled in the United States have operated safely and 
free of leaks in excess of 30 years. Materials and proce- 
dures currently are available to help ensure that today’s 
installations a h  can be operated without problems for 
the life of the facility. Succcu depends on a number of 
factors. including: 

0 Sound design of ins-tion; 
0 Proper selection of materials for the specified loca- 

tion; 
0 Installation proccdurk in accordance with good 

engineering spedfications and manufacturers’ in- 
structions; 

0 Capable and adequate supervirion and inspection 
during installation; 

0 Thorough testing at appropriate stages of progress; 
and 

0 Appropriate monitoring and maintenance pro- 
grams. 

Prior to construction of a facility and the installation 
of underground equipment, a detailed analysis of the 
selected site is necessary. At a minimum, the analysis 
should include a determination of soil conditions, water 
table level and drainage. In addition, a review should be 
made of the corrosion history of the area. If sufficient 
data are not available and metal tanks and piping are to 
be used, a corrosion survey should be performed by a 
qualified person. 

Uncontrolled corrosion can lead to product leakage. 
Corrosion is the result of a flow of direct electrical 
current, which removes metal from the surface. It can 
be caused by the corrosive nature of the soil. stray 
electrical currents andlor bimetallic cells. 

0 Corrosive nature of the soil: Several factors ac- 
count for the corrosive nature of soils. These include 
low soil resistivity (the ability of the soil to conduct 
electrical charges), moisture content, acidity, and the 
presence of sulfides, as well as the differentials which 
exist within these facton. Probably the most significant 
of these is low soil resistivity. Other factors being equal, 
soil resistivity under 3,000 ohmcentimeters may indi- 
cate a very corrosive soil; 5,000 ohmsentimeten, a 
moderately corrosive soil; and over 10,OOO ohmsenti- 
meters, a relatively noncorrosive soil. However, a soil 
having both a high resistivity and a low pH (acidic) 
could be potentially corrosive. 

0 Stray electrical currents: Stray electrical currents 
that come from underground power lines or from im- 
properly constructed electrical systems can be a source 
of corrosion. 

Bimetallic and galvanic cells: Corrosion cells which 
derive their driving voltage from the interaction of two 
different metals are called “bimetallic cells.” Such cells 
are created when two dissimilar metals are connected. 
Typical examples might be found where a bronze check 
valve is joined to steel piping, or where galvanized p i p  
ing is connected to a steel tank. In many cases, the 
circuit connection may be obscure. For instance, a c o p  
per water pipe crossing a service station property docs 
not necersarily have to be in dirrct contact with a gas- 
oline line for a “cell” to be created. If the electrical 
service in the station is grouaded to the water rcrVice. 
a circuit can exist at thc pump island. where both the 
electrical conduit cable and the garoline piping reach a 
common junction point. Corrosion celh can a h  be 
m a t e d  where the same metal is used. for example 
where there arc impuritica such as slag indusions. or 
where weld metal is used that diffcn from the parent 
metal or piping has been scratched or cut. 

Two important points should be kepc in mind by per- 
sons planning on installing new tanks and piping s y r  
terns, or replacing existing systems that are leaking due 
to corrosion: 

First, unprotected steel tanks should be used only in 
nonsorrosive areas. Otherwise, install either: 

0 A system constructed of noncorrosive materials 
such as fiberglass-reinforced plastic (FRP) or its 
equivalent; or 

0 A steel system ca thodidy  protected by an im- 
pressed current cathodic protection system, sacri- 
ficial anodes, or some other type of equivalent pro- 
tection. 

Second, if it is nmssary  to replace or interior-coat an 
underground steel tank which developed a corrosion- 
induced leak, it is recommended that all other steel 
tanks at the facility-which are of the same age or 
older-alw be treated similarly, even though they may 
not be leaking at that time. Newer tanks can be anodic 
to old steel. Therefore, they should be uncovered suffi- 
ciently to determine if additional protection or replace- 
ment is required. 

Other factors to consider when making a choice be- 
tween the use of metallic or nonmetallic tanks or piping 
would include initial and operating costs, and the avail- 
ability of qualified pemnnel for the installation and 
maintenance of the selected corrosion control equip 
ment. 

If a cathodic protection system is used. an ongoing 
preventive maintenance program must be in effect. If 
sacrificial anodes have been installed. their proper 
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operation should be confirmed by a qualified person at 
least once a year. . 

If an impresscd current cathodic protection system is 
used, it is necessary to veriest least once a month- 
that the rectifier is operating. Such systems are subject 
to vandalism, and the electrical service may be discon- 
nected by accident or on purpose, making periodic in- 
spections mandatory. While it may be feasible for local 
personnel to monitor operation, a qualified person 
should conduct an on-site test and inspection of the 
facility no less than once a year to measure the struc- 
ture-to-soil and structure-to-structure potentials, and 
the rectifier voltage and current output. 

The installation of cathodically protected systems 
usually involves the use of wiring connections between 
anodes and test stations. The exact location of such 
wiring and anodes should be carefully identified on a 
plot plan of the facility, and a copy of this plan should 
be kept at the site. A notice board should be placed 
adjacent to the tank location reading: 

CAUTION: THIS SITE HAS CATHODICALLY 
PROTECTED TANKS. BEFORE EXCAVATING, 
COUACT: 

0 

(Insert name and telephone number of company 
representative . ) 

3. TANKS 

A number of factors must be considered in the ( I )  
selection, (2) location, (3) installation. and (4) testing of 
tanks. 

(1) Selection: Primary considerations in tank selec- 
tion include the material required for the anticipated 
service, tank dimensions. and the capacity desired. 

(a) As previously noted, the material Io be used at a 
particular site will depend upon the conditions at that 
location (see "Introduction). Steel fabrication should 
comply with the latest issue of UL 58. Steel Under- 
ground Tanks for Flammable and Combustible Liquids. 
Both steel and FRP tanks should bear the applicable 
UL Label. 

(b) Selection of tank dimensions is somewhat flex- 
ible. This can be of importance where a high water table 
exists or where rock conditions or suction pumping lift 
requirements dictate a shallow installation. Tanks of 
the same nominal capacity can be secured in many 
areas. with various diameters and lengths. 

For example: 6.ooO gallon steel tanks are available in 
the Eastern U.S. in diameternength combinations of 
95"lll': M"121'; and 72"R9'. 

The shorter lengths may be required to fit a site with 
restricted dimensions. 

Note: Prior Io installation. tanks should be measured 
to confirm the tank gauging chart(s) that should be 
supplied by the manufacturer It is necessary to have 
this information availaMe for product purchaselsdte 
transactions, as well as for testing and maintenance to 
determine any leakage that may occur a\ a result of 
installation or subsequent damage or corrosion. 
(c) Tank \  of the most commcmly used capacities are 

availahle in most areas. FRP tanks are availahle in any 
size normally used at senice stations Steel t a n k  can he 
secured for underground petroleum service in almost 

any capacity. The sclcction of tankage capacities and 
numbers for a particular site are discussed in detail in 
API Bulletin No. 1611, Service Station Tankage Guide. 
1961. 

(2) Location: Whenever possible, tank fill openings 
should be located SO that a minimum amount of maneu- 
veringaill be required by the truck or transport making 
the product delivery. The driveway grade should he 
such that the tank truck will drain properly. 

(a) Tanks should be located so that the parked tank 
truck will not be on the public right of way. block the 
driveway to consumer use. obstrun the motorist's view 
of the service station building, or interfere with the 
operator's use or visual control of the driveway. 

(b) Regulations may permit underground tanks to be 
located closer than 10' to a building, but care should be 
taken to avoid possible damaging effects to the founda- 
tion of the building where this option is used. 

(3) Installation: Tank .cx-cavations . - - -. - should - be suffi- 
ae.nt1yJaFge.g pr+& i-rnininyn clearan&& 12" (in 
the case of steel tanks) and_ 18" (fir FRP tanks) in all 
horizonral .@.Eaions.. .Th$-ex~ysti&Jho~~, keep 
enough -- to . provide - - for _. . a backfill below the bottom of the 
tank of -- at least ... 6" . for .-- steel I. .-. tanks . ad-T2"-f&YRP . 
tanks.. The burial depth of the tank is-depe-nden!-on 
loca~gulat ions,  - .- . -. the . _- type __ of . . . finished - . - - __. surface - to be ap- 
plied, :oil co.ndi!ions, topography, suction pEpiGNt 
rcqyir_ements., andth~  piping nceded. 

In areas not subject to traffic, the cover depth of 
underground tanks should be a minimum of 24". or not 
less than 12" plus a reinforced concrete slab not less 
than .-__-__ 4" in thickness. _ _  . . Where tanks_Kre subject to or 
[ikely to. be subject tq traffic,.cover dspthr should. he a 
minjmum of 36". or not less than 18'' of iell-!ampcd 
material . .. plys_at-l~st $-''-of [e_in@r:ed ~ ~ c ~ ~ ~ e . ~ r  K' 'S>f  

._--_. -. -.. . _ -  .. . 
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(a) B;ickfill hclow. around and ahove tanks should 

be clean, noncorrosive porous material. such as clean 
mashed sand or gravel for steel tanks and. for FRP 
tanks, mubt he in accordance with manufacturer’s speci- 
fications. 

Backfilling operations are most important to the lite 
of the installation. The owner should continuously 
supervise these operations to ensure that only specified 
materials and installation methods are followed by the 
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either the tanks or tank coatings. Anchor straps should 
be iristalled so as not to damage tanks or tank coatings 
and to ensure that the tank is electricall! isolated from 
the anchor straps. This can be accomplished by placing 
a section of rubber tire between the tank and anchor 
strap. 

The entire installation should comply with the re- 
quirements of NFPA Code 30. 

(4) Testing: Requirements for the testing of under- 
contractor. ground tanks vary with state and local regulations. Tests 

can be performed (1) at the time of the delivery of the (b) It is recommended that tanks be ballasted with 
product as soon as possible after backfilling. Water bal- 
last may be used as an alternative, but it is necessary to 
defer installation of submerged pumping units in the 
tank until after the water ballast is removed. If ballast- 
ing is necessary in order to prevent tank flotation (from 
a high water table or from rain), the end-use product 
should be used as a first choice. 

(c) With product ballast, attention is required in 
handling, inventory control, and safeguarding against 
accidents or thefts. All fill caps and pumps should be 
locked during unattended periods. 

(d) Anchoring should be used to prevent tank flota- 
tion from a high water table. When a concrete slab is 
used for anchoring, tanks should be separated from the 
slab by no less than 12” of sand. Tanks should not be 
set directly on the concrete nor placed on hard or sharp 
material that could cause deformation or damage to 

tank to-the site; (2) in hole prior to covering: (3) after 
installation but prior to completing the backfilling; and 
(4) after the paving and all piping has been installed. 

(a) Since damage can occur to tanks at any stage of 
construction, specific testing requiremenu would be 
dictated by the degree of control the owner must exer- 
cise. Any damage to the exterior coating should be 
repaired using material of similar nature. 
(b) Testing should comply with NFPA Code 30 re- 

quirements. 
(c) As a minimum, it is recommended that all tanks 

be tested with air pressure prior to installation. PRES- 
SURE MUST NOT EXCEED 5 POUNDS PER 
SQUARE INCH (psi). AI1 fittings, seams and visible 
dents should be soaped during this period, and in- 
spected for bubbling. 

4. PIPING 

As is the case with tanks, proper care must be taken in 
the (1) selection, (2) installation, and (3) testing of pip- 

the same size as the suction andor delivery lines to the 
dispensers. 

~ ~~ 

ing for underground tankage. 
(1) Selection: The location of the piping will deter- 

mine the type and size that should be used. 
(a) Schedule 40 steel pipe, either galvanized or 

wrapped black iron, or UL approved nonmetallic pipe. 
is recommended for all underground piping; and Sched- 
ule 40 galvanized steel pipe should be used for above- 
ground vent piping. Piping with a 1%’’ or 2” diameter 
is generally used. As a minimum, couplings and fittings 
should be 150-lb. malleable iron. 

(b) Delivery piping from tanks to dispensers should 
be sized according to the recommendation of the pump 
manufacturer. In determining size, consideration must 

(d) Each tank should be vented through adequately 
sized piping. This is necessary to prevent the build-up of 
excessive pressure, or the blow-back of vapor or liquid 
at the fill opening, while the tank is being tilled. The 
maximum rate of fill can be limited by the diameter of 
the vent line. Two-inch diameter vents (in lengths up to 
150‘) should be adequate for flow rates incurred using 
4” delivery equipment. If nonmetallic pipe is used for 
underground vent piping, special adapters are required 
at the point where this pipe connects with the steel 
swing joint. Such adapters are available from the pipe 
manufacturer. 

be given to the length of runs, flow rates. and number 
of dispensers to be served. 

(c) Siphons may be used to equalize product levels in 
two or more tanks storing the same product. Material 
for siphons may be galvanized iron, wrapped black iron 
or nonmetallic. It is recornmended that siphon piping be 

(2) Installation: Product lines should be run in a 
single trench between the tank area and the pump is- 
land area. Similarly, vent lines, between the tank area 
and the building or other structure to which the ahove- 
ground vent lines are attached, should be placed in a 
single trench. 
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[:I) Before any underground lines are laid. the trench 
or dirch for such piping should receive a minimum 
h"-deep bed of well-compacted noncorrosive rnaterittl. 
such as clcan. washed sand or gravel. AII trenches 
should be wide enoufi to permit at least 6" of such 
protection around all underground lines. This spplieq to 
both metallic and nonmetallic underground piping. 
Bedding and the covering backfill should be of the same 
material. This will be helpful for grading the lines, and 
in providing corrosion proteaion for any adapter At- 
tings used with non-metallic pipins. 

(b) The actual location of pipe runs should be noted 
on  as-built drawings, if t h e e  is a change from installa- 
tion drawings. Photographs of underground piping are 
desirable as part of the permanent record of piping 
locations. 

(c) Piping should be arranged so that lines do not 
cross over underground tanks. 

(d) Underground product I inu should have a uni- 
form slope of not less than 'ls per foot toward the tank. 
Product lines should be at least 12" below the finished 
surface. Underground piping requires careful attention 
to the tightness of joints and pipe fittings. A pipe dope 
certified for petroleum sewice is to be used for galva- 
nized or black iron pipe fittings. while the manufac- 
turer's recommendation will apply for the cement lo bc 
used in nonmetallic piping joints. 

(e) Possible breakage of underground piping and 
vent liner, or the loosening of pipe fittings resultmg in 
product leaks, will be minimized through the use of 
swing joints. These should be installed in lines at points 
where the piping connects with the underground tanks. 
and where the piping ends at the pump islands and vent 
risers. Fiberglass piping, which is inherently flexible. 
does not require swing joints, if at least 4' of straight run 
is provided between any directional change exceeding 
30 degrees. 

Note: When nonmetallic piping (that has been ap- 
proved fot underground use) is selected, it is ex- 
tremely important that i t  be installed strictly in ac- 
cordance with the manufacturer's specifications. 

(f) Occasionally, it is necessary or advisable to in- 
stall more than one storage tank for a given grade of 
product. Such multiple tanks may be interconnected 
lhrough a siphon connection. This permits the equali- 
zation of the product in the connected tanks. How- 
ever, a siphon systun will give reliable service only if 
care is taken to see that all joints in the siphon mani- 
fold are tight. 

(g) Interconnected tanks shoutd be the same dia- 
meter and be installed with the bottoms st the same 
depth. Although it is not rceommended. it it is neces- 
sary to siphonsonnect tanks of different diameters at 
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a new installation. both the tank bottoms and the 
ends Of the suction stub piping should be at the same 
level. Additionally, care shouId be taken to see that 
the vent line leaving the smaller diameter tank riser 
vertically to a point higher than the top of the larger 
tank before the horizontal section of the vent piping 
is installed. 

(h) Remote p u m p  are available with P siphoning 
attachment, which can be connected to a siphon man- 
ifold. This permits one pump to draw the contents 
from two or mom interconnected tanks. The manu- 
facturer's installation instructions should be fol- 
lowed. 

(i) Vent piping should be at least L2" below the 
finished surfacm beginning from the p i n t  where it 
rises vertically (or 4" in no-load areas), and slope 
uniformly towards the tank. The slope should be no 
less than %i'' per foot, and the piping laid SO as to 
avoid sags or traps in the line in which liquid can 
collect. lust as with product piping, swing joints 
should be installed at the tank and vent riser ends of 
all underground steel vent piping. No wing joints are 
needed where fiberglass piping is used, provided at 
least 4' of straight run is used between any changes in 
direction exceeding 30 degrees. 

(1) Vent piping aboveground should be located. or 
protected and anchored, so as to prevent damage 
born traffic and other sources of potential damage. 
Vent outlets should be located so as to prevent flam- 
mable vapors from entering building opening or 
reaching hazardous areas. Vent outleu must Cis- 
charge upwards, and the discharge point must not be 
less than 12' ahove adjacent ground. 

(3) Testing: It is essential that, during testing of 
piping, the piping be disconnected from the tanks, 
p u m p  and dispensers. Failure to disconnect the p i p  
ing from the tanks could result in damage to the tanks 
and product loss. The piping should then be sub- 
jected to an air test of I ih  times the working pressure 
but not Irss than 50 psi. and the pressure maintained 
for a minimum of 60 minutes, with only a minimal 
change.. Leaks may be detected by maping all joints, 
while the system is under pressure. 
(a) After all piping has been tested and found to be 

tight. all exposed threads of galvanized pipe should be 
coated with a coal tar product or tape film. This pre- 
vents the formation of an electrolytic cell between the 
galvanized fitting and the threaded area where the pro- 
tective galvanized layer has been removed. Elecrrolytic 
cells can cause premature pipe failure. Where sacrificial 
tank anode cathodic protection systems are installed. 
non-metallic tank bushings should be installed in tank 
openings at all points of connection of product and vent 
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piping to the tank, and separate protection provided for 
steel piping. When remote pumps are used. an insulat- 

the pump. 

(b) All piping must be covered with the same ma- 
terial used in the bedding. Depth of such material 

ing fitting should be installed in the electrical conduit ai should not bc less than 6". 

5. EQUIPMENT 

Although this bulletin is primarily a guide to under- 
ground tank and piping installations, consideration 
should be given also to the,type of pumping system to 
be used, and to the tank fittings. The type of system 
selected (suction pumping, and remote or submerged 
pumping) has a direct bearing on the kind of tank and 
piping installed. 

0 Suction Pumping: This system usually consists of a 
pump at each dspenser on the pump island, with indi- 
vidual product suction lines running from each pump to 
the underground storage tank. 

(a) When a suction type pumping system is used, the 
height to which the pumps can lift the product may be 
a critical factor. 

(b) The tank diameter and the length of product p i p  
ing between the tank and the pump should be kept to a 
minimum. This is especially important in warmer cli- 
mates and at higher altitudes. 

0 Remote or Submerged Pumping: In this system. 
the pump is located in or above the underground stor- 
age tank. This permits the use of a single product line 
from each product pump to the dispensers on the pump 
islands. The system permits the use of more dispensers 
for each product, and a reduction in the quantity of 
buried piping. An impact valve, level with the top of the 
island, is to be installed at each dispenser. 

(a) Leaks in these lines will result in an outward flow 
and loss of product, but leaks into the system are mini- 
mized. 

(b) With submerged pumping systems, the delivery 
of product is not dependent on the diameter of the tank 
nor-within limit-n the length of product piping. 

0 Other Factors: Other factors to be considered in 
the selection and installation of pumps include the fol- 
lowing: 

(a) Pump construction, seals and trim should be de- 
signed for and be compatible with the liquids to be 
handled. 

(b) Suction stubs in suction-type pumping systems 
should be the same diameter as the product line they 
serve. Such stubs and remote pumps should extend to 
within 3" of the bottom of the tank or as specified by 
the tank manufacturer. 

(c) It is recommended that a double poppet (under 0 the pump or angle check valve at the tank) be installed 

on each product line. where suction-type pumps are 
used. If the fitting is to be installed under concrete, an 
extractor angle valve manhole or concrete breakout can 
be used. 

(d) With remote or submerged pumping systems, a 
leak detection device is required by NFPA Code 30. 

(e) Pumpingsystenu should be quipped with clearly 
identified and easily accessible electrical switches or 
circuit breakers. These should be located away from 
dispensen and pumps, and permit the shutting off of all 
dispensing devices, in the event of an emergency. 

( f )  Dispensers should be of an approved type. which 
meets requirements of UL 87, and bear the UL Label. 

0 Tank Fittings: Tanks should be constructed to rec 
ognized standards of design (such as UL W1971, Stan- 
dards for Steel Underground Tanks for Flammable and 
Combustible Liquids), and equipped with the desired 
number and size of tank openings. Tank manufacturer's 
specifications and drawings must be checked to deter- 
mine what types (steel or FRP), sizes and capacities are 
available, and whether they conform to recommended 
standards. 

(a) Tank openings of 4" diameter are recom- 
mended, and most steel tanks will meet that specifica- 
tion. Fill pipes, fill caps, and fill tubes normally are also 
4" in diameter. Submersible pumps, designed with the 
capacity to meet normal service station layout and oper- 
ation requirements, are built to fit 4" tank openings. If 
greater capacity is needed, larger pumps and tank open- 
ings may be required. 

(b) Double-tapped bushings are used to reduce the 
size of the tank opening, so that appropriate fittings can 
be attached, and connecting pipes inside and outside of 
the tank installed. 

(c) At the time of installation. temporary plugs in 
unused openings should be removed and replaced with 
malleable iron plugs that are wrenched tight. 

(d) Nonmetallic tanks are fitted with threaded open- 
ings to receive the same double-tapped bushings or 
plugs referred to above. or shown in the installation 
diagrams which follow. 

(e) Fill pipes may be located at any opening in the 
tank. 

( f )  Tight fill connections are recommended. A fill 
tube should be inserted at the fill opening. and should 



extend to within 6" of the tank bottom The iiw of tight 
fil l  connections and Fill tubes will increase the rate of 
product flow during filling. and drcreax turhulence 
and product vapor loss. 

(g) A liquid-tight fill cap. equipped with a lock. 
should he installed. This may be used in conjunction 
with a manhole ring and cover (see Figure Zj. The fill 
assembly or manhok ring should be marked with prod- 
uct identification and tank size. This can be done either 

0 
by using ii color code, or by having the p:odr?ct n x n r  
stamped or applied to the fixed portion of the fill ab- 

sembly. or both. 
(ti) A float activated vent valve should be installed in 

the tank to help prevent overfilling 
(i)  Vent caps should be installed. where required by 

loczl ordinances or special conditions. so as to not re- 
strict the discharge of vapors f:om the outlet. 

6. PREVENTION AND DETECTION OF LEAKAGE 

The prevention of product leaks and overfills from 
storage and dispensing systems is necessary to provide 
a safe environment for the community. employees, cus- 
tamers and neighbors; and to minimize air arid water 
pollution. Prevention of leaks should be given high pri- 
ority. This can best be accomplished by properly install- 
ing and maintaining a tight storage and dispensing sys- 
tem. specifically designed and protected for its particu- 
lar environment. 

Should a leak develop, it must be detected promptly. 
This can be done through the daily preparation and 
reconciliation of inventory control records. and recog- 
nition of the symptoms of leaks. For inventory control 
procedures, the reader is directed to API Bulletin KO. 
1621. Recommended Practice for Bulk Liquid Stock 
Control at Retail Outlets. 
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TYPICAL PLOT P L A N  SHOWING POSSIBLE TANK L O C A T I O N S  ... . . . .. .- . . _ _  - .. - . . - . ..... .. - - .. .... _. - .. . - ___-_-.I__I.__. -- _. . . I __ _ _  

0 .  

I .  ROUTE OF TRANSPORT REQUIRES MIN. 50' TURNING RADIUS. 

2. NO "BACKING" REQUIRED FOR TRANSPORT. 

3. PRODUCT LINES ARE A PRACTICAL LENQTH , FOR EITHER 
SUCTION OR REMOTE PUMPING. 

4 .  RECOMMEND PAVING OVER TANKS AT EITHER LOCATION.  
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P I P I N G  D E T b I L S  FOR T A N K S  -UNDER COMCRETL 

n P E A  GRAVEL FOR NON- (ICALE NOTE' ELIMINATE CONC. SLbB IN NON- 
M E T b L L I C  T b N K S  (OR rRA*Fic AREAS a CONSTRUCT 
YFR. APmOIRD ALTERNATE) cowc. mDs mer) AROUNO YUI- nous. TnE LXTR ANOL CHECK 

RISER IS  NOT REO'D. d E A R T n  
- 1 

F I G U R E  3 
TbNK P l P l N C  D E T A I L S  * SUBMERGE0 SYSTEM 

VENT LINE TO APPROPRIATE 
. LOCATION ( S U R  TO T A N K ) ,  

NANIFOLD A S C I .  

ILL PREVENTIOM 
VENT VbLVE 

- FILL TUBE 

PUNP 6 Nor0 

P I P I N G  DETblLS FOR TANKS - UNDER CONCRETE 

n PEA GRAVEL FOR NON- NO S C A L E  NOTE: EL IMINbTE CWC.  S U B  I N  NON- 
METALLIC TANKS(OR TRbFFlC bREAS (L CONSTRUCT 
YFR APPRWED bLTeRNATC) CONC PADS (ONLY) AROUND YH.'S. 
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MISCELLANEOUS DETAILS ._ - . - .. . - . .. ... . . . __ .... . .. . - . . . . __ __ . . . - - . - --- - . - . - -. _ _  - __ . - __ -. - . . .. -. 

IISUND a VENT TERMINAL) 
NO SCALE 

GRbDE 

SCREW OR EX 
TYPE ANCHOR CONCRETE ELL 

(OR DEADMAN) 

NOTE: SEE MANUFACTURERS RECOMMENDATIONS FOR 
ANCHOR AND INSTALLATION INSTRUCTIONS. 

I N  STA LLATl ON TAN K 

A P E A  GRAVEL FOR (WHERE SUB- SURFACE WATER CONDITIONS 
EXIST .I 

NON - METALLIC TANKS 
NO SCALE (OR MFR. APPROVED ALTERNATE) 
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F I G U R E  5 _____._ 
P 2 M P  ISLAN 'J  P I P I N G  - S U C T l b h  8 SUBMERGED 

b lUPACT VALVE W S T  BE INSTALLED SO T?lE 
SHEAR SECTICU IS  LEVEL WITH TOPOF 
PEDESTPL ISLAND. THIS 15 IMPORTANT 
Foi( PROPER FUNCTIONINE OF VALVE. 

PUMP, '. .. - PEDES~AL 
-._ 

RISER 
' d  
.I 
f l  - * .  . . .  

PROWCT LINE SWING JOINT 
F R M l  TANK FROM TbNK 

PUMP, -! -- 7, , . PIPE CONN. W/ UNION . '. .. - PEDES~AL 
-._ \\. 1 . k 

' !  ' NIPPLE . 1_1 _.. ,.IMPKT VALVE 0 . PUMP ISLAND., '.- 

RISER - * .  . . .  
PROWCT LINE SWING JOINT 

F R M l  TANK FROM TbNK 

S U C T I O N  PUMP SUBMERGED PUMP 
P l P l N E  DETAILS  P IP ING DETAILS 

NO 6C.U no .CUI. 

F I G U R E  6 

-- T Y P I C A L  R E M O T E  P U M P I N G  S I P H O N  S Y S T E M  -~ 

Tnis PCINT MUST BE VENT LINES 
' niGnEsT MINT O F  

I SIPHON LINE 

PRIMING LINES 3/B " TUBING . 4" FILL (L 6AUGE PIP€ 
pump AISE-Y ., 

PROWCT PIPING 
TO PUMP I S L A H W  

SWING JOINT 

sipncu T O   ABOVE 
TANK B b r T O M  M I N j  M TbNKS IN CUSHION 

OF GRAVEL OR SAND 
M C K F I L L  WITH SAME 
MATERIAL TO BOTTOM 
OF PAVING (PEA GRWEL 
FOR NON'METALLIC TANKS 
OR MFR. APPROVED ALT.) N O T E S  

I. TANK BOTTOMS m BE AT SAME ELEVATION 
2. SWING JOINTS TO LIE INSTULLE0 WITH bPPROXlYATELY 

3 BOTTOM Of SIPHON STUBS TO BE AT SAME ELEVATION. 
45' BEND WITHOUT TWISTING. 
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_. T Y P I C A L  SUCTION DUM? SIPHON SYSTEM .- 

ANGLE OR EXTRACrOR r,SUCrlON LINE 

. _.: CHECK VALVE --_ - 
!! PITCH I/B" PER FOOT>- 
I \:---=xi+ 

UNION 
SWING 

2 .  TANKS TO I -  OR MOREPUHPS 

SUCTION LINE - 
UNION TYP. 

CHECK V%V% 
,EXTRACT R ANGLE 

ISOMETRIC OF 3 - T A N K S  TO I - O R  MORE PUMPS ~- 
ANGLE OR EXTR4CTOR 
CHECK VALVE \ 

PITCH I / O "  PER FOOT - 
SWING JOINT 

UNION TIP. 

,UEEP STUBS AT , SAME ELEV4TlON 

3 -TANKS TO I- OR MORE PUMPS- - 
0 WHEN EXISTING U.G. T4NKS.THE llOTTOYS OF WHICH ARE 

NOT ON THE SAME LEVEL ARE TO BE TWINNED. B O T T O M S  
OF SUCTION STUBS MU& BE Ow T H E  SPWE LEVEL.  
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Cathodic Protection of Underground Petroleum Storage Tanks and Piping 0 Systems 

1. Foreword tricallv connected and thev must also be in contact with an 
~ ~~ 

electrolyte. There are, therefore. four components in each 
electrochemical corrosion cell: an anode. a cathode, a me- 
tallic path connecting the an& and cathode, and an elm- 
trolyte (See Figure I). 

Persons planning to construct an undcrpund storage 
facility. replace existing underground storage tanki and p ip  
ing system. or cathodically protect existing underground 
storaee tanks and DioinP should refer to aoolicable local. - .. I .. 
state and feded  fire, safety and environmental regulations 
as well as the following publications and material: 

e At the anode the base metal goes into solution (cor- 
rodes) by releasing elecmms and f&g positive metal 

API 1615. Installuion of Underground Prtroleum 

e API 161 I ,  Reconuncndrd P m ' c e  for Bulk Ltqukl Stock 

e NFPA 30. Flammable and CombuAzible Liquids Code 
e NACE RP-01,69. Control of External Corrosion un 

Underground or Submerged Metnllic Piping Systemv 
e Nutional Electrical Code 

The information in this bulletin may be used by anyone 
desiring to do so. but the American Petroleum Institute shall 
not be held responsible or liable in any way. either for an) 
loss or damage resulting therefrom, or for the violation of 
any federal. state or municipal regulations with which it 
may conflict. 

Storugr Svstems 

Control ut Retail Outlets 

It. Scope 
This bulletin covers two methods for providing cathodic 

protection to buried steel petroleum storage and dispensing 
systems. Its intent is to provide information specific to steel 
structures buried at service stations such as motor fuel stor- 
age tanks and delivery piping, waste oil tanks. heating oil 
tanks. and automobile lifts. Information presented for ser- 
vice stations is not necessarily applicable to buried tanks 
and piping used for other purposes. Thii bulletin ib meant 
to serve only as a general guide to marketers, architect\ and 
engineers interested in cathodic protection of underground 
petroleum storage anddispensing systems. Specific cathodic 
protection designs arc not given. Such designs should be 
developed or reviewed by a qualified corrosion engineer or 
a penon thoroughly familiar with cathodic protection pnc- 
tices. 

111. INTRODUCTION 
Corro\ion may be defined as the deterioration of metal 

due to a reaction with its environment External corrosion 
of buried steel structures is an electrochemical process. For 
the proces\ to occur. areas with different electrical potentials 
must exist on the metal surface. The,e areas must br elec- 

ions. 
e No metal loss occurs at the cathode. However, other 

chemical rractions occur which consume the elecvons 
released at the anode. 

e The metal path connecting the anode and cathode con- 
ducts ekctrons generated by the chemical cornion 
reactions at the anode to the cathode where they are 
consumed. 

e Positive current flows through the electrolyte from the 
anode to the cathode to complete the electrical circuit. 
In the case of buried structures the elecmlyte is moist 
soil. 

Corrosion is usually not limited to a single point as shown 
in Figure I .  In the case of general corrosion. thousands of 
tiny micro corrosion cells may occur randomly over the 
metal surface resulting in relatively uniform metal loss. In 
pitting attack the individual corrosion cells tend to be larger, 
and distinct anode and cathode areas can often be identified. 
Metal loss may be concentrated within relatively small areas 
and substantial areii of the surface may be unaffected by 
corrosion. 

Both metal composition and environmental factors may 
determine which areas on a metal surface become anodes 
or cathodes. Steel is an inhemtly nonhomogeneous material 
and for a particular environment. potential differences be- 
tween adjacent areas can result fmm uneven distnbution of 
alloying elements or contaminants within the metal struc- 
ture Differences in weld material and the stn1 plate can 
also cause corrosion cells. 

Physical and chemical properties of the soil electrolyte 
may also influence the location of anodic and cathodic areas 
on the metal surface. For example. differing oxygen con- 
centrations at different arcas on a bund steel structure may 
generate potential differences. Areas with low oxygen levels 
become anodic areas and areas with higher oxygen concen- 
trations become cathodic areas. This may result in more 
severe corrosion attack at the bottom of a b u n d  tank than 
at the top of the tank since oxygen concentration in soil is 
primarily dependent on diffusion processes (See Figure 2). 
The same mechanism can also contribute to corrosion in 
areas where clay or debris contact a steel tank buried in a 

1 



ELECTROLYTE 

FIGURE 1 ELECTROCHEMICAL CORROSION CELL 

PAVEMENT - 

TANK 

- 
MOIS r OR WE r SOIL 

- - 

FIGURE 2 CORROSION CAUSED BY DIFFERENCES 
IN OXYGEN AND hlOlSTURE CONTENT OF SOILS 



3 - CATHODIC P R O T E C T I O h l ~ ~ ~ ~ R O U N O  P E E E U Y  STORAGE TANKS - 

\:ifid b . d t i l l  or \+here 3 tank is  huned in tkti di l tc~wt  t!pe\ 

Sail charxtenstics \ub\tantially affect the t>pe and rate 
of corriision occurnn$ on buried ~ ~ N C ~ U W  Fiir cronple. . 
di\rolwd d t b  influence the current cam in$? cdpdcit) of th: 
\ o i l  ekctml!te and help determine reaction rates at anodr: 
and cathode seas Soil muisture contep.t. pH Inleawe ot 
acidit)). and the presence of sultides a1w influence corro- 
sion These factors, and perhaps others. interact in a com- 
plex fashion to influence corrowon at each location. 

Corrosion processes described above are often referred 
to as gilvanic corrosion. In addition to galranic corrosion 
stny current and bimetallic corrosion m y  also be encoun- 
cered on buned steel strucmres. Like galvanic corrosion. 
these corm\ion processes also involve electrochemical re- 
actions. 

Stny currents arc electric currents which tnvel through 
the soil electrolyte. Direct current (DC) stmy currents 

,>t so11 tsce hguw 3) 

. 

a x  the most curnrniiii m d  yo[ent,alI> t h t  nimt i i m -  
: l y e  l h w  cdm=nt, arc generdtcd from gruunded Dc 
electnc pouer opentiom incluJing electnc railruds. 
subwa)~. welding machines and catinodic protection 
s)srernb. Stray current, rniy  enter.^ buned meml \INC- 

nlre and tcdbel through the IOU rcsi*tdnce path of the 
maul tu an area on the structure closer to the current 
source. Current leaves the \INCIUT~ at thib point to 
return to the source through the wil electrolyte. Cor- 
rosion occurs at the area where current leaves the s t ~ c -  
cure (See Figure 4). 

0 Bimetallic cormsion occun when two metah with dif- 
ferent compositions are connected in a soil electrolyte. 
For example, bimetallic corrosion c3n occur uhere 3 
hronLr check u l v e  is joiiied 10 >feel piping or uherc 
galbanired pipe is connected to il steel tank. In the 
bronze check valve/skel pipe ex~mple. the steel pipe 
becomes the mode and the bronze check \alve is the 

FIGURE 3 CORROSION CAUSED BY DlSSlMllAA SOILS 



7 BUS POWER WIRE 
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FIGURE d STRAY CURRENT CORROSION 

cathode. Since current takes the path of leaat remtanze. 
the most severe curroIioii attack on the steel pipe ucciirs 
in the area iniinedrately adjacent to the ch:ck valve 
(See Figure 51. 

Corro5ion of buried areel sm~cfures may be elimiiiatd b) 
proper applicmon uf cathodic prorectioii. Cdthudic prorec- 
titin i s  a technique for preventing corrosion by nidkins the 
cntirc w i x e  of the metal to be protected a cathode of an 
clectroche:n!c~~! cell Cuirmion IS nut eliminated. I t  IS a i m  
ply trmsfered from the metal a u i l k e  to an cxternal anode 

There arc 1\10 niethoda of applying cathodic protection 
to  underground metal structures 

0 Sacrificial ur plvai i ic anodes 
0 Impre\ied cumnt 

Fur s~cnficial ur plvai i ic anode syatems. il metdl aoade 
nitre negati.re than a a r l  in the galvanic w ieb  (%e Table I 
for a partial galvanic series) is electncally connected tu the 
structure to bc protected and buried in the soil. A gilranic 
com)sion cell devclopb and the active metal anode cumdes 
(is sacnticed] while the ~tmcrure becomes cathodic and is  
protected As the prirtective current enters the stmctuie i t  
oppusc\. oveicnmeb. and prevents the Ilow of m y  cum~\ioii 
ciirrcnt from the metal \tructure. The protective curr%t tfien 
rcturnr tu the sxriticial anode through a inetallic wnductar 
(See Figure 6) 

Ad ran tap  of s.iurificiol anode c:thodic protection jys- 
teni\ include. 

0 No e x t ~ m i l  power wpply is iiucesw) 
Instd!xion i s  rc latwly eaay 

0 Cod\ .ire low foi low current n'uuireinent si:wtiaii> 

Table I 
PRACTICAL GALVANIC SERIES 

(Neutral Soils and Water) 

METAL VOLTS 
(REFERENCED TO 

COPPERCOPPER SULFATE) 
Commerciallv oure Maonesium -1 75 

zinc 
Aluminum Alloy (50:.Zn) 
Commercialry pure Aluminum 
MJd Steel (Clean and Shiny) 
tMd Steel (Rusted) 
Cast Iron 
Lead 
h!l!d Steel in Concrete 
Copper. Brass. Bronze 
Hiah Slitcon Casl Iron 
MI Scale on Steel 
Carbon. Graphite. Coke 

- 1.6 

- 1  1 
- 1 0  
- 0 8  

- 0 5 t o  - 0 8  
-02ro - 0 5  

-0  5 
--0 5 
- 0 2  
-02 
-02 
- 0 2  
-03 

Mainteiiwce costs ;ire minimal after i n d i d i o n  
0 lnrerfcrence problems fstray currents) on foreign struc- 

0 Sasnlicial anodes may be aLtxhcd directly to new. 

Did\antape ,  of sacrificial anode cathodic protection 

0 Liniircd driving potential 
Lmv current output. preventing prutection ut other 

0 Suhiect 10 soil rc&tivitv limitation, 

ture> are rare 

coated t m h  hy tank manufxturers 

sy,tems are. 

\tructurea 
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METALLIC COKDUCTORS WITH THAEADkD CONNECTlONS 

FIGURE 5 BIMETALLIC CORROSION 

PAVEMENT -x 

SOIL ELECTROLYTE 

+----- 

FIGURE 6 SACRIFICIAL ANODE CATHODIC PROTECTION 



.. 
0 Pos~ibilit) of a shon lifc 

The s~cond method of apppl)ing c:lthoJic protection to B 
0 

buned rnewl >tructure 13 to use impr?sscd current from ..ii 

extrrnal w m e  F i p R  6 illustrates B t)picd instdlation nf 
tli!s tkpe usins an AC power supply nith ii iectifier. Tlx 
DC current from the rectifier ilons through the mil to the 
stntcture from a buried electrode In this c~se rhtrc is no 
need for the anode itself to corrode t o  provide LurrCnt io 
the dructure. so impressed current anodes are typicdly mJde 
of relativel> inert materials. . 

Aduntages of impressed current cathodic protection s p -  
tans  are: 

0 Large driving potential 
0 High current output capable of protectinp other un- 

derground steel structures with a low operating cost 
0 Possibility of flexible current output control 

o ?\pplicdIilit> I C I  almust iiny soil resistivit) 
0 C.ipahle of protectin; large bnre \ f e d  mxtures 

liiip:.'~scd cum-nt cathodx protection \)stems have the 
C,lll<lulrig hsadvantages 

0 hlay cilu~r: interference pniblems lmq currents) on 

o Possible to deliberately or unintentionally snitch off 

a Systems must he monitorrd and mnintaincd on a reg- 

foreisn structurs 

current and eliminate protection 

ular whedule 

As indiuted by the advantages and disadvantages of sac- 
riticisl 3nd inipreudd current systems listed abobe. the type 
of sy\tcm \elected for n pmicular location may depend upon 
ii number of factors In general. sybtems anddesigns selected 
hhould provide cornsion protection while optimizing in- 
stallation. maintenance and operation costs. New. coated 

A C  POWER 

A RECTIFIER 
I ,  I I  - - I - :y 

PAVEMENT - I 

FIGURE 7. IMPRESSED CURflENT CA-THODIC PROrECTlON 



t.mhsaiid piping nu? be protected by eiiher +win.  %hcr.:Jb 
e\i.rin$ i iwal la ionk will normally require iinpre\\cd C U I T G ~ ~  

s).iuml Since complete corrosion pni:ectiun of hurrcd 
~tmctuie~ under cathodic protection depends upvn proper 
p t e m  d*siSn, it i s  recommended that cathodic pruwtwn 
*).stems should be designed by qualitled U J ( ~ \ I O I I  cnyinwck 
or other penons thoroughly familiar with cathdic protw; 
tion 

Condemion 5huld be given to the foliowing fxtors In 
dcdoping c a h d ~ c  protection desigm for buried >tructures 

Soil resistivity 
&sent and future cumnt Guirements 
Life of the cathodic protection system in relation to 

PreJence of 5tny cumnts 
Anode placement toprovlde uniform protectivecurrent 
Condition of the ~VUcNres to be protected. Are [key 
new or old. coated or bare 
Selection d ' a  system to minimize excessive current 
output which can h a m  structure coatinp or produce 
interferences with nearby buried structures 
~ehdbiliiy of cathodic pmtection system cornpnmu 

In borne instances on-site surveys may be required to 
ohtain information necessary for specific designs. In other 
caes designs may hr, sufficiently versatile to cover :he wide 
range of conditions nvrmally encountered. 

The inbullation of cathodic pmtemion systems inwl-.es 
the use of H ire conducton conwting anales and stmctum. 
anwits and test stations. and anodeJ and rectifiers. The crrct 
location of wch wiring and iuwdea shouid be canfully iden- 
tified on a plot plan of the facility. and a copy of this plan 
should be main~ained by the owner 

the intended life of the  structure^ to he protected 

iV. Sacrificial Anode Protection 
Corrcnion protection with sacrificial anodes may be u-d 

in preference to an imprrssed current sptrm uhere cumnt 
wyuireinenn are low. Magnesium anodes arc rnmt <om- 
nwnl) uxd although zinc analn: may be employed tu ad- 
*anta$e in low remtivity wilb. Low driving \oltagc$ ad 
low current our-puu (uwl ly  less than 0.10 xnphcm per 
anode, geenenlly limit smificial anodes to cathodic protec- 
tion of uell coated structures. New imtallationz involving 
costed tanks and& diatributmn pipins we pmiculxlly ame- 
nahle to sacnficial anodes for providing cnmain protec- 
tion. 

Undersmund Sordge tanks are available IrOm tank mdn- 

uhcturers with S X R ! ~ C I ~  anode cathodic protewun >y\ternk 
already attached. Cumnt requiwmenb are minimized by 
plant application of lung-lasting corrosion reustant coatinp. 
Sacrificial anodes are altdched at the plant with andc weight 
and size determined by the tank wze. Non-conductive hush- 

insi and tlan:e_r.2 aic provided with e x h  tank h, insulac !he 
tanh truni any extra current dcmanJ f i l m  i r * i i t d  m:rJI 
pipin; These bushing, and H a n p  mutt he u r d  io protect 
the tank and rnnnuin the supplier's WdrrJnly. TIis?s UnLs 
nic?) also br obtained uith phnt inzwlkd IN IC& which 
fmlivite tieill monttorinp of anode cumnt output and rank 
to sud potentkl. 

Thehe pre-engmerrcdcathodic protection >),terns for new 
unh \we dereloped 10 satibfy rcquirzrnenu Cur niusl \oil 
bituuionb. ln wine in&nces. buch is locations wth IUH 
soil rwsthiiy, the life of these +>rtems ma) not be a long 
as expected. Conditions under uhich long term cornxion 
protection is afforded should be determined by purchaws 
and compared uith conditions prexnt at proposed instal- 
lation 5ites. 

Tanks with pre-engineered cathodic protection systems 
must be given cmfui handling dun% mrpor t~ t ron  and 
imtallation u) protect agaimt coating damage w rupture of 
anode pwkages. Anode wires, test leads, tank coating and 
tank idation bwhings should be inspected for obvious dam- 
age prior to final installation. As with any cathodic protec- 
tion system, a regular monitonng program after in.itallation 
is neceswy to determine that comion  pmtection is being 
maintained. 

Feld installed wrificial a i d e  cachwlic protection b p -  
terns may albobe used to protect neu or existing ~ c l l - c o ~ t d  
ranks 3 d  piping. In gene&. a coal tar coating nruunely 
applied to stwl petroleum btofagt t.dllkS should nut be con- 
sidered tu be an adequate coating for crthodic protzctm 
purpoxa. &limy of the corrosion rehisant  cwatingngs used on 
cjrhodically protected petroleum pipelines (see NACE KP- 
01-6Y) are. applicable as coaling5 for buned pcuolrrum %or- 
ase task, and dipensing piping. Etfeuive ruttngs are needed 
to reduce eumm requirements of the% stmctum to level, 
whichc3nbtsuppli~overalongterm bysacnficialanodes. 

With information on soil resiaavity. total surface area to 
be protected and coating quality. cumnt requiremcnts for 
new or txi5ting buried structures may be ehtirnafed For 
existiny ~rrucfures. if is also pvwble to quantirativel? de- 
termine cumnt rtqurrcrnmts hy electricdly connecting bur- 
ied stmiurn to a variable DC puwrr source and measuring 
structure to soil potentials vs a copper-coppcr rulfate elec- 
trodc. The obxrvpd cunenl output nemled to uchievc a 
de$ired cathodic protectton cntena may then bt used for 
designing a cathodic protection system for the structures. 

Three sacnficial anode matmals are communi> used h r  
wi1 installaions 

high potential magnesium alloy 
standard magnesium alloy 
iinc 

kVagmsium and zinc a n d m  prepackaged in chemical 
backtlll arc readily available in a numthrof w e  and weight 
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c~~i i f ipr . i t ims to probide current oiirput aiid nnode l i f e  de- 
sign tlc\ibilit!. l'hs u w  uf a chemical hdchfill with xnoJez 
IS necess+ fur reliahle operation in \ o i l  en\ ironmenis 
Chemical hackfill promotes anode efticiena) . lc i i$ia~ an- 
ode Me and heeps anodes moist. 

The number uf anodes required tor proviJinS cathodic 
protection to buried structures depend. I q e l y  lipon total 
current requirements. but cumnt distribution facturs should 
also be considered. Where several andes are needed for a 
structilre. better current distnbution (more unifmn polari- 
zation) may be achieved by. dirtrihuting thc a d e s  uni- 
fonnly around the structure. In the c a s  of neb\ tank 
insrallations. sacrificial anodes are often placed p~nllel to 
the tank walls. at or near the level of the tank bo!tom. For 
petroleum distribution systems. anodes are rjpically in- 
stalled below the piping at a depth of about tive feet. In- 
srilllarion of anodes at these locations for tanks and piping 
senes two puqmer: 

0 it helps assure anodes remain in a moist enbironmnt 
and 

0 i t  probider better current disvibutiun tu the lower por- 
tion of the buned structures where corrosion i \  typically' 
must severe 

A low re\isrance electrical connection must be made be- 
t w e n  the wucture to be protected and the sacnficial anodes 
lead wire. For new installations and where safe0 consid- 
eration- permit. powder weld connection$: (e g C~d\*eld 
or Thermit type) should be used. In some situations. safety 
factors may dictate the use of mechanical connections. Such 
connections should be carefully made since poor elecmcal 
contact will increase the effective circuit hire resistance and 
limit the amount of usetul current available from the anode. 
All e x p e d  metal at st~cturc-lead w i n  connections should 
be waterproofed and coated with electrical insulating ma- 
terial. This wil l  prevent bimetallic corrosion hetueen the 
copper wire and the steel tank i t  the sacrificial amide sliould 
fail at some time in the future. 

Current output of sacrificial anode\ i s  limited and cathodic 
protection designs typically do not pro\ ide sufficient current 
for protecting adjacent buried ~tructureb. For thi. reason. 
the structure to he protected should be electncall) insulated 
from other buned metal structures including electrical con- 
duit Propcrly installed insulating unions and bushing, are 
effestire for accomplishing electrical imolation Location of  
there in\iilating fittings wil l  depend upon the cathodic pro- 
tectioii d e q n  and the extent of  the SINCtUrC to be cath- 
odi~irlly protected These insulating fitting\ zhould be 
impectcd atter in\tallation tu insure nu damage has oc- 

W'here electrical isolation i\ essential lor adequate cor- 
rosion protection. particular care should he taken to assure 
that the *tructure to be protected is insulated from any huried 

0 

CUKed. 

iiict,illic piicder conduit. For e~aiiiple. petroleum Jimi- 
hutim piping protected by \acrifieial antider \h,vtld haw 
an iiiwliitiilg union at edsh hpznsing unit. x id  prot~ted 
undcr;rti:ind hturage t d i i  with wbncriihle pump *houlJ 
in~lu~le  inzuhting bushings betwen the pump rix!r pipe and 
the rmh. 

Then: are sewral criteria fur detennininp if adequate u t h -  
odic protection has been achieved on huried structure, The 
most coinmiin cntenoii fur underground petroleum \torage 
tanks and piping systems with sacrificial anode protection 
i s  a negatibe voltage of at least 0.85 \oh>. Thi, potentid 
i s  mebured between the structure and a utunted copper- 
copper sulfate reference electrode contacting the -11 elec- 
trolyte and nith sacrificial anodes attached. 

Routiiie S~NCNE to soil potential measurements for eval- 
uating the extent of cormion protection are often difficult 
to obtain at petroleum storage and distribution sites becausz 
thc buried ~ t ruc tum are covered by asphalt or concrete 
parcment While valid potentid measurements are pcisible 
through asphalt or concrete. special equipment and tnined 
perwonnel may be required to obtain and interpret there 
r~!sults. Mure reliable results can be obtained by inltalling 
permanent xcess manholes thmugh the pa\ement IO the mil 
at the time cathdic protection i s  installed. The number and 
location of soil access manholes will depend upon the cath- 
odic protection design and placement of sacrificial modes 
In grnenl. the access manholes should be placed to measure 
pitei i t ials m e r  the structure at points farthest from the SJC- 

r i f ic ia l  anodes or in shielded arcas 
As an alternative to making structure to \oil p~tential 

measuwments as desnbed above. long-life reference cells 
should k permanently installed in the soil near prmcted 
structures. Specially designed copper-copper suifde or 
p~ckaged zinc reference cells are commerciall) a\ailable 
for this purpose. These reference cclls are t)pically located 
nithin ~cveral inches of the structure in areas where current 
dihtribution may be poor. at points tarthest from attached 
ancider. or under the tank .4ccepmble potential reading\ at 
such Iwations. according to the criterion abwe. are a g o d  
indication that adequate comnion protection ha\ been achiebcd 
on the entire external structure surface. 

Lead wires attached to the buned reference cells ,hould 
be run to a permanent test station at the \ite to alloh easy 
attachment to te5t insmments. I t  may also be conwnient 
or neceswy to attach a t e ~ t  h d  to the buried structure and 
mii i t  to the tertst station to facilitate periodic potential mon- 
itoring. 

Structure to soil potential measurements are m J e  hy 
electrically connecting the buned structure to the negative 
teririinal of  a suitable high resistance voltmeter le.: 5t).O(JO 
ohm internal resistance or higher). The po\iti\e terminal of 
the voltmeter is connected to a properly placed reference 
cell. When a buried zinc reference cell is used. a nsgatire 
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I I \ d t ,  m n t  he added to the obxrred \oltmeter reading 
to ubuin a potential reading comparable to t h i t  which wocld 
resu!t from using a copper-copper sulfate reference c d .  

Where sacrificd anodes have been installed. their proper 
opention ahould be confirmed by a qualified pcnon withir. 
six and tuelve months of installation. and one year thee- 
after. If these tests confirm proper operation. huhsquent 
inspection intervals can be extended to five years However. 
if underground uork is performed at the protected site. 
cathodic protection should be remonitored six to twelve 
weeks a k r  uork completion and one year thereafter before 
again extending the inspection interval. Procedures used and 
data obtained should be clearly recorded and included in 
permanent cathodic protection records for the lwt ion  along 
uith the name of the p n o n  making the mea$urements and 
the date measurements were made. 

0 

V. Impressed Current Protection 
Impressed current cathodic protection is often the most 

economical means of controlling corrosion of existing bur- 
ied steel petmleum storage tanks and distnbution piping 
s) stems. It may also be used to provide corrosion pmtection 
for other buried s t ruc~res  at a location such as waste oil 
tanks. heating oil tank and automobile Iifts-ofren at min- 
imal additional costs. 

As indicated previously, cathodic protection requires a 
source of direct current. For impressed current systems, this 
direct current is typically provided by a rectifier attached to 
a conventional AC power source. (A rectitier is a device 
for convening alternating current to direct current). Dc 
output from the rectifier flows to the buried impressed cur- 
rent anode. through the soil electrolyte and onto the surface 
of the SINCIUR 3s shown in Figure 6. 

The usual cathodic protection rectifier has two majorcom- 
ponents: a stepdown transfotmer to reduce the AC supply 
boltage and Rctifying elements to provide Dc output. h i t s  
may be obrained with either selenium or silicon rectifier 
elements Both types of elements are widely uscd and pro- 
vide dependable service. Either may show c05t or perfor- 
niancx adbantages for a particular application. Small selenium 
units are often less expensive than similar silicon units but 
silicon rectitiers are generally more efficient. Silicon units 
are particularly suwptible to damage from power surges 
and protective devices ,hwld be included in these units to 
prevent lightning damage. Selenium rectifiers are not rec- 
ommended if ambient temperatures are expected to exceed 
13O'F (55°C). 

The rectilier output capacity selected will depend upon 
e\timit& or measured current requirements of the 5trucNre 
to be protected and upon the voltage needed to cause current 
to tlow from the anodes to the buried Wucture. In general, 
moderate excess capacity should be allowed for all Rctitiem 

0 

tu provide for adjuhtment flexibility dunns the life of the 
c:itlidic protection \y\tem and to prebent rolr~ge ovcrloa& 
All rcctitien ma) be damaged by bolrage oberloids. Etcess 
rcstiiicr bolragc outputs of fruin 1% to 30% above expected 
nccds are suggested tu compcnwt; for pobsible line boltdge 
fluctuations. Some e w s \  wctifier cumnt output capaity 
is particularly suggested for cos td  \tmctures. Coatings may 
dcgnde with time and incrr;c\e current requirements of a 

Careful consideration should be given tu loc;ump recti- 
ficn. Efforts should be m d e  to place the units in areas not 
suxeptible to accidental or malicious damage. since no 
corrosion protection is provided by an impressed cwent 
s!stem if the rectifier is inoperative. Whenever possible 
rectitiels should be mounted within a secure building and 
in a spot which allowr regular and convenient monitonng 
of meters and indicator lights. All wiring to rectifien must 
comply with local and national electrical codes. 

Rectifiers m available with optional equipment which 
facilitates periodic monitoring and provider an indication 
that poHer is available to impressed current anodes. It is 
suggested that mt: equipmun l i d  below should h: mounted 
on the front panel of each rectifier cabinet: 

0 Green and red signal lights to indicate proper/improper 
rectifier operation. 

0 A volt-ammeter for measuring rectifier voltage and 
current output. 

b A non-resenable elapsed time meter with a minimum 
hour capacity of 99.999 hours. 

0 Warning sign stating that this is a cathodic protection 
rectifier and that corrosion of underground structures 
can result if power to the unit i5 shut off. 

Optional audio alarm signals. which sound if a rectifier is 
not operating properly. may be useful in some situations. 

The AC power source to P rectifter should be isolated to 
an individual circuit breaker on the main electrical panel. 
This breaker switch should have a tab-lockout bracket in- 
stalled, if permitted by local code. to prevent inadvertent 
switching+ff of the rectifier. Rectifier cabinets should be 
sealed or padlocked to prevent unauthorized entq to the on- 
off AC circuit breaker and other exposed high voltas 'I con- 
tacts within the cabinet. 

Several materials arc used as impressed current anodes. 
The most common are: 

0 graphite 
0 high silicon cast iron 
0 platinized niobium, tantalum or titanium 

S t N C t l l E .  

Each an& material has an optimum current density which 
pruvides maximum anode service life. Anodes mdy be lo- 
cated in remote ground hcds. in deep uells. or distributed 
closely about the ~IrucIure to be protected. The latter tuo 
designs may be required to: 



7. American Petroleum 
Institute. Wnderground Survey 
Resultsv1 as reported by F. B. 
Killman to API to Underground 
Leak Task Force, API, 
Washington D.C. February 5, 
1981, as cited in Technology 
for the Storage of Hazardous 
Liquids - A State of the Art 
Review, Department of 
Environmental Conservation, 
Albany, New York, January 1983 

Index to Rulemaking File Underground Storage Tank Regulations Title 23, Waters 
Division 3, Water Resources Control Board Chapter 16, Underground Storage Tank 
Regulations 



. . 
. .  - _ ,  . !  . .  . .  

;. .. . {;TE c H N o LOGY 

I ; ?  

./ t 

. '  

. .  
'1 FOR THE STORAGE. OF ;;\ 

r i  HAZARDOUS LIQUIDS 
/ \  . _  

i :  

A Statdf-The-Art Review . 

:.:' ,: .>-. 

. .  
* . .  - .  . .  . .  .. . .  . _ .  4 

i 
.,... ,. 

i 

. .  

. .  

.F . .  . ,  
--2 

.. . .. .. 

a NI:..~ Y m k  5 I ~ t c >  
OL ~)~p,irtrnc-nt of Environmental Conservation 

. .. 



.- .. 
. . .  

. .  
. -  

... 

. . . .  

TECNNOLOGY 
FOR THE STORAGE OF 
,HAZARDOUS LIQUIDS 

A State-Of-The-Art Review 

. .  

.. . r . . - 2. ;- . .. 
i . r,.. . NEW YORK STATE - .  . . . .  . . .  .. >. . . .  , DEP4RTXIEXT OF EX\IROShlEXT41. COSSERVATION 

I .. .. DlVlSlOS OF N'ATER 
BCREAU OF WATER RESOURCES % '  . .  - -  .... ,_ .. .. .... : . . . . . .  . . -  ALBASY, SEW YORK . _  . - 

JASUARY 19R3 



. .  . . .. 
x . . -  . . . .  

.. 
r 

.Lacks on drain valves and FXPS for cheniicdl 

.Television monitoring. 
. s:orage tanks: 

_. 
. .  

3. Below GroundStorage SFstems [l.5,10] 

. Undcr,pund storage systems arc rurcepttble to 
leaks and spills from the same ppec of causec as 
above-mound storage systems. and. ji. general. the same 
methods of spill and lerk control at= applicable. In the 
case of thse systems hnuwer. data ndtcater that corro- 
sion and poor installation art  by far the most common 
causes of storage system leaks and sp!!lc [ l . l O ] .  For ex- 
ample. the American Petroleum 1ci:itute (API) cun- 
ducted a sumey of 1,717 underpun?. tankc and piping 
systems that were knoun to he Icdlting. The data vas 
collected via que\tionnaire from I9T through 19x0. A 
categorization or the reponed leaks is di$pl.i!cd in Tahle 
1.1-3. Since no d;cta haw exists in tks study concerning 
thc nutnhtr or age of :he varinus t y s  of tanhs i n  the 
Fround at the time of this suney 0: the average ages 
of each rypc of tank. the use vf the n.dy for cornparmy 
typcs of tanks i s  meantnglr\s. Muc5 \Auah:e data is 
contained in the study but any arterr.$ to compare tank 
types would he il mixuse of the data. 

The life cxpectanc) of any $\ea t m k  is difficult 
to predict. Experience hns shuwn tha‘ underground stcel 
tanks have a finite life. hut this life % variahk hetnecn 
5 and 1 5  ).cars depending on the #hicinekc of the rtecl. 
tnstallaticin practices. soi l  ‘resistivity. pH. \ o i l  moisture 
le\cl. the pxscnce of sulfides. the t : ~  of hackfill ma- 
terial used. and the tank size. The ererage life ehpec- 
lancy of :here tanhr is about 1.5 lean. hut age hy itself 
is P pxrr indicator of tank intc;ritx. 

The causcs of leaks in steel la-,ls. as dctcrmincd 
hy Ihc API Leak Su-vcy. arc shown in ‘I’ahlc 1.1-1 .  
ovcrdll. roughly 91 percent of the lczks in steel tanks 
were cawed hy cmcxiuion. Olher caties included loose 
~ ~ I I I S I ~  and physical hreakapc. Oi the 3 leahing 
fihrrgla.;* ~uih includcd ‘in the wnc:. 9 hid dip w u k  
punrtures. J had breakaye fnvn im::npr.r h;indling. I 
had 3 hackhir puncture. and 14 had rqvrienced ph)s- 
ical hteakage or uparation due to other cduwc. For pip- 
ing! systems. cnmosion was also the WISI wninion cauce 

r:liiic 1.1-3 

I.ed,s by Suitrcc Categories 

SOllI CL! 

1:npiotcctcd Steel Tanks 
Sku1 t m k c  with 
Imprewd Curtent 
Steel tanks with 
Sacrificial Anodes ’ 

Interior Coated 
Sled Tanks 
Fiberglass tanks 
Steel piping 
Fiberglass piping 
Steel piping with . 
lmpresscd Current 

Sub-Total 
Unspecified Tanks 
Un\pecificd Piping 

Total 

S(ourcc Kctrrnuc to 

!I I .: 

I .: 

0 

7 

28 
454 

50 

7 

h2 

0 9  

00 

0.5 

I .9 
30 8 

3.4 

0 5  

1472 

216 

29 
1717 

I00 

Tahle 1.1-4 

rawer  of Leaks in Stcel Tanks 

Percent 
Cause ’Total of Total 

Corrosion 7 5  90.7 

IAW Fittings IO 1 2  
I’h!\ical Hrcakage 14 16 

55 6.4 

. Sub-Total %54 99.9 
-- Other 

tinlnown or unanswered 59 

IO 
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Table 1.1-5 

Cause of Piping Leak , 

Percent 
Caur humbcr ol Total 

Coirozion 343 h66 

Flex Connector Fdure 31 6 
Physical I3rc.ihagr. 34 66 

Loose Fittin:> 57 11.1 

Other . .  50 9.7 -- -- 
S u h-Tuta I 515 'loo , 

Unlno\vn or L)n:insvcrcd 25 

Note Thc.re t:ihles emphasize the  importancc of 
curro\i,rn a b  ~ c a ~ i ~ c o f s t o i a ~ e ~ ~ ~ t c m  leaks. 

I I  

.. - .  . .. 
. .  . - * .  . .  1. Corrosiun 3lechanirms. 

. .  
As stated above. the corrosion of mecllr is prim&- 

ily an electrical process; it may lake the form of ciher 
galvanic or electrolytic corrosion. As shown in Figure 
I. 1-7. elcctrobtic corrosion is  a result of direct cumm 
from outside sources entering and then leaving a par- 
ticular nictd )tructure by way of the elect:olyte (sur- 
rounding material. such as soil for underground SUE- 

tures or water for submerged SlructUItSJ. The SCIUCN~: 
is uwd ly  unaffected or IS provided vi:di ~~~~~~ de- 
of prutection ar the point the current enters (the CathLdk 
area). Corrosion occurs 'where the cumnt leaves rhc 
structure (the modic area). In underground structures.. 
;hi,, type of corrosion i s  often referred tu as stny cur- . 
rent cornison. and i s  a result of cumnt entering the 
ground irom suurcrs of DC current such as street rail- 
ways or DC machinery. 

The mechanisms of gdvanic corrosion are. illus- 
trated in  Figure 1.1-8. Galvanic corrosion is a self-gen- 
elated activity resulting from differences in elecmcal 
potential that develop when metal is  placed in akclec- 
trolyte. These differences in  electrical potential can R- 

sult fiotn the direct coupling of dishimilar metals,. or 
they can result from variations in ciinditions which exist 
upin the sur fxe of a single metal. The variations could 
include: 

*Vanations resulting from nun-homogeneity of the 

*Diffcrcnccs which eust within the electrolyt&. . 
When twu dissimilar metals are connected elecui- 

cally and immcrscd in  an electrolyte. as shown in  Fig- 
urc I 1-8. cumsnt wi l l  be gener:ited and galvanic CORD 

hion wil l occur in one of the nietals. Current from the 
cornding nieol w 111 flow into the electrulyte:.uver to 
the non-coding metal. and then back through h e  con- 
nection between the two metals. The corrding klal 
(the one from which curnnt leave\ tu enter the el& 
lyte) is known as the anade: the metal which receives 
current is  known as the cathode. Table 1.1-6 showr.chc. 
anodic-Cathodic (galvanic) series of various me~A.. . c: 

Alternately. as stated prcviuusly. the s a m c . d .  
can dewlup difference, in putcntid. and. a s  a<redt. 
portion\ of the surface of that metd become andcGih  
rc\pect to the remainder of the surface. As shown jn 
IiFurc 1 . 1 4 .  corrohn wil l  occur at these ;mdciixa- 
t1011\ . .  

Electrolytic and ghan ic  currowin are s i n i i h  in 
th;it corraiwin . h a y 3  ticcur\ at the antdcs. The.csscn- 
t i ~ l  difference hetwern the t w o  i s  that in  e lecmlv jc  
coirt i* i~i i  i t  i s  the external cum-nt which pcnerAta.the 
corrohitin. wherea, in gd\*anic currown i t  i s  t h + ~ m r n  
w i n  .ictivity which gecer.ites the curnnt. .. . ~ . 

.. ..'.T . .. .I 

metal. 

_- 
. .. 

. .. ._ - . . .  .- * 
- .  ._ . . 

3. 
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Corrosion Allowsnce. Often corrosion is antici- 

pated, and items are constructed with enough metal to 
allow for cormsion to proceed to a point without inter- 
fering with the normal function of that item. An exam- 
ple of such a cormsion allowance is a. tank whose de- 
sign thickness is such that appreciable cormsi~n can be 
tolerated before a leak or tank failure will occur. 

Corrosion-Resistant Materials of Construction. 
corrosion can alho be controlled through the use of cor- 

.rosion-resistant materials of construction. Examples of 
such items include special alloys, fiberglass reinforced 
plastic. and fiberglass reinforced plastic coatings. Spe- 
cial alloys are most often used when difficult-to-contain 
fluids are to be hmdied. Stanless dccl IJ a11 exmple 
of such a material. Stainless steel ia a f m i l y  of alloys. 
The corrosion reristant properties of the. specific ma!e- 
rial choen for the containment vessel should he appro- 

’ 

~. .. 
. .  . . -. . . .  

I .  . .  priate for the material being contained. 
From the perspectire of corrosion. miwure. . .  

fiberglass reinforced plastic fFRP) tanks arean effective. 
means of storing many fluids in underground storsge: 
systems, most norably petroleum products. Thev tank 
are not subject to corrosion and are s h w g  enough lo. 
withstand moa wild and other loading s m s a  when 
they are properly installed. The importance of pnopcr in- 
stallation of FRP tanks is discussed in furthcr &I in 
Pan 11. The FRP piping is also applicaMc in (hwc types. - 
of Situations. ... . . r -  . _.- -__. 

Fiberglass reinforced plastic coatings arc aho.avoil-- . .< :, : 
able and generally consist of thick (on chc order of % ”_ :. 2 
inch) coatings applied to s ; d  tanks. The concans ex- ;. ’?;: 
pressed above and elsewher: in this document regarding .. ::;: 

. - 

. .  .. 

ihe use of coati 
~~ 
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Standard Practice for 
PREPARING, CLEANING, AND EVALUATING CORROSION 
TEST SPECIMENS' 

~ d k . ~ w d a r l k  rwd&&wionO I: IL nrrbuimndrul) foUowqlhcdes@akim4iptcstbe s s  
~&dqa08a. u tL syc d m h .  tht pu dluc mnmn A numb" m pmIhuesUd*ualhc )nrr d U  

Lsnce  
1.1 This pn*ise gives suggested pmadura 

b r ~ b . r c . d i d m c u l a p f i m a D I f o r  
!abmmy co-n tests, for removing c o r n  

d lor evaluating che conorion bmry chat j mocc\urcd.hpb.riris@ace+mpdm 
RIIIUI IO tbe evaluation of comosion by mass 

NOTE I: CmUom-ln man CUCI ~ h c  cormion 
u(I t k  rrrctive A ciuniurn and ziirso 

I by chnni 01 ordinq Nehanial mana. 
rucb UYI. mrmm nM are aublkhed 
t p i a  nlhn than weight lar 

riprpmdunr.Anch~Whukcncomp*tc4 

I p r r d  p i l c i n g ~ m e n r r  

hrrd and tightly bonded oxide t h u  Mi 

1 Appliubk Dacvaew 
2.1 ASTMSfand& 
A262 Recommended Raclicc for DclffciDs 

Surceplibility to Intergranular Muck in 
Slahllw SlCtLZ 

D 1354 Corrosion Tal  for Engine Cmlanu 
in Glassware' 

0 3 1  Rmwmmeadcd Practise for bboratory 
Immersion Corrosion Testing of Mctak' 

646 Recommended Practice for Eaamina- 
lion and Evahation of tilting Cornsion' 

1 S- and Use 

IPpliablc to this practice. 

4 b p h g  

3.1 A significance and u x  statement IS not 

41 The bulk sampling of products is wUi& 
oflhrr pracliLx I 

U l  

5. M d w d s f w P r r p o r L I ~ T o r T e s 8  
5.1 Su#m Condilion: 
5. I .  I For laboratory wrmsim tclu that rim- 

uhcc enpure  io xrvice environments, a am- 
m e d  surface, closely rcscmbling the one rhar 
would k used in service. will yield the mon 

5. I .2 For more &ing lcsls of either the 
metal or the environment, rtMdud surface 
finishes may be preferred. A suitable pmecdurc 
might be: 

5.1.2.1 &grease in M organicsolrent a r k  
alkaline cleaner. 

Nore 2 -Hal alkalis and chlnrinami rohenrr 

significant mulls. 

5.1.2.2 Piekk in an appropriate solulion (k 
some cases ihe chemical cleanen described ir 
Section 7 rill suficc) iT oxida or tarnirb arc 
prrrent. 

5.1.2.3 Abrade with a slurry d a n  approp'). 
JIC abnsive r,T with an abrasive pdper (sr 
Raommendcd Praclices A 262. D 1383. a ~ 2  
G 31). The cdgn as uell IS the raccr of Ik 
specimens should be abraded lo remove b u m  

5.1.2 4 Rinse thoroughly and dry. 
5.2 Meldiurgkal Condition-Wbcn spec- 

I- 
I 

I--- 
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ling. 

8.4.3 Eluirieol R u p e u i u - h  in 
conductivity will d t  from cmking or pi. 

exlolition. cracking, or inlag.nul.r 8- 
may k m e u u d  by mc(.lloyph* armin, 
tion of suitably prepared SCUWIU 

9. ReporC 
9.1 The repon should include the Comppc 

tiom and sizes of specimens. their m*ruur@-al 
wnditions, surface prepantions md post- 
rosion cleaning mcthcds, M well M ~CUDD 
of corrrrtiou damye such LI cormcion IUU 
(alsulated from mns lorvr). maximum depb 

8.4.4 h f ~ p ~ l  EJr6minab- 

of piuing, or buer in m e c u  pmpa*r 

APPENDIXES 

XI. DENSITIES FUR A VARIETY OF METALS AVD ALLOYS 
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opea by corrosion spcci8Iisu in the process 
industria For p p e r  inlapmrtion of the re- 
d u  obuined. thc 5peoifii intlumsc of certain 
vuirMa must k eonridered. Thuc include: 

4.1.1 Me~alspecimcar'b~me~%dinaspccif~c 
hot liquid ouy n a  d e  at the UM rate or 
in the same manus M in equipment where the 
metal acta aa a h a t  transfer medium in healing 
or cooling the liquid. If the influence of hedl 

cialid p d u m  (in which the cormsion 
I rMsfk  CffecIa is 5 p e d f i y  of intcras spc 

the r aw that w& beobtained ifthc& 
products were continually rrmovcd Cupric 
ions may a h  exhibit a @a* etlea u p a  
ahinless atcel coupon5 exposed U the 
time. In practice, only alloys of the ymc p 

paratus. 
4.1.7 Coupon c~moiou Usling is prrdomi- 

sioa There am a number of other 5 p f i . l  
of phmom~na of which one must k aware ia 

C n l  lypc should bccxpovd in LbcIclling Ip 

nultly duigncd to i n v r u i y c  gcnenl- 

s p c i m e n r c ~ ~ a  M a h a t  vlnsfer .gent) mual 
k Cmplorced (l)? 

4.13 In Iabomty tat*  the vclocity of the 
environment relative IO the spcimeDI w d  nor- 
mdlv be dnermined bv eon*enion cumnu or 

the daign and inlerprelntion of conmion 
4.1.7.1 Galvanic corrosion may k in& 

gated by a p L l  devices w h i c o u p l e o a c c a  
pon IO another in dcecrieal amt.0. Th b0b.r. 
ior of the rpaimenr in this aalvank mob 

Ihe ;ffceta i n d u d  by: d n  or boiling or 
both. If the spccifi c f f e  of h@ velocity M 
IO k studid. special technique must be em- 
ployed IO transfer thc cnvimnment throue 
tubular spcimenr or IO mwe it rapidly part 
the plane face of a cormtion coupon (2). Alter- 
natively. the coupon may k rotated through 
the environment. although it is then dilrcult 10 
evaluate the velocity quantitatively because of 
the stirring clFC*r incurred. 

4.1.3 The behavior of attain metals and 
alloys may k profoundly influenced by the 
prrs.~ncc of d~rolvcd oxygen. If thu is a factor 
IO k considered in a +tic I& the solution 
should k completely aerated or deaerated in 
&ana with 8.7. 

4.1.4 In some casu, the rate of corrosion 
may be governed by o t k  minor mnslituenls 
in the solution. in which ure they will have IO 
k continually or intermittently replenished by 
cbanging the solution in the lest. 

4.1.5 Corrosion pmdunr may have undcsir- 

compared kith that of insukm~ speciminr a- 
posed on the same holder and the galvanic 
e ! k o  noted. It should k o k w d  however, 
that galvanic cormtion can k gmrly affcard 
by the area ratios d the mpeclive mcub. rh 
dirtance between the met& and the rcsbtivily 
of the clcctmlyte. The coupling of cormion 
coupoar then yields only quahtative results, u 
a panicular coupon reflects only the rehlioo- 
ship between thcv two mcuL at the putieulu 
area ratio involved. 

4.1.7.2 C m i n  coonorion or c a n c s n ~  
cell c o d o n  may occur whnc  Ibc mcul sur- 
fa- is partially blocked from the cormdin# 
liquid aa under a spaar or supporting hoot k 

separately from the overall mass IOU 
4.1.7.3 Sclcclive corrosion at lhc gr?.iU 

boundaries (for examplc intngMukr corm-- 
sion of sensitized austenitic slainleu SICCIS) will 

menu unless the attack is scverc enough lo 

is luccswy to evaluate thb b l i i  comnial 

Ml be d d y  0bSCrV.bk ill IMU 1- -U* 

ableclteeuon a ch;miul prod&. The amount 
of possible contamination can be estimated 
from the loss in mass of the spaimen. with 
proper application oftheexpected relationships 
amone ( I )  the area o f d i n e  aurfsa. (2) the 

c a w  grain dropping, and often q u h  k 
scopic examination of the coupons rltcr app 
5ure. 

4.1.7.4 Dcalloying or "parling" conusion b 
a condition in whkh OM constituent k XIS- 

mass 'or tie chemical pmduet L d W .  and (3 
tbc duration of contacl ofa unit of mass of the 
chemical produn with the c o d i n g  surface. 

4.1.6 Corrosion pr0tluc.t~ from the c o u p  
may influence the cotnuion rate of the metal 
ilsclfor of dilTerent metals exposha at the same 
time. For example. the accumulalion of cupric 
ions in the testing of copper alloys in interme 
dirk strengths of sulfuric acid will acyeleratc 
the corrosion of copper alloys, as compared 10 

lively removed from UI alloy. as in the dcdne- 
ification of bras or thc graphitizPtnn of Cut 
iron. Close attention and a more sopbrwiuted 
evaluation than a simple mass 10s measure 
ment is required lo dem hii phenomenon. 

4.1.7.5 Certain metals and alloys am subja 
to a highly h l i i e d  type ofattack called p i l a  

'ThebrlJruecnvlnbrnmprrn~barr(ntoLhrMd 

_ _  .. --- 
mrcm- PI IIW r d  or Ihu p m m e  
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appmpriate identifying,uu&. If mccllh cm- 
taminah of the s u m p d  M m y  i nkace 
t h e e o r r w i o n k h a v i o r , c h c m i d ~ ~  
be employed to remow any V.QI of fotcign 
pu(ifla fmm the surtax of cbc mpoa (hw 
uunpls by immcnion ofstainh stcdcou- 
pws in dilute nitric acid fobwing 
with stoel disr). 

7.6.1 The stamp bcrido Ihc 
spceimea, intmduar El- md Wld mrt in 
the specimen that could be rcspomiblc for lo 
a l i i  comaion or rtrrrwDrmsion 
or both. 

7.3.3 All spsimenr should k murured 
urefidly to permit accurate &hion of the 
exposed areas. A gweomcuie M a h l a t i o n  

7.4 Mom uniform d u  m y  be expaced if 
a substantial layer of mcul is lcmovod fimm 
the rpccimmr to eliminate vui8tiona in con- 
dition of the original meyIIi d a c e .  This u n  

tdytic removal. or by grinding with a ooprx 
abrasive oaar'or cloth such u No. 50. urine 

Mllilc to *I percent is d y  8dcquIte. 

be done by ehemi  Im8unent (pieuig). C l e o  

t ikli6 to such cokrion. However. the a& 
of d i n g  should 1101 k interpreted LI in& 
eating resistance (see 4.1.7.6). 
7.7 Final surface tmtmmt of the SpahnCDI 

should include fmishing with No. 120 abnriw 
paper or cloth or the equivalent, unless the 
surface is to be u d  in the mill f e h c d  con- 
d i t i o n . ~ b m u r f ~ i n g m a y u u r c I o m e ~ ~  
work hardening. to an extent whiib will be 
determined by the vigor of the surfacing opa- 
ation. but is not ordinarily s i g n i r i t ,  The 
surface finish to be encountered in wrvia m8v 

UR not io 'woa harden the suflace (we 5.7i 
At least 0.0025 mm (0.Wl in.) or 1.55 to 2.33 
mdan.' ( IO to IS muin.') should k removed. 

b~ more appropriate for some testing 
7.7.1 Coupons of different dloy wmpmi- 

lions should never be nmund on the same cloth. 

- 
c .  

(1f;l.d aiioy spceimmr are to be wcq s p i a i  
attention must be given to ensum that d v e  
d is not rrmovcd.) A h  f i  pmpntion 
of the specimen surface the specimens should 
k stoml in a *tor until exposure, if chcy 
arc not UKd immditely. In spceial  fly^ (for 
example, Tor aluminum and certain copper PI- 
loys), a minimum of 24 h storage in a dui iator  
is rcmmmcnded. The choice of a s p a i f s  treat- 
ment must be considered M the baais of the 
dloy to be tested and the MU)N for testing. A 
commercial surfroc may sometimer yield the 

920 

7.7.2 Wet grinding'should be uscd on alloys 
which work harden quickly, such prlbc austa- 
iljr stainla steels 

7.8 The spceimnu should be f m d y  de- 
greased by scrubbing with M f m e  m r i n g  
powder. followed by thorough rinsing in water 
and in a suitable solvent (such 8s . e ~ n e .  
methanol. or a mixture of 50 pncenl amhand 
and M percent ether). and air dried. For rela- 
tively son mclals (such as aluminum. maye- 
sium. and copper). scrubbing with abrasive 
powder is nul always n m l n l  and can mar  he 

a- 
7.10 Tha d d spkl 
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8.6.1 Tempcnh~re of Ih ammdiry solutioll 
should k convoued wilbin f l C (*1.8 F) m d  
must k succd in thc repml oftas multz 
8.63 If IIO rpedli tempanulrr Svch boil- 

h g  pht, ir r e q d  orif8 lClIlpcnlWC I'aIlgC 

ord inlhlat. 8lld lhdtrrrpnivtduncion. 
mustkrrporcod 

8.6.3 For tats at ambiml tcmpmlu~ thc 

patum mlidpucd for stapnl nonp in 
summer montbr This wnpruure may k as 
hi@ as from 40 to 45 C (lo) IO I I3 F) in some 
ML Ihevuiu ion  inwmpcnbmshould k 

8.7 Arrorion of S- 
8.7.1 U n h  spccikd, tbe duhu rbouM 

a01 k .enled Mod IeUs rrLttd to p- 
equipment should k NII with lh n a t u n l a ~  
morphm i n h c ~ t i n  chc such as the 
npon of the boiling liquid. 

rbould MI k buccd in lhdLsl air stream 

encountcd if Ihc air s tmm impinges 011 the 

aury, spcifii ccehniqua arc requited, such as 
ptior b t i q  ofthe rolulioD d spar& with 
M incn gas (usually nitrogen). A liquid atma- 

8.7.4 If oxygen munlioll o f l h  tal solution 
isdaircd, this can krck.chimd by spargin8 
with oxygen. For otha  dcgma of aeration. the 
lolucion should be m e d  with air or syn- 
tb*ic mixtura of air or o x y p  with an inen 
p. O x y p  saturation ir a function of the 

8.8 Solufion Velocity: 
8.8.1 The &ea of vcMty is no1 usually 

dc(ermined in n o d  labontory tests, al- 

is t o k  invariyccd. lhu*rrcdtclnpmtum 

tnorbould k d d U t b e I l i g h a l  Ian- 

rcponcd Ibo (forcxunpl* 40f 2c). 

8.7.2 if mtioll is CSUP- ch spccime~ 

Imm ch rpya. EAml=nu CIfear M k 

rpeciwnr 
8.73 If udurion dddd oxy&cn is nee- 

phcrie ull is required 011 lh lcrt vcsrcl to 
pmenl furcha mlam'hlkm. 

partial prrwrr of oxygen in the g u  

lhou.$h SpcCiTlC tcru haw kcn designed for 
PUrPwr 

8.8.2 Tests at the t d o g  point should k 
omduacd with the minimum p i b l c  heat 
input, and b d i i  chips should k uscd to avoid 
excessive curbulcna d bubble impingement. 

8.8.3 In teur below the boilin8 point. Ler- 
mal mvection generally ir the only roum of 
liquid wlocity. 

8.8.4 l a  ICSI solutions with bigh viscosity, 
suppkmental controlled stirring with a mag- 

922 

used within the appantus. . 
8.10.3 Shape and form ofthe spceimcn rup 

pon should IISUE fra conW of the ~IC&OE 
with the d i 8  dulion, lhc liqd line or 
the vapor phase as shown in Fig. I. I C  dd 
alloys arc expod.  special pmxdures wiU k 

expored unless the purpc~c ir to IQI tbe ahility 

rolution. 
8.10 4 Some common rupporrr ue g b  or 

a n m i c  mb glass saddles, g k s  hooks, &IO- 
rocarbon p h i c  urings, and various inrulalcd 
or coated metallic supporls. 

8. I I Dunnion of 'leu: 
8.1 1.1 Although duntion of m y  tea will be 

determined by the nature m d  p u ' p w  of the 
ten. an cxccllent procedure for evaluating ch 
cNea of time on corrosion of the metal and 
also on the CorrosiveIIQs of the cnbiroammt in 

required to emure (ha only the Claddii i¶ 

of the cladding to p ' o M  Nt e d p  in Ihs M 

i 

f 

-1. 

z 

.. 
., ? 

' 
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application to a specific rrutcrl. Mahodr for 
chemid c~caning a k r  resting dspaitii met- 
ah and ruOn are described in Rcaommendcd 
M i G  i. 

93.3 UMIOlytic deaoing should be pro 
ceded by scrubbing to remove lococly adhering 
corrosion products. A m*hod of ek*rolytic 
ckaningisdacribcdinRcwmmendulR.*ic+ 
G 1. 

9.33.1 h u t i o n s  mud be taken to ~ m u e  

good elcurid c o n w  with the sp+mcn, to 
avoid contamination of thc solwbn .rich easily 
d u d b k  d ions, and to CIUW &at inhib- 
imr deeompition has not ocruned. 

9.4 Wbntcver uuuncnt is used In clun 
specimcnr after a corrosion M. its cffcc~ in 
=moving m*.L should be &ermined and the 
mas lop should be c o d  accordingly. A 
'Wank" smecimcn should be rvrirhed before 
and a b  & p u r c  lo the c l c a D i  bcedulc to 
eslablkb thi; mass l o p  (rcc a h  &ommended 
R.nise 0 I). Careful observation is needed to 
ensure tbrt pitting d o a  not occur during dun-  

9.4.1 Following removal of dl scale. the 
spceMcll should h treated as d k c d  in 5.8. 

9.4.2 The description ofthe cleaning mahod 
should k included with the data reponed. 

10.1 After cormded S p a M M  have ban 
cleaned, they should be reweighd with an 
accuncy conuponding to that of the original 
wighin& The mass IOU during the M period 
can be used as the principal measure of,corro- 
sion. 

10.2 Altcr the specimens have been re- 
weighed, hey should be uamined carefully for 
the presence of any pits If them are any pits. 
the avenge and maximum depthc of pits arc 
determined with a Dit mge or a calibrated 
mjrrorope which e.& bi i&uscd lira on :he 
&en and then on the bottoms of the oiu. The 
degree of lateral spreading of pits may also be 
n0lod 

10.21 Pit depth$ should be reporaod in mil- 
limnerr or thousandths of an inch for the test 
period and not inlcrpolated or extrapolated to 
millimctm per year, thousandths or an inch 
per year. or any other arbitrary period befause 
rarely, ifever. is the rate of initiation or prop 
agation of pits uniform. 

10.2.2 The rim. shape. and distribution of 

11. C8leulathg Corm& Rata 
11.1 Calculating corrosion rates requirs 

&vera1 pieca of information and scvml u. 
rumplions 

I 1.1.1 The usc of conmion ntu impliutha~ 
211 mas loar has ban due to general m- 
u d  not to localid c o d o n ,  rcceh a pi- 
01 intergranular corrosion of rensitized areas 
on welded coupons. Loali i  corrosion is 10 

11.1.2 The use ofconusion ntes also implies 
that the material haa not k e n  i n n d y  u- 
lacked as by dezincifmtion M intmgramhr 
c o d o n .  

11.1.3 Internal attack can be expressed as a 
corrosion t an  if desired. However. the ealeu- 
Iations must not be based on weight 10% (uecp 
in qualification tests such as Recommended 
Practice A 262). whEh is usuaUy small but om 
mi-tions which show depth of a d .  

11.2 Auumingthatlccaliiorinlcrmlcor- 
mcion is nop present or ir remrded xpntel j~ 
in the report, the average cormsinn ran CM be 
calculated by the following equation: 

ported separalcly. 

Cormrim rate = (K x WYU x T x D) 

where: 
K - a constant (see below) 
T - time of e x p u r e  in hours to the nearest 

A - area in cm' to the nearcslO.01 on*, 
W = mas loss in g. to neamt I mg (corrected 

for any loss during cleaning (ue 9.4)). 

0.01 h. (I) Fuhcr. A. 0. .ad Whiurl.?r 
my Mahods for LkWminlq 
Urder I lea  Flur C d i  
15, No. 5. May 1459. p. 2571. 

(2) us. Palent 3..zXL16.t* 
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12.32 Volume of la( rolulioa. 

* 
Y ? 
0 

12.3.15 Evaluacioo’of attack if @her Ibao 
general, such aa rrcvia eorrmiolt under sup 
porl pit depth and distribution. and muhs 
of microscopiol eaamination or bend tesu 

123.16 conODion rales for uch tpccimen 
12.4 M i  OCCUIICMLI or devLliOnr f m  

&e propod ta( pmpm o h  EUL b.vesi&- 
nifiiant efleas and should be reponed if 
known. 

12.5 Statictia un be a valuable tool for 

signed IO gcneriic~ ~ d ~ p t c  dam. ExecUrat 
references for the use of satistics in wrm*on 
studiu include Ref. (5) amugh (‘I) and in 
Rmnnlncndcd Practise 0 16. 

uulrziag rhc lrsults from t u t  pmgramr de- 

123.1 C d w  modi and wwmlratiw 13.1 A p w u i  and accuracy statement 
(My ehulga during test). cannot be made for chir rtan&rii. 
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.=J I Standard Test Method for 
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.%I- . 

RESISTANCE OF PLASTICS TO CHEMICAL 
REAGENTS' 

of Plastics' 

is necessarily dependent upon the similarity 
between the testing and end-ule conditions. 
For applications involving continuour immCr- 
sion, the data obtained in short time tests are 
of interat only in d i a t i a g  the most unsuit- 
able materials or indicatinp, a pmbablc dative 
order of m u m  to chemical +nu. 

2. AppHcaMr Doruenta 
2.1 ASTM Sfandadc 
D 13 Specifnulion for SpiritsofTurpmtine~ 
0 3 %  spccifiition for Fuel Oils' 
D618 Conditioniug Plastics and E1ecUic.L 

1 {]: Insulating MikripL For Testins' 4,. 

DS83 Defiiitivna o f T m  Re- lo Plas- .it, ;; ' 

eral Io~uktktg oil fOr UW in T d m a  SubcDlluli B20 50 OD Pummeno vp, , 

:: 
:,. 

tics' : - ' I  

*I_,  
j.,, , !:i 

. ,  .. .); I,  , 

Fart. j, ; I T l h  m e k d  ismdm ik junsdktii d Asrw Conc D 1040 Specification for Uninhibited Mi- ~"~ D-20 On R,,,r ud ,, ibc dm mpauiblay ol 

C-nl edition e M i  Au# 14, I 7 O n p d y  ! !' I,! 
!.I.. : j, I 
1:' , : i 
pp I, 

h n r d  1939. and in Oil C i t  BmLenS 

to Extraction by Chemicalr. 

D 543-65. 
D 1139 TU1 for Raircancc Of P h l k  F b  

0 1898 ReoOItUDCnddPMClkC for S ~ p l h g  

~~nnvdE)oo i to f IL ( rh fS~ .ndrdr .  h n  29. 
* A n n u l  Bmk OfASTMStmdrdr. hn 23. 
*AnnudbokofASTMStudm&. h n I .  
 AI^ B m k  ofASTM S e ,  Pan 40. 
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3.3 Evaluation of p l a s h  for special appli- 
cations inrolving comxivc conditions should 
k bascd on the pMieulr  teagats and con- 
centrations to k encounted  The rclfflion of 
test conditions should take into locou~t thc 
manna and duration of contact with reagents, 
the tempenlure of the syslcm. and 0th pcr- 
rormuux factors iJlvolved in lk pn*ul.r ap 
pliUtiOn. 

4. A w t m  
4.1 Bolonce-An accurate chemical bal- 

ance. 
4.2 Micromcnrs - Micrometers capable of 

measuring dimensions of test specimens to 
0.025 mm (0.001 in.). 
4.3 Room, or enclosed apace capable of 

being maintained at the Standard Laboratory 
Atmosphere. asprescrikdin Methods D 618. 
4.4 Contauicrs-Suitable containers for 

immersing specimens in chemical reagents. 
They must be resistant to t k  conoDive e&cu 
of the reagents k i n g  w d .  Venting should 
be provided. especially when using volatile 
=agents at elevated temperaures. 
4.5 Oven or Cmmnr-Tempemure Bafh, 

capable of maintaining tempenturc within 2 
2 T  of the specified tea tcmprannn.  
4.6 Testing Devices-Testing devices for 

determining specific strength properties of 
specimens before and after immersion. con- 
forming to the requirements prescribed in the 
ASTM test methods for the specific properties 
k i n g  determined. 

5. Remgeats and Materid8 
5.1 The following list of standard reagents 

is intended to bc representative of the main 
categories of pure chemical compounds. solu- 
tions. and common industrial products. 
Chemicals used in this test shall be of teehni- 
nl grade or greater punty. All wlutionr shall 
be made with frcshl) prepared distilled water. 
Specified concentrations are on a weight per- 
a n t  or specific gravity basis. Mixing instruc- 
tions are based on amounts of ingredients 
calculated to produce 1000 ml of solution of 
the specified concentration. 

5.2 The list of standard reagents is not 
intended to preclude the w of other reagents 
pertinent to particular chemical m b t a n a  re- 
quirements. It is intended to standardiz on 

192 

D 543 

tjpical reagents. solution concentrations, and 
industrial products for general testing of the 
resistma of plastics.to chemical reagents. 
Material specifications in which chemical re- 
sistance h indicated shall be b w d  on reagents 
and conditions selected from those listed 
herein except b j  mutual agreement between 
the seller and the purchaser. 
5.3 The standard reagents are aa folbwr: 
5.3.1 Accfic Acid (sp gr 1.05)-Gheial 

acetic acid. 
5.32 Amic Acid; (S %)-Add 48 ml(M.5 9) 

of g l a d  acetic acid (sp gr 1.05) to 955 ml of 
water. 
5.3.3 Amone. 
5.3.4 Ammonium Hydroxide (q p aW)- 

Coneenwed ammonium hydroxide (N& 
OH). 
5.3.5 Ammonium Hpiroxide (10 %)-Add 

375 ml(336 g) of NH,OH (sp gr 0.90) to 622 
ml of water. 
5.3.6 Aniline. 
5.3.7 Benzene. 
5.3.8 Carbon Tunuhloride. 
5.3.9 Chromic Acid (40C;)--Dirrolve 549 g 

of chromic anhydride ( C a r )  in 822 ml of 
water. 
5.3.10 Citric Acid (I 5)--Diadve 104 g of 

citric arid aytals in 935 ml of water. 
5.3.1 I Cotfonseed Oil. edible pwic. 
5.3. I2 Defergem Solurion. Heavy Dwy 

(0.025 %J-Diuolve 0.05 g of alkyl uyl suulfo- 
nate and 0.20 g of trisodium phosphate in loo0 
ml of wattr. 
5.3.13 0iefh.d Ether. 
5.3.14 Dimefhjl Formamide 

5.3.16 €th)l Arcfate. 
5.3.17 Ethyl Alrohol (95 %)-Undenuured 

ethyl alcohol. 
5.3.18 Efhyl Alcohol (50%)-Add 598 ml 

(482 g) of 95 5 undenrtud clhyl alcohol LO 
435 ml of water. 

5.3.15 binilled wafer. freshly prqnued. 

5.3.19 Ethylene Dichloride. 
5.3.20 2-Efhylhrxyl Sebacafe. 
5.3.21 Hepfane, commercial @e, b o i g  

range 90 to laO°C. 
5.3.22 HJdrorhloric Acid (sp p 1.19)- 

Concentrated hvdrochlorie acid (HCI). 
5.3.23 Hydrochloric Acid (10%)-Add 

239 ml(283 g) of HCI (sp gr 1.19) to 764 ml 
of water. 

5.3.24 Hydrofluoric Acid (40 7 
add 748 ml (866 g) of hydrofluc: 
to 55 percent HF) to 293 ml of v.- 
5.3.25 Hydmgen Pemxide So:- 

or USP 100 VOIW). 
5.3.26 Hydmpn Pemxidc Sd. 

or USP IO V d w ) - A d d  98 r *  
commercial padm (100 VOI 01 i- 
gen peroxide ( H A )  to 901 ml I * 

5.3.21 ~Ioocmnc (2.2.4-liim- 
m e ) .  
5.3.28 Kermhe-No. 2 fucl oi 

tion D 396. 
5.3.29 Mefhyl A h W .  
5.3.30 Mbuml Oil, W e ,  U!.: 

10 am; Saybdt @ 100'F. 125 to 
5.3.31 Ninic Acid (sp r 1.4: 

trated nitric acid (HNa) .  
5.3.32 Ninic Acid (40 %). ! 

(710 g) of H N O ~  (SP B 1.421 
Later; 
5.3.33 Niyic Acid (10 %)' . 

(153 g) of HNOa (SP 6 l m  1. 

hydrated p u i  white soap h k -  
IOST)  in water. 

5.33 Sodium Carbonr- 
(Zo%)-Add 660 g of sodium ca 
COS. IOHO) to S55 ml of wale- 
5.3.39 Sodiiun Ca-e + 
53.40 sodium Chid SCL 

M d 5 5 g o f N ~ O r l O H O 1 ( . ~ ~  

M d  lo7 g of d u m  chlorid 
m~ of walcr. 

(aoa)-slOvly divolvc 971 g 
5.3.41 Sodium Hydroa '> 

dmxidc (NaOH) in 649 ml of w 
5.3.42 Sodium Hydro1 ' 

(10 5)-Dilvc I I I g of Na 
water. 
5.3.43 Sodium H y h x i d e S C  

Dissolve 10.1 gof NaOH in 9s 
5.3.44 Sodium Hypchlo~ '- 

rional Formulary (4 10 6 %)'- 
tion of t h i  solution a n  b 
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5.3.24 Hydrofluoric Acid (40 %)-Slowly 
add 748 ml (866 g) of hydrofluoric acid (52 
to 55 percent H F )  to 293 ml of water. 

5.3.25 Hydrogen Peroxide Solution (28%. 
or USP I O 0  Volume). 

follows: Weigh accurately in  a glass-stoppered 
flask a h u t  3 ml of the solution and dilute it 
with 50 ml of water. Add 2 g of potassium 
iodide (KI) and I0 ml of acetic acid. and 
titrate the likrated iodine with 0.1 N d i u m  .~ 

5.3.26 Hydmgm.Peroride Solution (3%. 
or USP 10 Volume) -Add 98 ml (108 g) of 
commercial grade (LOO vol or 28 %) hydro- 
gen peroxide ( H . 4 )  to 901 ml of water. 

5.3.21 Isooctane (2,2.CTrime1hyl Pen- 
tane). 

5.3.28 Kerosine-No. 2 &I oil. Spcifca- 
tion D 396. 

5.3.29 Methyl Alcohol. 
5.3.30 xi-~i m, mik, USP (S,I 6 a830 

IO 0.860; Saybolt @ 100°F. 125 to 135 s). 
5.3.31 Nitric Acid (sp gr 1.42)-Concen- 

trated nitric acid (HNO,). 
5 3.32 Nitric Acid (40 %)-Add 500 ml 

(710 g) of HNO, (sp gr 1.42) to 535 ml of 
rater. 
5.3.33 Nitric Acid (10 %)-Add 108 ml 

(153 g) of HNO, (sp gr 1.42) to 901 ml of 
uater. 

5.3.34 Oleic Acid, cP. 
5.3.35 Olive OiL edible grade. 
5.3.36 Phenol Solution (5 %)-Dissolve 

47 g of carbonic acid eystalr, USP, in 950 ml 
of water. 

5.3.37 Soap Solution ( I  %)-Dnsolve de- 
hydrated pure white soap flakes (dried 1 h at 
IO5T) in water. 

5.3.38 Sodium Carbonate Solution 
(20 %)-Add 660 g of d u m  aubona~~ (Na. 

5.3.39 Sodim Carbonate Sohiion (2%)- 
Add55gofNlrCOJ.IOH~to964mlofwatcr. 

5.3.40 Sodium Ckloride Solution (10%)- 
Add 107 g of sodium chloride (NaCl) to 964 
ml of water. 

5.3.41 Sodium Hydroxide Solution 
/bO%)-Slowly dirrolvc 971 g of rodium hy- 
droxide (NaOH) in 649 ml of water. 

5.3.42 Sodium Hydroxide Solution 
(IO%)-Diuolve l l lgofNaOHk1988mlof 

COa. IOHIO) to 555 ml of warn. 

thiosulfate (Na&OS), adding starch solution 
a the indicator. Each ml of 0.1 N N&S& 
solution is equivalent to 3.7222 mg of sodium 
hypochlorite. 

centmted sulfuric acid (&SO,). 

199 ml(366 g) of HISO, ( s p y  1.84) to 853 
ml of water. 

5.3.47 Svlfuric Acid (3 %)-Slowly add 
16.6 ml (30.6 8) of WO, (sp y 1.84) to 
988 ml of water. 

5.3.49 Transfirmer Oil, complying with 
the requiremcntrof Specfiation D 1040. 

5.3.50 Turpentine-Gum spirits or steam 
distilled wood turpentine conforming to Spec- 
ification D 13. 

6. Recamlion 
6.1 Safety precautions shodd be faken to 

avoid personal contact, to eliminate toxic 
vapors, and to guard against cxpbskm b.b 
ads in srrordanee with tbc hazardous nature 
of the particular reagents being used. 

1. Test Spdmcm 
7.1 The type and dimensions of test speck 

mens t ebe  used depend upon the form of the 
material and the tests to k performed (Note 
4). At l e a l  three specimens shall be used for 
each material being tested and for each re- 
agent involved. The spcimenr shall k a 
followr: 

7.1.1 Molding and Extnuion Mate&%- 
Specimens shall k moldcd to h p e  or cut 
from molded slabs as q u i d  -. Tbc CUI 
edges of rpecimcnr shall be ma& smoolh by 
harp cutting. macbiq ,  or by fmkhing with 
No. 0 or h e r  u n d p p r  or emcry cloth. Mold- 

5.3.45 SUIMK Acid (sp gr I.84)-% 

5.3.46 Sulfuric Acid (30 % ) - S b ~ l y  d d  

5.3.48 TOIUCM. 

- 
water. 

5.3.43 Sodium HydroxideSdulion ( I  %) - 
Diuolvc 10.1 g of NaOH in 999 ml of water. 

5.3.44 Sodium Hypochloti~e Solution. Na- 
rional Formulory (4 to 6 %)- -The concentra- 
tion of this solution can k determined as 

ing shall conform bbonditiotu ~kommcmded 
by the rmnufactom of the materid (Note 5). 
The shape and d-hu of spccMcnr .h.ll 

Imn Fohr -* to.. cod. &, - , 
zw. 
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depend on the test to be performed and shall 
conform to the following: 

7.1 .I .I Weight and Dimerrtion Changes - 
Standard specimens shall be in ihe form of 
dirks 50.80 mm (2 in.) in diameter and 3.175 
mm (0.125 in.) in thickness molded or cut 
from molded slabs. The nominal surface area 
of this standard duk is 45.60 cm' (7.068 
in.'). 

7.1. I .2 Mechanical Pmper#y Changes - 
Standard tensile specimens shall be used ae- 
cording to the method of test pcaaibcd in 
the appropriate specification for the material 
being tested, or by agreement among those 
concerned. Where the determination of other 
mechanical properties is agreed upon by the 
seller and the purchaser, standard specimens 
prescribed in the appropriate standard meth- 
ods of test shall be used. 

7.1.2 Sheet Materials-Specimens from 
sheet materials shall be cut from a represent- 
ative sample of the material (Note 6) in a 
manner depending on the tests to be per- 
formed and the thickness of the sheet as 
follows (see 7.1.1 regarding preparation of 
cut edges): 

7.1.2.1 Weight and Dimension Changes - 
Standard specimens shall be in the form of 
bars 76.20 mm (3 in.) in length by 25.40 mm 
(1 in.) in width by the.thickncss of tbe mate- 
rial. The nominal surface area of the standard 
bar, having a thickness of 3.175 mm (0.125 
in.). is 45.16 em? (7.0 in.?. Cireulpr d s k  speci- 
mens 54.80 mm (2 in.) in diameter by the thick- 
ness of the material arc permiuible under mu- 
tual agreement between the rUer  and the pur- 
chaser. Permissible variations in thickness of 
both types of specimens are f 0.18 mm (0.007 
in.) for hot molded and f 0.30 mm (0.012 in.) 
for cold molded or cast materials. 

7.1.2.2 Mechanical Propetiy Changes- 
Standard machined. sheared. or cut tensile 
specimens shall be used according to the 
methods of test prescribed in the appropriate 
specifications of the material being tested, or 
by agreement among those concerned (see 
7.1.1.2). 

NOTE 4-Specimen surface area greatly affects 
the weight change due 10 immersion in chemical 
reagents. Thickness influences percentage dimen- 
siun change as well as percentage change in mLL 
chanical propenus. In addition, molded specimens 
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may not agree with specimens CUI from molded or 
otherwise formed sheet of a given material. Con- 
qusnlly. cumpanson of m8terials should be made 
onlyon the basisof resdtsobtained from specinem 
of identical dimensions and like merhcds of speci- 
men preparation. 

Norm S-.Uolding conditions can affecr the re. 
sistaneo of plastics to chemical reapnu. Compres. 
sion moldings should be prepared an a manner that 
will dh rse external lubricants and result in com- 
pletc g i o n  of the partulu. Injection moldin8 
should be aeeomplirbrd m a manner lh i t  mulls in 
a minimum of molecular oricnution and thermal 
SIRUCS or a controlled Iml of both dependin, 
upon the conditions being simulated. 

N o n  6-For ccnain products. rucb as lami- 
narcs. in which edge eflccu arc pronounced. larger 
coupons may be e x p d  from which standud 
specimens can be CUI ahcr immersion for dercrmin- 
ing the effccuof reapnu on meehanicalpropenics. 
This may be allowed in provisions of material 
specifications by mutual agreement beween the 
seller and the purchaser and should be reponed u 
such. 

a 
8.1 For Proccdun 1. sample in accordance 

with the pertinent fonsiderations outlined in 
Method D 1898. 

8.2 For Procedure 11. sample in accordance 
with the ASTM test methods for the specifted 
properties to be dccermiaed. 

9. Conditionlag 
9.1 Conditioning-Condition the test speci- 

mens at 23 f 2OC (73.4 f 3.6'F) and 50 f 
5 'k relative humidity for not Lus than 40 b 
prior to test in accordance with Roccdure A of 
Methods D 618 for those MIS where condition- 
ing is q u i r e d  In caxs  of disagreement. the 
tolerances shall be I T  (1.8"F) and * 2 %  
relative humidity. 

9.2 Test Conditions-Conduct tests in the 
Standard Laboratory Atmosphere of 23 = 
2 T  (73.4 t 3.6'F) and 50 2 5 % relative 
humidity. unless otherwise specified in  the 
test methods or in this specikation. In cases 
of disagreements. the tolerances shall he 1OC 
(1.8'F) and 2 2 5% relative humidity. 

10. Procedure 1. Weight and Dimendom 
Changes (See Xote 7 and 5.2). 

10.1 Weigh each conditioned specimen 
separately and measure its thickness at the 
center and its length and width. or two diam- 
eters at right angles to each other, to the 
nearest 0.025 mm (0.001 in.). I n  the case of 

laminates. edge swellin, 
,,"der certain conditior 
may be necessa? to me 

the center and at the 
percentage change seprl  

10.2 Place the spccime 
miners for the reagenu 
the speehenr 10 be IOLP 
reagent for 7 days in the 
Atmosphere. Suspend 11 
any contact with the w 
conminer. For specimei 
those having a lower de 
II may be nccnury ta 
such as nichromc wire 
curling. S e v d  -1 
may be immerrcd in tb 
vided sufkicnt reagent 
surface area ex@ an 
touch each other. For SI 
able and relatively in 
quan1i:y or reagent sha 
ml/in.- of specimen SI 
mens that tend to dis 
extraction of plasticisr 
agent shall be approaim 
imen surface area. Whc 
these mattem use the 1 
tests at 0th- than m 
recommended that tb 
50°C. 7OOC. or othe 
mended in Methodr D 
the reagent be at the e 
before the specimens a 

10.3 Stir the reage 
crate manual rotatiol 
other suitable means f 

10.4 After 7 days. 
periodof time. individ 
imen from the reagen 
a weighing bottle, an 
lions. Wash with ru 
removed from acid. I 
rolutions. wipe then 
tissue. and immediat 
reagents such as cot 
may remain adsorbe 
specimen even after 
diate special handli 
pickup before and 
specimens removed f 
tcr-soluble organic li 
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reagents at elevated temperature. udess, the) 
are to be tested at the elevated temperature. 
t h y  shall k placed in another container of 
the reagent at the Standard Laboratory Tem- 
perature for approximucly 1 h to effect cool- 
inn mior to tertinn WOW 10). 
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and thickness of eacb s cimcn. in inches. mea- 
sured - ~. to the ncimt O.& mm (0.001 In ) (ut 

_~.~.~~, ~~~ ~~ ~.~~ ~~~.~~~ ~~ ~ 

reqeno. other mectun id  pmpcnia may b i  omre 
in ‘p~“.‘ -. For ,r.rimpk. t*xunl 

p”prues of n g d  marmab, WIIICII .IC not a p p o  
a b l y  softened bj  the r u p n t s  under srdy .  may 
k utremcly sensitive m surface anut such u 
cnnng. Consequently. in thc UY of this method 
br establishing chemical nrhtance levels in matc- 
rLI or produn speci6caliolr, consideration should 
bc riven to the choice of mabaniul  pmpertk 
that properly clurncterb the cffccn o exposure 
mchemlul reagents. 
Nmr I O - T o M a t e t b c c ~ d c s r u i n c h e m  

*.I reagents on the meeh.nid propn*r of some 
plutks, it is necessary IO h t  identical specimens 
that hive been immersed in wnter. This u especially 
m e  of tests to determino the cffcen of qmur 
rolulans. where these may not dittcr pcntly from 
IIIC effccis of immersion in water alone (uc Refer- 
ences (3) and (4) at  he end of this method). When 
tests .IC run witb a v d t y  of qucous solution 
IW nts, ibc effcn, due 10 wafer doac should be 
est%liibed Tor better cornpriron of results. Similar 
bchnvior mny resuli when h u  nre mn 11 elevated 
temperatures. requiring knowledge of the effects of 
temperature done to proprl)  asses the effecn 
duc IO the chcmiul reagents. 

12 R r p t  
12.1 PmcdmI. 
12.1.1 Complete i&ntil*.tmn of tbe maierisl 

tested indudin8 t ) p .  IOYICC. mnnufuturer’s d e ,  
form. and rewous history. 

12.1.2 !lethod of prepring test s&!ecimmr. 
12.1.3 Conditioningpmadure wed. 
12.1.4 Tempraiure of 1c1ts. 
12.1.5 chcmid reagents. 
12 I 6 Duration of immersion. 
12.1.7 Initial length. width 01 two diamcicrs. 

1.11. 
12.1.8 Initid weight of cuh @men in gram 

12.1.9 Lcnnh. width. and thicknu .hu im- 
m tO.M)OS g. 

mcrsion. 
12.1.10 Weight lher lmmcnion. 

P=?nw””.-- in ;2:AT* O1m the mdnmewr. d i n  

tioncd specimen. 
12.1.13 General a p p a r ~ c e  ofrpaimsm aRer 

~~ 

immersion. 
12.2 PmcehreII:  
12.2.1 Item 11.1.1 thmgb 11.1.6 n for P m  

cedure I. and the folbwhg: 
12.2.2 S p m e n  type and dimcloiws. 
12.2.3 ethod oftest. 
12.2.4 Gmditiomof test. 
12.2.5 Mcchnnicd propnim of idcntlul non- 

immersed and immcned specimens. and 
12.2.6 Avenge pmnu ina‘cucordcmuc 

in mccbn*.l properties. u%ng the properties of 
tbc conditioned nonimmcncd spcimenr u 100 +. 
13. ?mfdwudAor .n*  

13.1 Pmndyrrl: 
13 1.1 Rrcuion-In view of the xi& differ- 

ences possible in the reactions of specific p l a i k  m 
pr!icular reagents. it is im e m prepare sm- 
tutually meaningful ne Y sutemeni of precision 
for !his pracdure. I?ne-ry. a ion for a 
specific pliaic,reyent y a c p  + K p r e p e  
in with the mm&nUma prrvnted m 
Rceommcnded P m t k  E 177. 

13.1.2 Accumcy-For the msms oullined in 
13.1.1. no~ukmmiof.ccuracyhasheenprepuod. 

13.2 RondLnII. 
13.2. I P m h  a d  A c N ~ ~ ~ c  No submenu oi 

p h i o n  and are ap&ble IO thk p m  
dum: there u ’ e x n t  upon Ibc ASTM - mnb- 
ods for the r p e e 2 p m p n i c s  m be -in* 

1% 
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Standard Test M.thod for 
RUBBER PROPERTY-DUROMETER HARDNESS' 

1. smpe 
1.1 This method covers two types of du- 

rometers. A and D. and the pmxdurc for 
determining the indentation hardness of homo- 
geneous materials ranging from rok vulcanized 
rubbers to some rigid plastics. Type A is used 
for measuring the softer materials. and Type 
0 for the harder materials (scc Note 7, Scc- 
tion 7). This method permits measurcmenIs 
either of initial indentations or of indentations 
aRer specified period5 of time, or both. 

1.2 This method is not applicable to the test- 
ing of mated fabrics. 

2. Siifinner 
2.1 Thir method is bared on the penctra- 

lion of a specified indentor f o r d  into the 
material under specified conditions. The in- 
dentation hardness is inversely rclatcd to the 
penetration and is dependent on the elistic 
modulus and viscoelastic behavior of the 
material. The s h a p  of the indentor and the 
f o r a  applied to it influence the results ob- 
tained so that there may be no simple rcla- 
tionship between the multr obtained with 
one type of durometer and those Obldined 
with either another tqpe of durometer or an- 
other instrument for measuring hardncu. 
Thir method is an cmuirical test intended 

. 

Methods D 530. Testing Hard Rubbcr PIC& 
ucts.' or ASTM Method D 785. TW for RM-. 
well Hardness of Plastics and Ekc~fical I+ 
rulating Materialr'be used for hard matcrtzk 

3. Apparmhts 
3.1 The durometer shall consist of the fcb 

lowing components: 
3.1.1 Presser fmr with a hole betvan 3 

and 3.2 mm (0.10 and 0.13 in.) in diamem. 
antered at least 6 mm (0.25 in.) from rnr 
edge of the foot. 

3.1.2 Indentor formed from hardmsd s t d  
rod between 1.15 and 1.40 mm (0.015 a d  
0.055 in.) in diameter to the shape and d~. 
mcnsions shown in Fig. I for Type A d r  
mmeters or Fig. 2 for Typ D dummetoL 

3.1.3 Indicaring Decice on which the 
amount of extension of the point of indentor 
may be read in terms of graduations ransilly 
from zero for full extendon of 2.46 to 2.Y 
mm (0.097 to 0.100 in.) Note I) to IM) for 
zero extcnrion obtained b! placing prCra 
foot and indentor in firm contact with a PY 
piece of glarr 

NorE I-Tjpe A Shore Duromucn W n d  nun- 
her, I ihruuph 16.Mo and 16.351 through 16.- 
and T x p  A-2 Share Durornca nvrnbn. I 
through W77 do not mc51 the requirement Of I.* 
IO 2.54 mm (0.097 to 0.100 In.) exIensh Of 

- 
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P- I 

.... 
I .I culibnted Spring for applying force 

:., rhc indentor in accordance with one of 
:it foliowng equations: 

Fom. N - 0 5 0  + 0.075 HA (1) 

.bC,c H I  is the hardness reading on a Typc 
\durometer. and 

F o r a  S - 0.44 H. (2) 

*here HD is the hardness reading on a Typc 
0 durometer. 

A rnc spcamc~ 
4.1 The ren specimen shall be at lust 6 

mm (0.25 in.) in thickness u n k s  it is known 
!ha  identical result, arc obtained with a 
thlnncr specimen (Sole 2). A specimen may 
i~ wmposd of thinner p k s  to obuin 
the necessary thiclners. but determinations 
made on such specimens may not agmc with 
thee made on o n e - p i e  specimens k a u w  
!he surfaas between plies may not k in 
iomplcte contact. The lateral dimensions of 
the specimen shall be sufficient to permit 
mea,urements at least 12 mm (0.5 in.) from 
! edge u n k s  it i s  known that identical e ultr are obtained u hen mearurements are 

mJdc at a kswr distance from an edge (Note 
JI. The wrfacc of the specimen shall be Rut 
a e r  wfficient area to permit the presser foot 
to contact the specimen over an area having 
a radius of at least 6 mm (0.25 in.) fmm the 
illdcnfor point. A suitable hardnas dckrmi- 
n~tion cannot be made on a rounded. un- 
oen. or rough surface. 

Koit 2-The minimum requirement for the 
I h ~ L n c m  of the ,psimen is dependent on the 
c\imt of p~ne~~lration of ik indcnwr into the ~ps- 
mn~. that 1%. thinnc- spcimcns may bc u x d  for 
mJieri& having hdr.4ne.s valuer at the uppr end 
01 the sale. The mimnum dblancc from edge ai  
*hxh meawremcnir ma) bc made likewise d e  
IW~CI the hardnc.r i n n n u s  For materid5 
hrtins hdness bal,c, above 50 T)p D durom- 
cur. the thd.ne.s oi the Ipuimrn should be at 
h t  3 mm (0 I ?  11 I and mcasumments should 
not hc made cloler lhrn 6 mm 10.25 in ) IO any 
dyc 

5. Calibration 
5.1 The spring can k calibrated by w p  

Wrtlnp the durometer in a vertical position 
and resting the point of the indentor on a 

D 2240 

small spacer at the Ccntcr of one p n  of a 
chemical balance a\ shown in Fig. 3 in order 
to prevent interference between p m x r  faat 
and pan (Note 3). Thc spacer shall have a 
mall qlindrical stem approximately 2.5 mm 
(0.1 in.) in height and 1.25 mm (0.05 in.) in 
diameter, and shall be Sli8hfl) cuppcd on top 
te acwmmodate the indentor point. Balance 
the m a s  of the spacer by a lare on the op- 
posite pan of the balana. Add weights to 
the opposite pan to balana the fora on the 
indentor at various scale readings. The mas- 
wed force shall cqwl the f o r a  calculated by 
either Eq I witbin * 0.08 N or Eq 2 within 
t 0.44 N. 

Nmt: 3-lnstumenb specifically designed for 
calibration of dummcren may k uud. Zwick & 
Co.. Control Equipmcnl 7501. can k u u d  far 
calibration as 11 is amble of mcawrinn or ar- 

I ) i n l 8  fora on the h i n t  of the indcnl& within 
!.004 N for 8 Type A durom,ctcr 8nd within 0.02 N 
fw * T m  D durancler. Z W U k  Control EcuiwneU ._. - _,~__ .. 
7501 w t h  serial numbcn higher than W A - h I  
are satidactor, far this work. In<trumu 4 t h  
h e r  serial numbcn m u s  bc modified.' 

6. Codltioniy 
6.1 Tests shall be made a t  23 + 2 C 

(73.4 f 3.6 F) if the temperature of test k 
not specified. When tests arc ma& at other 
temperatures. it is recommended that t h y  
k made at one or more of the standard km- 
pratures given in ASTM Recommended 
Practice D 1349. for Rubbcr-Standard Tan- 
peratures and Atmospheres for Testins and 
Conditioning.' or Procedure A of ASTM 
Methods D 618. Conditioning Plastics and 
Electrical Insulating Materials for Testing.' 
The durometer and specimens shall be condi- 
tioned at the temperature of t a t  for a1 kart 
I h before test for materials whose hardness 
i5 not dependent on the relative humidity 
("e 4). For materials whow hardness is 
dependent on the relative humidity. Ihe rpcc- 
imcns shall be conditioned in anordance 
with P r d u r e  A of Methods D 618 and 
tested at the same conditions. 
NOTE &When a dummciu is mnvd fmm a 

chamber klou room Icmpcnture to a hieher 
temperature. the duromaer shall bc p l a d  in a 
suitrbk dcuccator or airtight mntainer #mdia tc l )  
. . ._ 
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upon remoral and illoucd lo remain there until 
the lcmperAvrc or the duromner ir abow the dcu 
point or the air in the ne- environment. 

7. Procedure 
7.1 Place the specimen on a hard. hori- 

zontal surface. Hold the durometer in a ver- 
tical position with the point of the indentor 
at lead I 2  mm (0.5 in.) from an) edge of 
the spceirncn. unless it is known that identi- 
cal results are obtained when measurements 
arc made with the indentor at a lesser d i r  
mce. Appl) the presscr foot to the rpecimcn 
u npidl) as posbiblc without shock. keeping 
the foot parallel to the surface of the speci- 
men. Apply just suficicnt pressure to obtain 
firm contact b e t w a n  presser foot and rpcci- 
men. 

NOT€ S-BeIter reproducibilit) ma) be ob- 
mined b) u ing  either a dummncr stand or a 
wight ccn~~rcd on the a%is of the indentor or both 
10 appl the prc%xr fwt to the w i m c n .  Recom- 
mendedueiphts arc I h8 lor the T ) p  A dumme- 
Icr and 5 hg for the T!pe D d u r o w r .  

7.2 Unless otherwise specified. read the 
scak within I s after thc p m w r  foot is in 
firm contact with the specimen. unless the 
durometer has a maximum indicntor, in 
*hich caIc the maximum reading is taken. I f  
a reading after a time inrmal is specified. 
hold the presser foot in contact with the spec- 
imen without change in position or pressure 
and read the scale a k r  the period specified. 

Norr 6-Dummetco having onlj a maximum 
indicator canno1 hc uud to obtain hardnee ~ i l l u n  

D 2240 

7.3 Mike five measurcmcnls of hardnm 
at ditkrcnt po\itions on the specimen at ha 
6 mm (0.25 in.) apart and determine the 
median value or the arithmetic mean. 

Nork 1-11 I, recommended that mnsuremem 
be made r i th  the T! D duromelcr whm ralm 
above 9U arc obiune%uith the T ) p  A dummw 
and that measurement\ be ma& with thc Ttp 
A durameter mhcn rrlvrr Ins than 20 ue .&. 
lained with the T > p  D dummenr. 

8. Report 
8.1 The report shall include the followiw 
8.1.1 Complcte identification of matemi 

ICSICd. 

8.1.2 Description of specimen, indulin8 
thickness and number of picas plied. 

8.1.3 Temperature of test if other than 21 
C. and relative humidity when hardness of 
material is dependent on humidity. 

8.1.4 T)pe and mmufaclure of dummc- 
ter. 

8.1.5 Indentation hardness time interval at 
which reading was taken. and dam de%- 
nating basis. median or mean value ( N e  8). 

8.1.6 Date of test. 
Nort 8-Redings may be rsporlcd in Ibc 

form. A/45/t5 whcrc A 1% the I)p ofdummncr. 
45 the reading. and lj the lime in seconds tho 
the prcwrc lwi IS in firm corn.* with the rpd- 
m a  Simibilrt). D/60/1 indicates a rcadiw of 60 
on the T)pe D durometer obtained either wilhln 
I s or from a niatimum indicator. 
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- !  4 dfb Designation: D 2884 - 73 (Reapproved 1979) 

Standard Recommended Practice for 
DETERMINING PERMEABILITY OF 

THERMOPLASTlC CONTAINERS' i 

1. scope 
1.1 This mommended practice covers pro- 

cedures for determining the permeability of 
thermoplastic containers to packaged reagents 
or proprietary prcducu under spceified con- 
ditions of cxposure. Thc exposurer used are 
intended to simulate thc normal and elevated 
temperature-storage conditions that might be 
encountered in end-uu application. 

1.2 The recommended praclzcc is applicable 
only to thosc types of containers designed 
to allow positive. leakproof closure. 

1.3 Two procedures are providd. 0 1.3.1 Pmrdurr A is specific to testing 
onlj mith a standard design container. This 
procedure provides for determinations of rate 
of weight loss (or gain) and for calculation of 
a permeability factor. 

1.3.2 Proredurr B applies to ks ls  of all 
other container designs. Pcrmcability data by 
this procedure are expresd  only in terms of 
rate of weight loss (or gain) for the particular 
container tested. 

NOTF I-The b d u a  slated In SI mils are LO bc 
rcgarded as the standard 

2. Snnnrrj 
2.1 Test boltlet are filkd with the t a t  

product and. after scaling. are exposed at 23 
C (73.4 F) and SO C (122 F) conditions for 28 
drys or longer. Measurements of weight are 
made at intervals to determine thc average 
rate of weight change. 

through the walls of a container durins 
1 
! .; 
i 
i 

3.2 In the abvnce of adequate supponrq . I ' 

storage. The test is also uxful  for isolalrpq 
the effects of a container design and m ~ ( p ~ -  
als. and is applicable for dewlopment a* 
research and for spreihcation purpour. 

data. extrapolations or correlations of r&g 
to conditions bcwnd those of the test arc no( 

mommended bccaulc of possibk pmdw 
alteration. solvency. or chemical effccu 011 ch 
plastic. etc. 

4. Definition 
4.1 pernreabiliri /actor, P,-the perma- 

bilit) of n given plastic to a given pmduc~ ai 
temperaturc I. in d e g m  Celsiu% cnpmvd 
in units of g . cmjday . m', as determined by 
Procedure A. The pcrmeabilitj factor under 
23 C k s t  conditions. for example. is signikd 
by the notation 8,. 
4.1.1 Oeterminadon of P, is b a d  on an 

averaged wall thickners over the entire a m  
of the container and an asunption that pr. 
mcation rate i+ inversely proportional to the 
thickness. Precaution in the cttcnt of allow- 
able variations of these factors is rmm-  
mended, and u x  of P, should take into con- 
sideration that wall thicknc$s of the containen 
varies, that the otimatc of average thick- 
ne% from densit). area. and weight is not 
exact, and that permeability of thc product 
through the plastic materlal ma! not be di- 
mtl) proportional to the thickness. 

i 
j 
1 

1 

I 

i 
I 

. - . 
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9.9.1 Calculate the pcrcentagc wcight los 
or gain after a given cxposure time as fob 
bws: 
Weight I w  (at time x). permi - IIG. - G.)/N.I x Im 
Weight gain (a1 lime I). percent - I(G. - G.)/N.I x Im 
where: 
G. = gross weight of unexposed bottle. C I ~  

G. = gross weight of e x p o d  bottk. closun 

N. = net wcight of unexposed test pmdm 

9.9.2 Rare o/ Aoemge Weight C h a n w  
Plot the weight changes. G. - G. for hup 
or G, - G. for gains, velsus time in days 01 
mtilincar graph paper. Draw the k t  
straight line through the poinu. climilutirp 
those points of initial and eventual d e b  
tion from equilibrium rate condition% and 
from the slope of the line determine the nle 
of average weight change. R. in grams p r  
day. Note whether it is loss or gain. (See FB. 
2 for example plol.) 

sure. and contentr. g. 

and contents. g. and 

in the bottle. g. 

sums. usine sufficient torouc to Drovide msi- - - -  
live gal. Avoid distorting the container when 
capping. 

?COTE 5 - h  nmhcd or tcstirn rm a Dool xal 
0 

is 10 immerse an upright -1 conuincr in’. buker 
filled 10 the b.x of the a p  with a liquid that will 
not atuck Ihc plastic. When a vacuum of I 5  in. 
Hg is  ap M lo the entire system. I p w r l y  ruled 
bottk u% give OR bubbkr from the ruled a m .  

Sorr  &Any &formation of the conuirrr dur- 
in x a l i q  may result in a volumc change which 
-!I afwt IIK b a l  M pressure. An ipplialion 
toque 01 1.7 N.m (I5 1bf.in.b has ban found rum- 
cicnt 1orthcsunQdcontainainF~. 1. 
9.6 weigh the scaled containers. 
9.7 Unless o thmk spdicd, expose one 

set of containers in the Standard Laboratory 
Atmosphers 23 f 2 C (73.4 f 3.6 F) and 
50 + 5 p a n t  relative humidity. and an- 
other set in a circulatinflir oven mntrolkd 
at 50 f I C (122 f 1.8 F). PIaa  the mn- 
tainers upright on an inert metal xmm or 
perforated sheet 511uppon to allow air circula- 
tion. Place a tray beneath the container w p  
pon to collect hkagc’of pmducl. if failure 
a e u l s .  Provide enough spacing between the 
containers so they do not touch each other. 

. .  
9.9.3 Penneabiliry Facror (.see 4.1)- CaI. vent any possible crorr-eontamination in chc 

lest chamber from other agents. 
KorE 7-For a m i n  relatively unstable or spoil- 

rbk produet% the UY of ds*atcd mpnture 

culate the permeability facton as follows 

For P, in metric units. g . cmlday . m’. 
P, - RTIA 

cxporures may no1 be appliabk. 0 .9.8 Weieh the containers aRer I day, 7 R - rate of average weight chanm g/day. 
d q r  14 days, 21 days, and 28 days. In-ar- 
tain cases. a study rate of wckht change T = average bottle wall thickness. em. al- 
ma? be reached in either a h o n e r  or longer culatcd from bottle weight, a r a  in 
period. Other intervals can then be used. em’, and density of the bottle malerial, 
The? should be regular and r e p o d .  for example: 
9.8.1 If Ihe weight fhange appears ab- wei@ 01 b t t k  (8) 

normal for any of the containers during ea- 

from 9.9.2. and 

T = 
densit, (g/crn’) x a r u  . .. 

posure. inspect the containers to ensure that 
a positive seal eaists. If a leak is dckctai. 
retest with a new specimen. 
9.82 Cool in thc Standard Laboratory At- 

mospherc until consistent weighing, are ob- 

A = bolllc rurfaoc a ~ a ,  m2. 

NOTE &For P d u r e  A. where h e  sundrfd 
4-o~ Boilon Round h ~ k  ir used (U.(Cin.’ am). 
the rollowln8 ccluat,onr en 
To calculnts P, in metric unie: 

mined. Resume oven e a w s u ~  &in 6 h ~ ~~ ~ ~~~~~ ~~ r~~~~~ . ~~ 

E luda?) X weight of  bottle^! 
densit? (glcm’) x 2.358 

P# - RT/A = from removal time. 
9.8.3 In elevated-temperature tests. rotate 

the locations of the s*mcns in the oven 
when mxposing a k r  each interval to mini- 
m i x  possible bias due to variations of air IO. Procedure B (Nonsandard Concaimr) 
flow and temperature within the oven. 10.1 Follow the p d u r e  of test given in 
9.9 Calculationx 9.2 through 9.8. 
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APPENDIX 
AI.  MIXED u.s CVSTOMAIV-METRIC UNITS ASD CONVERSIOS F A ~ R S  

AI.1 For P, in mixed US. customary-murk 

or a;& *eight chnge. Elday. from 

.rC. in in!. ,,,d 

eumpk. il bottle surfaa ma is 23.8 in.'. 
uniu. 8 .  mil 'dav IM) in.'. 
R - mired u,s, RluoMly-mnr* 9.9.2. 
T = avens  bonk wall thickness. mils. mlcul- units not raomrncnded lor PnCd but 

htd rrom bottk are included to a t a b l i i  a relationship with work 
dearip. for examp*: that has k n  prwiously acmmplirkd in lh is  a m .  

A1.2 To convert P, valun bet- systems use 
tk folloviy cquationl: 
P, (metric units) - 0.0394 P. ( m i d  U S  

.m (in;, tomar?merric units) 
P, ( m i d  US. cusmmarymaric units) - 25.5 

A - 0.238. 

-eight of bottle Igl X IMO (mih/in.) r - - -  
dcnii? @/em') x 16.39 (m'/m.') 

A - bottle rurlaa area in units 01 100 in.': lor 1, (metric units) 
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Standard Test Method for 

VAPOR TRANSMISSION OF VOLATILE LIQUIDS' 
RUBBER PROPERTY- 

cupr 
! rhis method wvers the measurement of 

2c .,:rof\apr transmissionofvolatile liquids 
2-.F?h a rubber sheel, dirL. or diaphragm. 

: \pplicrble Document 
L i  ISTMMsandd 
:I .:-67 Practice for Rubber-Measurement 

i t  Dimensions' 

i %siliiaoce 
: ! The rate of transmission of a liquid 

:.*irh il rubher sheet. that acts as a barrier, is 
.- y k n i  in rubber diaphragm performance .. c ..:her similar industrial applications This 
:-mission is referred to as vapor transmis 

c.-.inuciheliquidd~uurathrou%thenrbber 
: 2 molecular sense and escapes into free 
. - q h e r e  in \apor form. 
i : The tcsl is applicable only to the mate- 
1'. in sheet form of moderate thickness and is 

.--.ipll> useful for wmparing the relative 
+r transmission of diNerent liquids in the 
--Y ruhber or of the same liquid through 
-':'crent rubbers. Comparisons should not be 
: in which both diNerent rubbers and dif- 
':'CP.i liquids are uxd. 

rurface of lhc specimen. The apparatus shall k 
kept in a constint temperatu& &binel or mom 
at 23 f 2'C (73.4 f 3.6OF). 

4.2 Vapor 'Trammir r ion~ lA  glass jar of 
approximately 236-cm' (Vi-pt) capacity wilh an 
opening of 60.3 f 0.4 mm (2.375 f 0.015 in.) 
in inside diameter and a wall 3.2 mm (0.125 
in.) in thickness at the opening. which shall k 
ground flat without rounded edges to a smwth 
ground-glass fiish at the mntact surface. The 
opening shall be equipped with a metal m w  
ring clamp holding a smooth-edgcd. flaL sheet- 
metal ring 55.6 f 0.4 mm (2.188 f 0.015 in.) in 
inside diameter and approximately 68.3 mm 
(2.69 in ) in outside diameter. The ring damp 
and ring serve as a clamping device for holding 
the specimen against the ground-glass-edge of 
the jar with a circular specimen area 55.6 mm 
(2.188 in.) in diameter e x p o d  to the air while 
permitting the screw clamp lo be tightened to 
form a leak-pmof seal without subjecting the 
specimen to torsional strain. When tealing ex- 
tensible materials a circular disk of 16- to 20- 
mesh screen shall be placed inride the screw 
nng clamp between it and the flat metal ring to 
prevent strelching of the specimen during the 
test. The screen disk may be soldered in place 
on lop of the sheet metal ring if desired. 
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0 

6.2 Afrer weighing. fflven each tat j& 

in such a way that the entire inner suria i  
the sDecimen remains in contact with the LLnil 

a;embly as that of the &re curruacd fm 
added weigals and rerod lo the neann 
and mord 

sembly and place on the rack, supponinga) 

4.3 Diol Micrometer-IXc dial micrometer 
shall conform to the requirements of Method 
A of Practice D 3767. 

be Of suiw- 
ble capacity capable of weighing to 0.005 g. 

ncarcJI o,oo5 8, 
4.4 Bduncc-The balance 

5. Test Specimens 
5.1 The test specimens shaU mnsist of cir- 

cular disks 68 mm (2.69 in.) in diameter, cut 
with a sharpedged die from a sheet of the 
material b c i  tesred The lhicknes~ of the 
sheet, which shall not exceed 3.2 mm (0.125) 
in.), shaIl he measured using the dial microm- 
eter described in 4.3. 

5.2 For evaluating the vapor transmission of 
a panicular liquid with respect to a given rub- 
ber, three specimens having tbe same nominal 
thicknus within a tolerance of f3 % shall be 
lcsted. The vapor transmission of the liquid 
shall k taken as the average of the values 
obtained from the two rubber specimens giving 
the lowest results, providing these check within 

throighout the lest. If the rack is locakd 
conditioning cabinet, take care to remove.6j 
fused vapori from the chamber and to agp --I 
free circularion of fresh air by means of ab 1 
or other suitable device. Twenty-four hm: 
aRcr inverting the jar, again weigh it ayio 
the tare jar. Any excessive lms of m a s  i n d i i  
that leakage due to improper seal is  m u -  
Remove such test memblies and replace t h o  
by new assemblies properly prepared, Rem 
the test assembly lo the rack and lcw+ 
against the tare aRer periodr of I20 * 2 h ani 
192 f 2 h from the initial inversion. Conrids 
the difference in m a s  between those oblaine4 
at 120 h (5 days) and at 192 h (8 days) divied 
by 3 as the average massof liquid lost per UFe 

*220 % of the aver& Y) determined. NOrE 2-In ihis test, the specimens are aUavd 
to remain in contaci with rhc liquid roar 5 days beka 
rianing mesSuRment of the loss in order lo pm 
the rare of diffusion oflhe lquid 10 b m c  u n i h m  6. F%cedure 

6.1 With the vapor transmission jar in an 
upright position. place 200 cm'of the test liquid 
in it. after which kit the test specimen over the 
mouth of the jar, place the ring and wire screen (\rr~) of liquid to tb 
in @tion. and down the screw ring 
damD lis?htlv. Hold the asscmblv in the con- 

7. Calculation 
7.1 express the vapor 

rubber employed and c a l ~ l a t e  as follows: 
. I ,  

slant temperature cabinet or mom at 23 -c Z°C 
(73.4 & 3.6"F) with the test disk lightly in place 
until tempcrature equilibrium is obtained, 
Then screw down the ring tightly and allow the 
alumhly to stand in an upright position for 2 
h. Make a tare assembly using a duplicate jar 
and a test specimen of the same size but without 
the addition of the mt Liquid Place suitable 
weighting material such as lead shot in the tare 
jar  to bring its mass IO approximately that of 
the assembled jar and contents. Condition the 
talc jar at the test temperature. seal it. and 
handle throughout the test in a msnncr similar 

Vapor transmission rate (VTR). mg/s.m* - 4.05 
x average mass in gram ofliquld lost per ?J! 

6. Report 
8.1 The repon shall include the followin;: 
8.1.1 IdeniifKation of the tees( rubber. 
8.1.2 Thickness of the lest rubber 10 lb 

8.1.3 Identification of the test liquid, and 
8 1.4 Vapor transmision rare (VTR) of Ib 

liqtiid. expressed in milligrams per second p 
squure metre of wW.d area. 

nearest 0.02.5 mm (0.001 in.). 
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I. sfop 
1.1 These methods describe proccdurcs for 

the testing of coated fabrics. 

COIiDlTlON 

2. S~ardsrd Conditroa 
2. I Trsr Condirroe-Coated fabricb shall k. 

tcstcd in standard condition, unkss otherwise 
specifid. 

2.2 Sraednrd Condirion-Standard aondi. 
tion of coated Fabrics shall k that reached by 
the fabnc when in moisture quilibrium uith a 
standard atmosphere having a relative humid- 
ity of65 percent at 21 C (70 F). A lolcrance of 
t 2  percent i s  permitted in relative humidity 
and 1.1 C (1-2 F) in tcmpraturc. 

2.3 Moisrun Equilibriuni-It shall be con- 
sidered that moisturc equilibrium i* reached 
=.hen. a fkr  fra exposure to air in motion. 
there is no progressive incwase in ucight. 
Moisture equilibrium shall k appmached 
from the dr) side (not moisture-fm). Cenain 
coatings ma) greatl) retard moisture pnctra- 
tion into the fabric and. therefore. fabrics 
coated on both rider ma) require 24 h or more 
IO reach equilibrium. 

3 I For all le51 purpovx the minimum time 
between \ulcitniration and testinp should be Ih 
h. 

3.2 For nun-product te\t*. the niiiximum 
time k l n e c n  \uIcaniidiion and tcrting should 
he 4 week\ and for evaluat~~m\ intended t u  he 
comparable. the tc*t\. a\  far as w*sihle. *hriuld 

3.3 for product tats. wherwcr pou&e.t& 
time h u e e n  vulcaniraion and testing shoy 
not eacced 3 monihr. In other c a ~ ~ ,  I- 
should be made wlthin 2 months of the dated 
ncript by the eurtomer. 

NOTf I-*ion 3 is no1 applicdbk for wtod 
hhricr not rquirmg bulcanizaiion 

DI\IEFiSIO\S ASD WEIGHT 

4 Length 
4. I G r n e d  Mrrhod-La) the codtcd fabnc 

out smooth. without tennon. on P horizontal 
surface and measure the length parallel to tk 
Selvage: or, meawe suooccsive punions. each 
at leasl4.57 rn ( 5  >d) in kngth. under ihc saw 
condition,. 

4 2 Drum Mrrhod-Run the coated fabric 
over a measurin: drum uith just enough 
uniform tension to keep i t  running flat and 
true Determine the length from the d i d  or 
counter on the drum and 113 cdtlbrJtion. 

5. Width 

5.1 McaSUR the uidth with the coated Cdb 
ric Paid out smooth on a horironlal~urFarr but 
mitbout tension in either direction Report the 
average of ill leaht b e  different measurement5 
uniforml) di>tributcd along the full length ofa 
roll vr pisurr d\ the aterage uidth of the roll or 
piece. 

- . -. 
' T k s  muhuh 8- undcr Lr J Y n X t U t i m  Or ASTY 

C-ntr. &I I 00 R u b k  and am Ikr dsnci mpsiI11I11y 
o( subrmmmrr DII 3- on Cwlaf F i b  and Rubtir 
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scale nner the tert specimen has ruptured. 
9.4 Copacirr-If the machine is of the pen- 

dulum type. it shall be of such capacity that the 
maximum lodd required lo break the specimen 
shall be not greater than 85 percent or less than 
I5 percent of the ratcd capacity. 

9.5 Machine €flcienc?-Thc error of the 
machine shall not exceed 2 percent up to and 
including a 200-N (SCrlbO force and 1 percent 
over 200 N and I percent at any reading within 
its loading range. 

la a m p a  for FlMm 
10.1 The clamps for holding a spoeimcn of 

coated fabric shall haw mctallie gripping sur- 
fa- sulficiently smooth. rial. and prallcl as 
lo prevent the t a l  specimen from slipping or  
moving between the gripping surfaces when 
held under the pressure normal to operation. 
The dimension of all gripping surfaca parallel 
lo the direction of a p p h l i o n  of the load shall 
be 25 mm ( I  in.1: the dimension perpendicular 
to this dimtion shall be I in. for the face jaw 
and 50 mm (2 in.) o r  more for the other. All 
cdgu thal mkht raux a cutting action shall be 
rounded to a radius of not over 0.4 mm (bin.). 
The design of the clamp shall be such that one 
gripping surface shall be an integral part of the 
rigid frame of the clamp while the other shall 
k on a part hinged or swiveled IO the movabk 
member of the clamp. The pmsure between 
the gripping surfaces. sumcicnt to clamp the 
specimen firmly before the tcstinz'load is 
applied and 10- prevent slippage &ring the 
progress of the test. shall be secured b) any 
suitably constructed mechanical device operat- 
ing on the movable member of the clump. The 
distance b e t m n  the clamps at the start of the 
test shall be 75 mm (3 in.). 

NVTE C A S  a practical method of dacrmining 
the dcmc of frincsr and pnlklirm of thc asem- 
bled damp mcchdnlm it is mmmcndcd lhat a 
shea of thin whitc pupr. betwan two thin shehens of 
carbon paper. h: placed bnwnn the gripping sur- 
f.ices. and thcraus then hmught tognher with a light 
pWWE 

II. Tat Specimens 
11.1 Specimens 100 mm (4 in.) in width and 

not less than 150 mm (6 in.) in length shall be 
cut from the coated fabric for tm. Two sets of 
five specimens each will be required. one sct for 
longitudinal breaking strength having the 

! 

D 751 

longer dimension parsllcl to the tenBih-'. 
direction of the goods. 3nd the other I* for 
transvene bredking strength. having the lonm 
dimension parallel IO the crosswise dimio,,+ 
the goods. NO two specimens shall contain 
~methrcadsof thcfabr ic in  t h c d i r a t i o n ~ ~ k  
tested. Unless otherwise specified. swimcp.. 
shall be taken no nearer the selvage than 
tenth the width of the c w e d  fabric. 

12. Procedmrc 
12.1 Place the specimen symmctricatiy b. 

the c l amp  of the machine (see Fig. I) with h. 
longer dimension parallel lo  and the +ana+ 
dimension at right angles IO the dimtion ,+i 
application of the force. Report the avcragco[: 
the results of the five individual testa in cash' 
direction as the longitudinal breaking arengw; 
and the transverse breaking strength d tk 
fabric. rcspctiwl). If a specimen slips in ihc- 
clamps. breaks in the clampr. breaks at the 
edges of the clamps. or if for any mlon 
attributable to fault) operation. the mutt lab 
markedly below the ave ras  for thc yt of 
specimens. discard the resub. take amher 
specimen, and include the result of this break 
in the average. 

B-Cur Strip Method 

13. k n k r  
13.1 Make the breaking strength tat by 

the CUI strip method in amrdana with the 
directions for the grab method (Sections 9 to 
12). with the exception that the specimens 
shall be cut 25 mm ( I  in.) in width (or other 
width when specified). 

ELOSCATION 

14. Procedure 
14.1 Unless otherwise specifi. obtain the 

elongation of a coated fabric at any stated 
force when the breaking slrength (Sections8 to 
12) is  determined and for the same spcimens 
by means of a suitable autographic recodin# 
devia  on the testing machine. The elongation 
shall be the average of the results obtained for 
five specjmcns. and it shdll be cxpresxd as the 
percenvaye increase in length. Since the initial 
kngth and. therefore. the measured elongation 
depend upun the load applied in placing the 
specimen in the clamps of the machine. place 
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. I U J ~  uf 1.7 h (6 oil-), or other initial 
.. .~;iiicd fur the particular nraterial in 
. ,.Q m the specimen before gripping the 
nrp In the lower clamp of the machine. 

.. .I,!: 111s elongation from the stan of the ~. ,how7 on the graphic record. 

... 

OL'RSTIXC STREKCTH 

.: Intine XIachine 
.I The machine uscd for determining . .::n$ mength shall be either of the follow- 
: '!'cj. 
;! Tension Tesring Machine with Ring 

;?p--Thc tension testing machine de- 
: -.;J in Section 9 shall be equipped with a 
.:.:mg aivachment of such design that the 
..-:acn held securely by a ring-clamp mcchd- 
.: 210 0.05 mm (1.750 * 0.002 in ) in 
;ml dwneler with the center of the speci- 
-:- pterxd against a polished steel bdl of 
. d = 0.025 nim (1.ooO f 0.002 in.) in 
..-tier until a burst is produced. The d i w -  
. df motion of thc ring clamp shall be at 
:: JngIe< to the initial plane of the specimen. 
..: i ip~it!  of the machine shall be constd- 
:e .uitabk if. when the specimen breaks. the 
:;:: uhich the pendulum maker with the 
:.'.:AI I) between 9 and 45 deg. 
' ! Diaphragm Bursring Tester-Require- 

-:-h for a diaphragm bursting tester arc 
..'ad in 15.3 I. I5 3.2 and 15.3.3: however., 
.. .xachinc that operates on the same princi- 
:radh.i~coarialaperturesof31.2 a0.5mm 
1: 00: in.) in diameter in the clamping 

."AX> is il valid machine for this test 
I .: I The testing machine to be used ma! 

'c :.!5:r mech;inically or manually operated. 
k : I  pcrmit the clamping of the material to 

:':-icd betwen two circular clamps nut less 
'-: 3 mm (3 in.) i n  diameter having coaxial 
::xrc, of their centers 31 2 i O S  mm I I 14 
' 'U: in I in diameter. The surfaces of the 
-7 ktucrn which the , p a h e n  is to bc 
.:d >hrll be concentrically grooved. The 
. '.CI \ h d l  be spaced not less than 0.8 mm 

in I apart and uf a dcpth not lesr than 
Glm 10 006 i n  ) The grooves rhall not st.irt 

than 3.2 nun (0 I25 in ) from the edge of 
': Jpcrturc. The surf.iccs of the clamps shall 

~ C I d l l i :  and uny edge which might caiiw a 
. :'a: aciion rhdll he roundrd to a radius or 

'~'erfl.4mrn(Uiin ). Thclorrrclamprh:rll 

I. j j  " 
.' ! +.$ i 

: L, 
I i: 
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he integral uiih the chmiber in  which a 5crcu 
shiill uprate to fora: illiquid pressure medium 
at a uniform rate of 1.64 = 0.07 cm'ls(6.00 * 
0.25 in.'/min) against a rubktr diaphragm 
f i t t d  to expand throu#h the aperture exert- 
ing its force against the coated fabric set bc- 
twren the two clamps. (In thr manually 
operated machine. this shall correspond to ap 

the displacement screw.) 
Ij.3.2 In the mechanically operated ma- 

chine. means shall kt probided for stopping. at 
the instant of the rupture of the specimen. any 
further application of the lwading pressure. and 
for holding unchanged the contents of the 
prrssure chamber until the gross bursting pres- 
sure and lare diaphragm pressure indicated on 
the gase have been recorded. The machine 
shall bc fitted with a Bourdon tube sage. 
masimum-reading type. having a dial I I 4  mm 
(4.5 in.) in diameter. and the scale divided to 
redd in 2-N (0.5-lbf) * . :. ..B units. with L range of from 
0 to Mo N (0 to I 
within a2 K (0.5 Ibt). When th; gage is 
calibrated. it shill1 be mounted in the same 
relative position as on the bunting tester. I f  
calibciled with a dead-Wright mler. the 
weights shall he spun slowly to ensure free 
action ol' thc piston. 

Nor1 S--r\ higher c ~ p r c i t y  sage ma? be u r d  
provided ti rnccib the accurac) requirements. 

15.3.3 Pro\isiun shall be made for applying 
to the spcinien. before clamping. a slight 
initial tension. nhich shall be uniform in all 

.. . 
. e  proximately 2 rps of a hand wheel turning . .  , 

. .  
, i .  

I : .  
9 . .  _.. 

- . !  : ;p  
' ; : ' :2J 
, !  [g ;i .q 
i .  

. ' :  

' , .a 
! : ":$ 

. a  . 
I ' j  

.'.F 

directions. , ; ,  - r  
, i s ,  i? 

16. Test Specimem IF'' 2 

l i :  -& 
I ! :  z: smolles! dimemion of uhich \hall be at least 

11.5 nim (0.5 in.) greater than the outsidr 
diameter of the ring-clamp mechanism of the 
testing m;ichine. 

, ii. .:: 
i j I :: .& . . .Y 

17. Procedure 
17.1 When the pendulum machine is used. 

mount the te*t specimen in the ring clamp and 
move it at a rate u i  5 mnlls ( I ?  in.lmin.) 
against the stccl b~11  until rupturc occurs 
Recon1 the poundr prerwrc us the hur\ting 
strength of the \puctmen. 

l i . 2  When the diaphragm tcbter ib uwd. 
niounr thc rpccmen bctucen thr ring clamp 

173 



#fb D 761 

.- and the b a u  surface with a uniform knsion. force of gravit). 
4ppl) the pre.wre at u constant rate a5 
prncribed in IS.? I until rupture occurs. Re- of the specimen. 
c w d  the pounds pressure and then release the 

21. A@~rtmemr of Apparatus upper clamp complncly. allowing the vare of 

3 1.5 Knrfe arixhmenl for inithi srlni 
s a 

rhc diaphragm to register on the p&suregage. 
Report the bursting strength of the material as 
the gross pressure minus the tare of the 
diaphragm. 

NOTE +When the diaphragm buncing tester ir 
u d .  it is mmmmdcd that the dilTercncc ktuecn 
the g m r b  bunting -urn and the urc dia tugm 
prnrurn k rcpurlsd IS Ihc bursting rma I? or the 
material. 

is. cdmi.ck. 
18.1 The average bunting strength of the 

material shall be the arithmetic mean of the 
r e s u l ~ ~  of tm tau and reported in pascals or 
pounds per square inch. 

TFARINC STREKCTH 

19. S e g e  
19.1 The tearing strength of the wid 

fabrics shall be determined by either the p n -  
dulum method. or the tongue tenr method. 

A-Pendulum Method 

20. Tuuy IMllche 
20.1 Pendulum-type machine wherein the 

specimen is held betwan a pair of clamps. one 
morabk and one Wdtionar). and torn by the 
h l l  of a pendulum through the furceofgnvily. 
The machine shall conria of the following: 

20.1.1 Pendulum carrying a circumfercntial 
graduated SIC so as to indicdte the f o e  used 
in tearing the specimen. 

20.1.2 Movable clamp errrid on a pen- 
dulum, preferably formed by a sector of a 
wheel or circle fmc lo swing on a ball or other 
substantiall> frictionless hearing. and a $la- 
lionary clamp. The gripping surface of the jaws 
in each clamp shall be not less than 25 mm 
10.98 in.) wide and 16.5 mm (0.650 in.) deep. 
The c lamp shall be seprrated b) a disldnrr of 
2 5 mm (0 I in ). 

20.1.3 Pointer and pointer stop to mud 
the maximum arc of swing of &e w t o r  
pendulum. 
?O.I.4 Scctor r c k a u  10 hold the pendulum 

in 4 ra iud pisition during the mounting of the 
spesimcn and tu p r m i t  i t  11) full through the 
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21.1 For apparatus having a seaor =* 
pndulum. and which tears the spcfimn ai 
moves toward the right. draw a pencil 
the hay of stop mechanism 25 mm (I in m: 
the right of the edge of the sector stop. u-* 
the m o r  raised to itr initial position 
pointer set against i t s  stop. on relaling 
sector and holding the stop down. rhc - 
should make at  least 20 oompke orcillar-. 
before the edge of the s t o r  that cngaes 
the stop no longer passes to the kh of 
pencil line. Otherwise. the bearing &ail h 
oiled and adjusted. 

21.2 Level the in,trument so that. with 
sector free, the line on the sector indicatin~ Ibt 
vertical from the point of suspension mineid.. 
witdcorresponding point on the base o f k  
instrument. usually placed on the stop mcfhr- 
nism. After leveling. oprate the instruma. 
several t i m e  uith nothing in the jaws. d 
movnble jaw being c l o d ,  to ascertain if tk 
pointer registers zero uith no load. If ZCN b 
not registered. the polnter stop should k 
suitably adjusted until the zero d i n g  is 
obldincd. If it i s  ncccwry to move h e  poinlcr 
stop. the pointer friction should be cheeked II 
follows. Set the pointer at the zero d i n g  on 
the scale before releasing the &or and after 
rcleaw sa that the pointer is not pusbed mote 
than three scale divisions beyond the zero. A 
reading of more than thrce divisions indicates 
exmsive pointer friction and the poinln 
s b u l d  be rcmovcd. the bearing uipd clan. 
and a trace of oil or petroleum jelly applied. 
When the pointer friction har been rcdurxd. 
findll) adjust the point stop. 

22. Callbnliom d A p p u r t n  
22.1 Level and adjurt the instrummt on a 

kvel sheet of plate pllass and clamp a know 
mass in grams. W. to the radial edge of the 
sector hcncath the jaus. The enter of gnvit) 
of the mar\ (including meum of attaching) 
h a l l  br previousl) marhcd b) u punched dot 
on the fwv ofthe m 3 ~ ~  that I\ to be in the fronl 
of the instrument. 
22.2 R a i v  and sct the sector as for wring a 

specimen and. by means of a suriace sage or 



.,,enlent means. mrasure the height. 
-c icnter of gravity of the mass above .. p l r ~ e  Then release the senor. allou it . L. lnd note the pointer reading. With- 

.:g,n: the pointer. raiw the sector until 
-.. <dl the pointerjust meets with itsstop.' .. pr,itlon again determine the height 
.. netre,. h. of the center of#ravity of the 

,. ,-dw the glass plate. 

.. 

. -. 

. : The uork done is W(H - h) gram- 
-::%,. The pointer reading for the 

<-:d instrument and method specified 
.: k a, follows: 

.-. ' J  FIW forces from 75 to 400 g form a 
.+ range for the calibration. one or more 
.: ;Iamped on the cdge or the sector in 
:-a positions. the work done in raising 
.: ving calculated and added together. 
::I \lahe a record of deviationa of the 
:.xed readings and make companding 
.s;..lonr in the test results. 
::n I t  is unnecessary to repat the calibra- 
. CI the instrument provided it is kept in 
..iment and no pans become changed or 
'7. but the tearing distance, which quals 43 
. 81.7 in.) shall be checked prior to each 
c1 of tests and adjusted if necessary. 

Test Specimen 
.: : The standard test specimen shall be a 
' r y k  of cloth approximately 100 mm (4.00 
long and cxaaly 63 mm (2.50 in.) wide. - :he slit to be cut 20 mm (0.8 in.). thus 
tgg a distance of exanly 43 mm (1.7 in.) 
* e n  the end of the slit and the edge of the 
:mCn. 

':E 7-Precautionary measures should k 
-Io prevent or minimuc the raveling out of the 
mu and 10 ensum their k i n g  torn during the 
)or preparing the qxcirnen. a die or templaic 

.'m,ng 10 FIB. 2 is u\sful 

W ( H  - hU137.6 

Prmcdum 
:J I Place the specimen securely in the 

-7Ps Locate the knife attachment sa as IO 

' :he specimen miduay between the clamps 
' ?ht dngks to the upper edge of the clamps 
' " k d  slit extending from the bottom edge of 
':'Xcimcn to a point 4 mm (0.157 in.) abavc .-.._ > - . . . .  .. - 

i ..-- 
1 

I 

i 

. up mge 01 me cramps tcavtng a atstance 01 .' %t I .l in.) of uncut specimen perpcndicu- 
''10 the long dimension of the specimen. The 

1. : .  
:In3' :;e* , i 
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accuraq of the readings obvaincd with the 

exactncss of this 43 mm (1.7 in.) of uncut 
specimen. 

lion. the movable clamps shall lie in the same 
plane as the Axed clamp forming an extension 

dicular to the plane of oscillation of the 
pendulum. 

24.3 The perpendicular from the line 
formed by the top edge of the clampa to h e  
axis of suspension shall k I 0 4  mm (4.09 in.) 
and shall make an angle of 27.5 de8 with the 
plane of the specimen. 

24.4 Pms the sector release. causing the 
w t o r  to fall. thus moving the pendulum clamp 
away from the fixed clamp sa as to tear the 
specimen. Read from the scale, to the nearest 
division. the force required to tear the speci- 
men. 

24.5 Reject readings obtained where the 
tear deviates more than IO mm (0.4 in.) away 
from the initial slit. Likewise. if the side of the 
specimen above the movable jaw rubs again* 
the m o r  as the tear is made, *en the 
reading. 

24.6 The machine. when used for a given 
specimen. shall be of such capcity that the 
maximum force required to tear the spcimcn 
is not greater than 85 percent or less than 15 
percent of the rated capacity. 

24.7 Make not less than five tests in each 
principal dimtion of the m a d  fabric. 

25. Cdculalim a d  R r p m  
25.1 Report the results as the force in 

newtons or pgunds-force required 10 war a 
specimen. If the Elmendorf Tear Tester is 
used. refer to Table I for calculating values in 
newtons or pounds-force. 

25.2 Repon the average. maximum and 
minimum results fur both principal directions 
of the coated fabric. Designate these as lon- 

;;I 1 apparatus depends IO .L great extent on the ! I  ' 
i , ' 1 "  
I s  24.2 With the pendulum in the raiscd pori- 

to the fixed clamp. This plane shall be perpen- 

, '  
j ' . ; ! I  

! 

I i s  

..& 
gitudinal tear resistance and transverse war : s: 
. 
resistance. 

B-Tongue Trrv Uerhod 

26. TcrciaF. Machine 

4 4  
: :> 
I '  . > I  

26.1 The testing machine used for this test 
shall conform to the requirement% of the 
machine used in the grab method for brcaking 

.. 



strength ( x e  Section 9) with the fvllo*ing 
mdilication%: The face of the Jaws rhail 
mcrsare 25 by 50 mm ( I  by 2 in.) or more wnh 
the long dimension perpndiiwlar IO the d i m -  
lion of applk-lion of the load. All machine 
attachments for drlermininp maximum loads 
shall be disengaged during this test. 

21. Test Specimem 
27. I The specimen shall be a wnnngle of 75 

b) 100 mm (3 by 8 in.) cloth. Five specimens 
horn each of the warp and filling diwctions 
shall be testtd. The &an distance shall k 
paralkl to the warp yarns for thc warp tests. 
and parallcl to the filliq yarns for the filling 
tests. KO two spceimas for warp t w s  h l i  
contain the same warp yams, nor shall any two 
spccimcnr for the filling tests contain the same 
fifIi(Ling jarns. A 7s-mrn cut shall be made at the 
center of and perpendicular lo a short side of 
the rpaimen forming the tonguer orcut strip.  

28. Procedure 

- 
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HIDROST%TIC RESISTAKCE 

30. Hydrmatic Redstanc. 
30.1 The hjdrostatic resistance ,,fa wq 

fubric shall be determined by Method A bb 
UKI a Mullen-t)p h)dmstatic testcr or. 
SpecifKd. b5 Mahod B which uses the h!h 
static prcssure of a rising column of 
(Suter tcst). 

MeJM A-Pmsure Appknoa by M& 
Type Hyirostatir Trite 

31. T d n g  M&hm 
31.1 Rcpuiremcnts for tk lcatiw m* 

are outlined in 31.5 howwer. any m- 
&at oprnler on the same principle a d  
coaxial apertures of 31.2 h 0.5 mm (1.24 
0.02 in.) in diameter in the clamping surrami 
a valid machine. 

31.2 Thc testing michine to be used may b 
either mechanically or manually opcratd. h 
shall p rmi l  the clamping of tho material lob 

28.1 The machine. when u d  for a given 
specimen. shall k of wch capacity that the 
maximum force required to tear the specimen 
is MI greater chvn 85 or krr lhan I5 pcrecnt of 
the rated apacit). 

28.2 Center the speimcn in the madrinr 
with om tongue or cut strip in each clamp. 
Start the machine and observe by means of an 
autographic recording device the fooree weer 
sar) to tear rhc doth a distance of 75 to 100 
mm (3 to 4 in.). 

28.3 If a specimen dips between the jaws. 
breaks or tears in a dimtion other than that of 
the original cut. or it for any reason attribut- 
able to Fault) rchniqw, an individual mas- 
uremcnt fa16 m a r k u q  below the average ICII 
result for the ram& unit. discard and test 
another specimen. 

l9. I Ivn 
29.1 The tearing strength of the test ami- 

men &all & the average of the five hlghest 
peak loads of resistance (not including the 
initial peak) rcgistcrcd during tksepnration of 
the tear The tearing strength of the sample 
unit rhdll bc the arcrage of the mulls obtainsd 
from Ihe fire specimens tested in each of the 
warp and filling d i m i o n s  and shall be re. 
ported separately to the newest 0.5 N (0. I Ih0. 

tested between 1x0 circ&r damps ab& 1! 
mm 13 in.) in diamcter having coaxial a p  
turcs of their ccnters 31.2 i 0.5 mm (12.1 i 
0.02 in.) in diameter. Thc r u r f a w  of b 
clamps between which the specimen is to h 
plaad. shall be wn~ntricolly gloovcd. ?h 
grooves shall be spaced 0.8 mm (0.031 in. 
apart and of a depth not In$ than 0.15 mn 
(0.W in.). The ~ ~ O V C S  shall not start clovl 
than 3.18 mm (0.12s in.) from the edge of Ilx 
aperture. The lowr clamping surface sbl 
have a rrmsion connntric to the apenun 
capable ai' ampting an O-ring having a EIOY 
xctionat diameter of 4.7 t 0.1 mm (0.187 f 

0.004 in.). The machme shall have means o 
appdying hydraulic pressure to the underside @ 
the damped specimen until the sptcimen lailr 
The presrurc rhdll be generated by means ofr 
piston forcing water into the prcuureehambcl 
of the appamtur at the iate of 1.4 t 0.1 em'/$ 
(5.2 t 0.3 in.%nin.). The machine &all b 
fitted with a Bourdon pdge. maximum-readin@ 
typz with the sale divided to read 2 4  
(O.S-lb0 unih. Accurac) >hull be within 2 Nom 
reading. from 0 to 180 N (0 to 100 IW and to 
1.0 prcent  on any readmg over 180 N. When 
the gage is calibrated. it shall be mounted in 
the mmc relative posttion as on the bunting 
mter. 

NoTt +-Any m x h m  that opcratrs on the 
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31.4 A SIKI scale for measuring the height 
of the ualrr  column shall be altachud to the 
water Ie%der in such a way that the zero is in 
the Iidme hornont;iI plane us the constant 
water Icwl at al l  times. A reference pointer in 
fired podion at the level of the facc cf the 
lower ring of the clamp shall k provided for 
measuring the distance of travel of the water 
leveler above the face of the clamp. The xale 
shall bcgriduated in millimelcrs(orsixrcenths 
of an inch). 

35.5 A mirror shall be provided under the 
clamp in order to observe any leaks in the 
fabric k ing  ksted. 

36. Tut Spccimem 
36. I The test specimen of the coated fabric 

shell be a1 least 200 mm (8  in.) Square. The 
speeimn may indude a =am if desired since 
rhc ruhhrr gasket provides a means o f  obtain- 
ing a tight scal in the clamp. At least live 

k tested. 

37. Racdun 

the following t w o  procrdures: 

38.1.2 IVith Procedure 1. the height M* 
(% 

column of wiiter to the nrareslO.01 kp 

% the nearest X6 In.). at uhich the first 
apparrd on rhe underside of each orq 
coated fahric specimens. alto theavenge* 
for ail specimens. 

38.1.3 With procedure 2. the p ~ g l  hrp 
of the column of water and the time elrRl 
before the first drop of water a p p n r d  ooq 
under side of each specimen of the ~ 

fabric, also the aterage value for al l  s p c ~ ~ ~  

AUHESIOB OF COATIhC TO FABRIC- 

.'4 39. Tetiq Machim 
39.1 A testing machine as described i n s  

tion 9 shall be used. cxctpt that the sped or* 
pulling clamp shall bc &&er 0.8s * 0.03 mma 
(2.0 +. 0. I in./min) or 5.M) * 0.02 mls (I? 4 
o.5 in.,min). The faces of 
measure 25 by 75 mm ( I  by 3 in.). with tb 
short dimensions parallel to the d i m i o i  4 

the clamps at the start shall k 25 mm. I f  
machine is of the pendulum t j p .  the pendulm 
shall bcr disengaged from the ratchet. A p. 
dulum-tjpe machine shall be consided to b 
of proper fapacitv for the test. if. when th 
coating warares from the fabric. the angk 

flamps 

from an) wmplc Of materia' 
applicalion of [he load, The dirtanrr klwm 

37.1 Conduct the test according to one of 

37.1,1 p,oc,.,,,,re I -L~) .  the 
on [he face of the lower ting of [he 

clamp, and lower hsten the upper in that the pendulum makes with the vertical I 
place. This shall form a watertight compart- 
ment. When the specimen i s  coated on onlj one 
side. place the cuated side next to the water 
column. unless othcrwlse specified. With the 
IcwAer at the icro position. turn the water on 
and kerp it running at such a rate as to 
orvrflow continuously. Raia the column at a 
rate of I O  mmJs until the first drop of water 
appears through thecoaled fabric. Read on the 
scalr? the height of thc water column above the 
level of the >pecimcn. 

37.1.2 Pmcedure 2-An alamalive proce- 
dure is placing the specimen in the clamp and 
ratsins the water column to a predetermined 
height and recording the lime r e q u i d  for the 
first drop of water to penetrate the coaled 
fahric. 

and 45 dcg. 

00. 1- SpCinIen5 

40 I Specimens 50 mm (2 in.) in  width a d  
ZOO mm (8 In.) in length shall k cut from the 
coated fabric. Two KIS of two specimenrexi 
w i l l  be required. one set for adhesion in thr 
longitudinal direction having the longerdimcn 
rion parallel lo thr lcngthuise direction oftlu 
fabric. and the other set for adhesion in thl 
transverse dircctlon having the longer dimen 
siun parallel to the c r o s w ~ x  direction of thi 
Fabric These specimens shall be prepared fai 
test as follow,: 

40.1 I When the strength of  thecoating film 
exceeds the adhc\ive bond to the Fabric. as w i l l  
thick lilmr. the specimen shall be prepared fol 
la1 b) carcfully curling the coating through 
the fabric on two parallel cuts A and B, 25 ntm 
( I  in.) apan running lcngthuis of the ~peci .  
men as \ h o w  in Fip 4. Cut A shall extend 
from the cnd of the r p i m r n .  E, io within I in. 

s. 38. Report 

38.1 The report shall include the following 
38.1 I StJtcrnent o f  the method and p r o w  

dim uxd and the number of \prcimrns rertrd. 



. : .;iJ,,te end. D. Cut B shall extend from 
, .*, uithin 50 mm (2 in.) of end D. The 

-, ,,. A and B shall be joined together 
J,,igonsl cut C which shall also be 

' . i ,  through the coating to the fabric. 
. .. . :- . . .If a L n i k  IhJ l  be norkal under the - YCI b) cut) .4 and C and the cuating 
. -. ".mm dr ip  xparated from the backing 
.. .:mLx of 50 mm from that point. . . : : $\ ith thin films or in caw where the 
:: I. not iufficientl) strong to be stripped 

. :hc Fabric as described in 40.1.1. tno .. lun. of the coated fabric shall be e- 
.,I iusethcr face IO f a e  nith an adhesive 

, .:: iar adhering the type of coating being 
:: ,rd The cuts s h o w  in Fig. 4 shall then 

.- .::,IC from one side k ing  careful to pene- 
. : ,ml> through one l a p  of fabric and not 

the other fabric 1a)er. The fabric from 
-. d e  shall then be strippd down for a 
:mr of 50 mm t l  in.). This will allow the 

...,~g fabric to be inserted in one jaw of the 

. . h m .  and a double thickness of mating and 
-,.Ling fabric from the other p i e  to k 
...- red in the other jan of the machine. The 
..-.~rmun bctneen the coating and the back- 
._ tdhiic can then be measured as noted in 
, ,' I 
\ , t i t  IO-In CJ* the fabric IS too weak to be 
'. .d In d25-mm (I-in 1 ridth. the specimen ma: be 

'I mm I3 an I in xidrh and Ihc urip lor 
..man cut XI mm 12 in.) in nidth. The muIU 

, i h m  ,be recorded .IS nebton, (pwnddoorer p r  
. . P I  .mp. 

1. PmrrdDre 
:I I Clamp the separated portion of the 

'mm t l  in.) urip in the lower jay of.the 
.:ing machine and end D of the Ipceimcn in - u w r  jaw y1 that the mownent of the 
w r  JJU will xp.~ratc the waling from the 

..Ling The rare of travel of the lower jaw 
.-Jll be urn of the Inu s p e a k  specified in 39.1. 

di.tance of xparation of the coating or 
. .:( ,hall be a minimum of 76 mm (3 in.). 

4:. Rrport 
.I? I The repurt shall include the following: 
42 I I T ) p  of testing machine and the rate 
' trawl of the loucr jau. and 
4: The aterage test value for ill least 

w ,pcimenr CUI in the longitudinal direction 
-d t w  >pccimen\ CUI in the transverse direc- 

D 761 

t ion. The s r c r d p  of the fire high peaks and 
the fiw loa shall k u e d  to determine 
the pull in neatoni (or puundu-force) for 
reporting the adhesion of the coating or plies 

NOT& I I-When a test for h)drogm pnnubility 
is required. reference should bc ma& lo ASTM 
Method D 815. Tnring Coattd Fabrio-Hydrop 
perm~ncc? 

TACY-TEUI RFSISTaWE 

43. Scope 
43.1 This method coven the mcrwrement of 

the resistance of a WJled fabric Io tearing 
under conditionr simulating an installation 
that has k e n  tacked in place. It  is intended 
primaril) lor testing vinyl pla>tic couted fab- 
rica for furniture or automotire applications. 

44. Apparim 
44.1 The apparatus shall consist of the 

device illustrated in Fig. 5 and a testing 
machine conforming to the requirements of 
Section 9. 

45. Test Sp.zclmn 
45.1 The specimens shall k 50 mm (2 in.) in 

width and 150 mm (6 in.) in length. Two XIS of 
five specimens each are required. w XI for 
warp tack-tear strength. hming thc longer 
dimension parullcl to the filling yarns. and the 
other xt for filling tack-tear strength having 
the longer dimension parallel to the warp yarn. 

46. Pmcedare 
46.1 Clamp the device shonn in Fig. 5 in the 

upper jan of the testing mdchinc and adjust the 
machine to mmpenwtc for its weight. Impinge 
the specimen on the needles. taking are that 
the line of needle, IS parallel to the threads to 
be tested and euctly 12.5 mm 10.5 in.) from 
the top edge of the specimen. Clamp the 
specimen in the IoHer clamp. Opcratc the 
machine a) for a teniion t n t  nith the distance 
from the bottom of the needle. to the top of the 
lower clamp 75 mm (3 in.) and the rate ofjaw 
xparatiun 5 mm/s 1 I2 in./mm) with no Id. 
The Faces uf the bottom clamp shall measure 
25 b) 75 mm ( I  hy 3 in.) ur more. If the 
machine is of the pendulum t>pe. d iwngrp  the 
pawls on the pendulum from the ratchet. 

' Amuol B d  ol  4STM slnl&Pd*. Part B. 
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Rccord the aberage f u m  nmssJr) tu tedr the 
fabric. prefenbl) with an uutogrdphic rrcord- 
ing device. 

47. Report 
41.1 Report thc median of the results of the 

five inditidual tests on the warp as ihc warp 
tack-trm strength. and the mcdinn of the fire 
indiridudl tests on the filling a i  the filling 
tack-tear strength. 

LOH-TL\lPERATURE BE\D TEST 

48. Procedmre 
48.1 DclcnninotbcrssLtwcofthc~~criaI 

tolwr-lcmpuraturebmdi~~gin aamdsmewi~h 
ASTM Metbod D2136 Testing Coated Fab 
riO--low-TCmpaanrrr B d  TcsL~ 

LON-TEMPERATURE IMPACT TEST 

49. Pmcedum 
49.1 Detenninetbcmisaace oftbcmaccrtl 

to low-temperam impact in .OOOTd.OEC with 
ASTM Method D2137. Rubber Fwpcrty- 
Brittlcnerr Poiit of Flexible Polymen and 
Coaled Fabrics' 

SEAM scILENcm 

50. scope 
50.1 The strength ob crmted faMc lcum 

W.ppQ b p p c d  
dull k tested by the modifad grab method 

51. ~ n c u f e  

rmgtll of the coalcd f.brk 

bwdcQ 4 -a -1 

51.1 Tbk metbod ia intended IO daenniac 
che scam strength for ampatison with the 

SZ. Testlog MechlDc 
52.1 The tescing machine used for this test 

chine d io the grab method for bmaking 
stmzngth (see Section 9) wilh the following mod- 

&all WDTOrm to the quLClrrnu of the ma- 

- 

IS0 i 
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ification: The face of the jaws rhtn muru~s 
by 75 mm (I by 3 in.) or more with the % 
dimension perpendicular to the dimaim I 
application or the Load The mndrinc u b  
adjusted to pull the damps at a uniform nod 
5 mm/s (12 in./&). 
S3. T e l  Sp.fima 

53.1 ThcapeimenshaUboamctmgkSq 
200 mm (2 by a in.)* the stun- 
across the senm. prpeadicul.r to the I+ 
dircnion. U l l l g s O ~ S ~ i n ~ ~  
mid or produn sllcfiritiou, t h m  indiw 
S@CM shall k taw and IIIC mCdi.0 of& 
thm test mulu sbrll bo recorded, 

54.RorCdurr 

thatthemaximumforCOrequLcdtotcucL 

or lm th.0 IS Z oftbe 

jaws ofthe I d a g  mrhirrc with tbe sea 
centered bctwcen and puruCl to the j a m  M 
the shorter dimearion at right angles to P 
diraion of application of Ihc fma. Sun p 
muchiie and obaervr by mcull of an arm 
graphic raordiig device the lor0 or load ne 
cssary to slip the MI or rupture the fabiic 

54.3 If a apccimm d i p s  kcween tbc jaw 
breaks or teun in a dimxion orher than pvlll 
to tbc MI. or, if for any reason .mibuuMo I 
faulty technique an individuil masumna 
fak 20 ?6 below &e median wst raulcs ford 
sample unit, dicurd and tat anothspccinm 
% . C a k u l a t b J n U r ~  

55.1 Tbe scam rrmgth of the lal@ 
shall be reported as the di OC .U cb 
individual mults in kN/m (lbf/a in.) to cb 
nearest 0.01 kN/m (0.1 Ibf/2 in.). Thc rep01 
shall include w b n b a  failure o o s u d  in cb 
s u m  or in the fabric. 

' A n n u d B a a k o / A S T M ~ ~ 3 7 a u d 3  

54.1 T h C M e h i n c r h . U b e o f l l r h ~  

K M  ofthe spffimen ia m grcuu tb80 85( 

54.2 Place Ibc spceimcp S) . llYinP 

_- 
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Designation: D 4021 - 81 #lb. 
A M E R I C A N  SOCIETY FOR TESTING AND M A T E R I A U  

1'316 Race Sl..Philadelphia, Pa. 19103 
Reprinted from the Annual Book of ASTM Standardr,Copvisht ASTM 

If not list& in the current combined index, wilt appear in the next edition. 

1. Scope 
I.  I This sp;cificationcoversgl~~,-fibrr-re~n- 

forced horironial. cjlindrical. and spherical- 
t)pe underground tank5 for atmospheric pres- 
sure storage of pclmleurn based fiiels and oils. 

i 2 The ralues given in parerirlieses .ire pro- 
vided for information purpusu only. 

2. Applicable Dnwnienb 
2 1 ASTM SiundarA: 
C 33 Specification for Concrete Aggregates' 
C 5s I Test for Chemical Resistance of Ther- 

niosetting Kcrins Used in Glass Fiber 
Reinforced Striictiim~' 

D471 Test for Kubber Property-EKcct of 
Liquids' 

D 618 Conditioning PIaitici and .Electrical 
Insularin; .\fnturiab for Tcating" 

D 698 Tesls for Moi.rture-Dcn\ity Rela- 
tions of Soils 2nd Soil-Aggregate Mixtures 
Using 5 5-lh (2 W-kgl Kdmmer arid 12-in. 
(305-rnm) I)rop* 

D 790 Test for Flexural Propertiesofl'lnliics 
and Elecrrisal Insulating hlalerials' 

D 883 Dcfinl;ionsofTerrn* Relating to Plds- 
1 1 0 .  

D Ih(W) Abbreviations of l'erms Relating td 
Plastics' 

V 2583 Test li?r Indentation tlardness of 
Rigid Phrtics by hlmns of a Rarcol Ini- 
pressor' 

11 25e4Ted fix Icnition I.osofCured Rein- _. 
fnrced Kcsins" 

1) 339 Siiecilication lor Fil,ment-Wound 

2.2 Oiher Donrmmrx 
ANSI 62.1 American Standard Tapered 

Pipe Threads" 
ANSI B16.5 Steel Pioe Flanecs. Flanned - .  - 

Valves. and Fitting;" 
ASME Boiler and Prcsurc Vessscl Cod? Sec- 

tion 111. Diviaioii I-Sub Section ND" 
3. Uescriptinnr of Terms 

3.1 General-Definitions are in accordance 
with Definitions D SS3 and F 412. and nbbre- 
viations with Ahbrebiations D 1600. unlcb\ 
otherwise indicated. 

3.2 qlinder wall-that portion of the rank 
tha: forms the main b o J j  o l  the tank. and that 
part that lies horirontel in the ground aner 
insvallation. (See Fig. I fur further chrifica- 
tion ) 

3.3 rank heads-that portion ofthe tank that 
closestheendrofthe c>linJsr. making the lank 
into a conrainel. k c h  tank has tu0 tank hr lds  
(See Fig. I for further rlanfiuation ) 

- 

' Thi, specificrlion 15 mCcr 1Se p m d m w n  nr ASThl 
Commmrc D-ZU on Ptir i io and I. tbc direcl rcrpumbilii) 
of Scbcnrnm~itrc D1O 23 an Remiorcd Plastic Piping S p  
t e r n  and Chcnacdi Equ.;nan~. 

Currcnl r d m m  rpprorcd .\ug 51. I981 Pubhhrd Sep 

. Anmn! Book oJAST.M Srundurdr. Pin, I4 m d  1% 
'Am.d Book of ASTII  S : : n d d ~  P.wr 34 md 35. 
'Annaal Book oJA3T.tI S!nA:ds.  Pan 31 
'Annual Bvni  oJ 4 5  1.11 Smdard~.  Pail, 21. 35. and 3%) 
' A n ~ d  R o d  MAST:l S#arn&~d<. Pan I Y  
' A n m d  Book nJ.4.ST.W Smndd-.h Pan 3) 
" A n n m l  n o d  oJA.\7.11 .\:ndu-dr Ydm 34. IS. and 36 
" 4nn.d Rook u/A.Vl !I 5:.rrd.d.  Prrl 36 
" ~ ~ ~ . ~ ~ ~ n ~ ~ k  q i.srir ~ : ~ ~ d ~ : ; . d ;  rdn i i  
I. ~ ~ l r b l e  imm .\mmcrn %t:sn*: Stmdrrd, i n . i ~ i u ~ .  

I' 4\a,!:nt< lrum 4nicnrm S ~ : L I )  of hlcbhmhLd Engt- 
ncm. h i t c d  Llngmrmn; Cmr:. 3J5 L 41th Si,  h c v  
Yurk. S \ llX117 

icmtcr I Y 3 I  

sric. I)<?! IJ.lIIR".,d..~.)rcw tori. s Y IIIIIIX. 
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uater-pre3weload equal to the tank diameter 
plus 36 :k 3 in (9 14 f 76 mm) and an additional 
s u p r i m p o d  negatne internal pre*\ure equal 
to the [(depth of cover in feet - 3 ft) x 0 6826 
in of Hg/ftl cldepth of cover in metres - 0.914 
m) X 9 78 LPa/m]) This total external water 
piesure plus the superimpoxd negatibe inter- 
nal presure shall be held for 24 h. The tank 
shall not leak. fail. or deflect more than 2 % of 
the unbackfilled. unloaded vertical diameter 
when rnearured at a fitting near the center of 
the tank. 
6.4.3 2 I For t a n h  10 be installed at depths 

ofcorer grcartr than 36 f 3 in. (914 f 76 mm) 
the lank shall withstand after the 24 h hold r(s 

detailed in 6.4.3.2, an external water-pressure 
head equal to the tank diameter plus desired 
depth of cover in inches f 3 in. (dehired depth 
of c o w  in millimetres f 76 mm) and an ad- 
ditional superimpored negative internal pres- 
sure of 5.3 in Hg (18 kPa). The tank shall not 
leal or Fa11 by other means aner holding this 
superimpored negative internal prebsure for I 
min. As an alternative. the tank shall withatand 
after the 24-h hold detailed in 6 4.3.2. an extcr- 
nal water-preuure head equal 10 the t.ink di- 
ameter plus 36 f 3 in. (914 f 76 mm) and an 
additional superimposed ncgatire internal 
pressure equal to the [(depth of cuvcr rn feet 
- 3 ft) X 0 W 6  in. of Hg/fi] t[(&pth of cover 
in metres - 0.914 in) times 9.78 kPd/m;) plus 
5.3 in. Hg (IS  kPa). The tank shall not leak or 
fail of other means after holding rhL supcrim- 
posed internal pressure for 1 min. 

6 5 Internal Pressure-Tanks of diameter 
120 in. (3M8 mm) and less shall wilhstdnd 25 
psig (172.5 kPa) and tanks greater than I20 in 
(304R mm) in diamcterrhdl uithstand I5 psig 
(103.5 LPa)uhentestedin acLordanceuithX.5. 
6.6 Fitting Woment Load Rutin:--l'ii:infir 2 

in. and snialler sllall withatand. uithout dam- 
age. a moment load of loo0 Ibl.fi (1356 N.m) 
and litlings greater than 2 in shall withstand. 
without ddmage. a mommt load of  Zoo0 1bf.n 
(2712 N.ni) =hen tested in accordance with 
8.6. Anertlietertihefittingshallnotleakwhen 
te\ted in accordance with X.X. 
6.7 lilting Torque Loud Rutin:-Each in- 

stalled fitting shall withsvand. without damage. 
the had5 in 'lable 3 when tested in accordance 
with 8.7. After the test. llir fitting %h.tll not Icdk 
aheii te>ted in accordance with 8.8. 

6 X I.cdo:c---When terted in nrccrrlmce 

D 4021 

with 8.8. tanks of I20 in. (30.18 mm) diameter 
and less. complete with atrdchmenb, shall not 
leak at a pressure level of 5 psig (34.5 kPa). and 
tanks greater than 120 in. (3u48 mm) diameter. 
complete with attachments. shall not leak ai a 
pressure level of 3 psig (20.7 kl'a). 
6.9 Internal Inipucr Resisranre-The intcr- 

nal tank wall surface shall withstand. without 
visible damage. the impact of a n  0.8 Ib (0.36 
kg) steel ball when tested in accordance with 
8.9. 
6.9. I After impact with the steel ball as dc- 

sxribed in 6.9, the tank shall not leak when 
tested in accordance uith 8 8. 

6.10 Lfring Lug Loading-All lining lugs 
must meet or exceed a load rating q u a l  to two 
tinic.5 the weight of the empt) tank when t e , t l  
in accordance with 8.10. The rank, as a result 
of the test. must not leak or suffer other dam- 
age. If the tank has more than one lining 
devicc. the devices shall meet the requirement 
in combination. 

6 I I Negatiw Prerwre-The tank shall 
\\ith\tandnegative pressureof-2.5 psi: (-17.3 
kPa) when tested in accordance with 9.1 I 
6.12 Material Properrie.v-Tlie following 

priipertie\ shall be cstahlished for each type of 
construction uced in the tank using YO( speci- 
mensobrained in 'icconlance with 8.12. 
6.12.1 Material composition in percent by 

weight shall be determined in accordance with 
R.12.1. 
6.12.2 Flexural strength in the hoop and ax- 

ial direction shall be determined in accordance 
with 8 12.2. 
6 12.3 Flexural modulus in the hoop a n d  

axial direction shall be determined in accord- 
ance with 8. I2 2 
6 12.4 Surface hardnessshall be determined 

in amordance with 8.12.3. The minimum value 
shall be not lerr than 90 % of the m i n  manu- 
facturer's minimum value for the cured resin. 
6. I3 Chemical Resi,tance-W hen tc\tcd in 

accordance with 8.13. the log of penrnt reten- 
tion of each propeny after immerrion testing. 
when plotted against the log of immersion time 
and extrapolated to 100000 h. shall aswre 
retention of at least 50% of the initial pmper- 
tics 

Nort .I--Chcmical testing I, c.iadacicd to dctrr- 
mine ihe applicih.!ii: of tlic tank in.wrialr ot elm- 

crcd io be a quality coni:ol ~w~cdiure  

9. 
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7. Qu~lit! Control 
7.1 Ekaminarion-Each tank component 

shall be examined for dinienrionsl require- 
mtnb. hardness. and workmanship. 

1.2 I.rakage--Each tank skdl be tcsted in 
accordawe with R.8 to dtterminc confmnance 
with 6.8 

7.3 Regarire Preisurr-kach tank shall be 
tcsted in accordance with 8.11 to determine 
cunformance with 6.1 1. 

1.4 CompoMan Conrrol-Controls on ~ I J S S .  
r ew.  fillen. and additives shall be maintamed 
for all manufdcturing processes and for each 
portion of lank fabncation. Records shall be 
maintained of these conlrol checks. Proper 
cumpotition may be shown by glass usage 
checks. by glass and resin application rate 
checks.or in accordancewith the materialcom- 
position test in 8.12 1. 

p i i m  4-Wcighmgof fini\hrdpanr and perio&ic 
lestingfor material propemes ma) prwide addmunrl 
a5,"ra"crofquably. 

8. le*! Methods 
8.1 Condirioning-Conditioning of the test 

specimen is not required unles otherwise spec- 
ified by the test method referenced. When re- 
quired, conditioning or tbc specimen prior IO 

test shall be at 73.4 _+ 3.6"F (23 f 2'C) sad 51) 
1: 5 r0 relaliw humidity for not less than 40 h. 
in accordance with Procedure A of Me:hddr 
D 6 I S .  

S.2 Tal Condirions-Test, sliall be wn- 
ducted at ambient tenpr:atures HithCilt  an) 
special con:rols on temperature or hhmidity. 
unlcss otherwise specified in the tcbi method 
referenced. 

8.3 Dimensions: 
8 3.1 Measure dimensions other thin thtck- 

ncds n itli a steel tape uith giadu~tions of !v in 
(3 mm) or les  

R 3 2 Thicknes.r -:Measure to the neareu 
0 01 in (0 25 nrm) pith a niicrunytcr. caliprr 
gage. or other suitable inbirument. Slahe a 
minimum of one thicknos determination in 
each IO fi'( I in') of tank udl surlace :and tnnh 
head surface. 'Through regions of t.ip?r. m.Ae 
u:licientchccts to e ~ b l i > h  dctual t l i ~ ~ k n c ~ s  

fi  4 E.rfernal LoaJ Twr. 
R4.l Tank Sampk-Teht tanks of erch di- 

atxtcr wed. In the case of tdnts with the equal 
diameter, but of differen: lengthb. testin: of the 
longeat tank s!iall confirm pcrfivm.tilce of 
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shorter lengths provided the wall thickness IS 
con,tmr If wall thickness raries with lenglh. 
!cv each tank to prore conforniance. 
8.4.2 7'mf I'rrpararig"-Installthe tank in a 

pit large ennugh to allow a minimum of 12 in. 
(3b5 mni) dislance lrom the sides of the pit and 
the lank surface. The pit may be oiic w s h  ngid 
walls. such as concrerc.or may be an excavation 
in ihe grvund with a soil-bearing resure  ca- 
pacity of greater than 3500 Ih:'/ft (168 kPa). 
Determine the depth of the pit by adding to the 
lank diameter a backfill bed of I2 in. (305 mm) 
and a hacktill toter of 36 * 3 in. (9 14 f 76 
mm). 
8.4.2. I The bed. side support. and cuver ma- 

tcrial shall be a nrturally rounded aggrcgate 
with particle size not less than Yx in. or more 
than 9 4  in. (3.2 to 19.0 mm) in diameter and 
shall be c l a 4 i e d  as free fluwing As alterna- 
tives. either an angular material, clean und free 
flowing. aith panicle size not k\s than ((I in. or 
mare than l:, in. (3 2 to 13 mm) in diameter or 
a clcdn. ad-graded sand with maximum par- 
ticle sire of % in. (3 2 nun) with no more than 
8 B fines parsing a2Wmesh sieve may be used, 
I n  the case of sand. take care to compact the 
mdterial to a dcndy of at least 85 96 of the 
m:iiimum. as dctcrmind by Msthod D69Y. 
Theu mnleri~ls \tiall meet thr. requircmentrof 
Spccificaliun C 33 for quilit) and soundneu. 

R.4 2.2 Place the tank un a 12-in. (305-mm) 
bed composed of the mxte:ial described in 
S.4 2.1. Take carr to c n w c  that the tank is no 
clowr than I ?  in (305 mm) to the sides of the 
pit. 

5.4.2.3 Anchor the tank to pretent float-out 
during testing. P:xc the anchoring ar the po- 
sitions piovided on the tank. 

8.4.2.4 After dnchuring. place the material 
described in 8.4 2 I around the tank uniformly 
around to the top of the tank. Take care tu 
e n w c  that the materid is pldrrd under thc 
tank and tJn!. Iitads. 
8.4.2.5 USE the material dexrihed in X 4.2.1 

as the cowr for the tank a n d  p l ~ c c  it to the 
ground sdrface ur top of the pit. The depth of 
the cover %hall he 36 f 3 in (914 f 76 mm). 

8 4.2.6 7 he tdnk slia!l he fitted with a vent. 
fill tuhr. and outlet pridr to heginning the test. 
8 4 3 COIW Load ~ c . ~ l - - ~ u b j ~ ~ t  the tank to 

a load iiiipuwJ by the cover ~ w c r  the top of the 
tanh a, dcwibed in 8.42.5. Measure the 
chxn:e in vertiial tank diameter at a fitting 

8 .  
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near the center of tlie tank before and after 
cob er. 

8.4.4 Concenrriitd Lond 7rrt-Subject the 
tank to a concenlrdted load of 23 400 Ib (IO 163 
kg) Apply this load to :I load-bearing plate 20 
hy 20 in. (500 by 500 mm) ;it the top of the 
cover marerial. hleasure the change in vertical 
tmk diameter at a fitting near the center of the 
tnnk. 

8.4.5 Exxrernul H>drmruric Premire Lvud 
Tew 

8 4 5.1 For lank. to he installed Hith 3 5 3 
in (914 2 76 mm) uf cater. fled the pit with 
nater  tv a dutance 36 I 3 in (914 f 76 mni)  
abuve the top of the tank. l’he tan4 shall be 
empty and anchored I.e.ive the [:ink in the 
fully flooded pit for 24 11. Xlcdsure the chanzd 
in vertical diameter at a fit!iiig iicir the cenier 
of the tank . 84.5.1.1 For tanks io be institiled b i th  36 
f 3 in (914 f 76 mm) ofcvver. tlood the pit 
with wdrer as dcsenbed in S 4.5.1 After the 24 
11 hweelapsed. supenmpu?ea negstive in:einJ 
p:c\siirc of 5 3 in. Hp (18 Il’a) on tlie tank 2nd 
huld for I mm. At the id of the I-min hold. 
ieriiiinatr the tert 

8 4.5 2 For tanks to be inr1:illed i i l  deptlir of 
Lover greater than 36 2 3 in (914 f 76 iniii) 
i n d l  the tank in a pit deep enough to allon 
f.ri the pit to be flooded uiih w:tter to a Iiright 
2hw.c [lie top ofthe tznh cgual to the depth ‘sf 
cover desired In this tc\t. tlic pit shoi!!d he 
deep cnougb to a l h w  fi,r n hcd. iir dcxr i ted in 
S 1 2. plus the depth of co’Cer dekiixl The tank 
shall bcl empty and anchnied Fltnrd the pit 
nith nater to a dwance cq:i.il to t:ie depth of 
coverdcsiicd i- 3 ia  (A76 mnij. Leavc the tdnk 
in  the fully fl~>odvd pit fix 24 h. hkiru:e the 
chdnge in vcriical diiimetcr at i! fitting nc.ir the 
crntcr (8: the tank Alternawcly. thi. test may 
h e  rim desribcd In S 4 5 I with a mpcrim- 
p.wJ nega:ive inrernal pr:>*.iire e q c d  to ihv 
cdcpih of cuwr in feet - 3 ft; x 0 %iZh in or 
Ilg/ft (jtdepth of cover in iiiilliinstres - 0 914 
m )  x 978 kPa/in]) ZddeJ In tliis i i l icrmti ie 
t w  maiiitain both the 36 k 3 in. (914 -c 76 
mol) of w t e r  m e r  the top of t l ie tank and the 
superimposed nc&aiivr inkrn;il pressure for 24 
h Mea\urr. the <h:iiige in \:rtic,i: dwnctci a i  
a litring iit:,tr the center (if tile t.inL 

x 4 5 2 I For t.ti!L.s tu I r c  i i~\ i i t l lcd :,I dcpilia 
t i f~ i~\c;~n: i tcr i l i : in 30 f 3 ii‘ (‘112 -t 70 ninij 

ir(t.:Il the tank is dcxrihed ili X 4 ? 2 4 i t r  thc 

.. 

0 
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24 h h.ivc elapeC. scperimpure a ncg2:i.e in- 
ternal preshtxe of 5 2 in. Hg ( I 8  kPaj on the 
tiiik arid hold for I mm. Tcrrnlndtc the test at 
the end of 1 min 

8.5 Iirrernul Preriiirr Terri. 
8.5. I 7unk Sa%ple--le~t each tank ofa spe- 

cific diaiiietcr. wall tbickcess. or configuration 
a i d  h e d  thiLknes. c r  ccnfiguration or com- 
bination of t!iese. h the cab< o f t ~ n k ,  with the 
smir drsnicter hut diifemnt Izngth,. te,ting of 
the longest rank rhali conilrni peifonnance of 
the other length,. pro:idrd the wall thicknes, 
i b  conmnt. 

8.5 2 Tiw /’rucedure-Test c a ~ h  si.*e of tank 
tu be tcrted to the ;eqxired prerwre level. 
holding the prcasure fcra periud of I m:n. Kun  
tlie tcrt u..ing a p r e s x e  pzgc gradu:lted 111 

increments ol I p i ?  i6 9 kP.x) or le>>. l’srlure 
to hold the require6 prblcre. with a 10 ‘:k drop 
alloned for p;e,sure se:tlement. is indicaiiun 01’ 
Iailure. The teri naf be performed by two 
diflersnt methud,. hyimriat ic or acrcw:ttic 

8 5 2.1 /!.:dros;orir Trrr (1’reTer:ed 
Metlwd)-- 1;dI t!ie :XI; ui:h wa!cr m.! impuse 
an air surdiaige tc preduce t!ie required totnl 
pierviie l’Ae care t? ensure tli‘it [!IC tank I; 
supported in ii rninnc: tc prc\ent the drvel- 
opnient of hi:h bezdmp s,rescs 

8.5.2 2 A~~wcmflric Tw-.I’ixe the t m k  on a 
hoiiioiitii l plane r - r f x e  with no additional 
support Taie c3re by prforming the icat in :,n 
isul;i!ed :ireat. 

8 6 Fixing dlonnir  Tedr--.4ppl> rncnient 
ltt~d\ la tank tiitir:s thro-jgii ii f w p s  airached 
to tiic firan; The n c n e ~ ;  arm A:ll h; such 
thdl :be i:yuircd Irizd~ c l n  be ;yIicc! in incre. 
inentrol‘ IO(, I I - I ~ ~  < k:, .<ppiy t i i t  IwiA in a: 
le;i*t thc titi:!. circumfe-erc:.il acil loiigi:ddind 
diicrtiuii 
8.7 1:tirrmg T q u e  Tcrm--hppl:r torque lu:iJ~ 

In t l ie tmrk liirm;>. Trxtmai i:ie ;?ppltrd lu;id, 
to thc fi:t:ng. :hrou;h :: !?tan; pti:giittsched to 
t t c  littirig in tncrezens oijl l  Ib (22 7 Lp) 

R S L c d q e  Te!;-S.:bj:JSct the tank to an 
acr:irtatic tect tu the nquired pressure lekel 
above EmuiiJ trirhtut : F i x 1  wpport. ,:sing a 
pre\siiic~:pSr::dui:e~in 0 25-psng (1.7i.Ll’a) 
i,icremc:i., 01 IC,> W!?ile hdding nt the rv- 
qi i i icd p:c.rw:c bel. s;ip r!ie r i i t i re t<:n> tvi t l l  
a liquid cump.:.cd ->i A Z I X  28:d lc.A-t:*r fliifid 

or detcrgcnt !:e: s-?pii:g. rhrLk tiic mi:h 
visu:tily fr.r !:.I;\ ;;\ir; ~ p c o . i l  :!ttcnt:iin 1,) 
t . d  opeam:. 



. . _. .- . . -. 

8.8.1 The preuure may drop in thi, test as 
the tank makes a temperature aIJumnent. Do 
not s t m  the leakage te\t until thc prePsure 
settles 3nd the tank holds the pressure. Mzke 
ddjustnients to the tank prewre  IO maintain 
the required pressure during this settling pe- 
riod. 

X.9 Inrrrnullmpuit Rerisfuiire Tc~r -Bed the 
tnnk on a sand bed. Compact the bed well and 
h k e  care to ensure that the tank bottom is in 
lull conlac? with the bed. Pumon \-n 0.8-B 
(0 36-hg) steel ball at a disvdnce equal to the 
dizmeter of the tank abo\e the r.inX bottom. 
Relea\e the steel ball and allow it to free fall to 
the tdnk bottom. 

Ir 10 Lping 1 . u ~  Slrrn,qrli Tvw-1 crt a tank 
w i t h  the lifting lug iintalled. P lxe  a force to 
the required lerel on the lilting lug Apply this 
ftirce in a vertical plane, taking care to ensure 
that nu I d .  other th.in in the \ertical plaae. is 
applied If the tank has inore ihan one Ii!iing 
lug. test them in cornhination with the tovdl 
load cqudl to the required 1o:id in aicordd!ice 
with the manufacturer‘* rccommendmon on 
spra.ider bdrs. etc. 

8 I I h’rgarire I’reuurc Yiiir---Perfurm thia 
lerl on d tank lying in 3 horimntal plane with- 
out special ride support. li\ing :I uouurn pump 
rdpahle of reaching the required negdlne test 
pressure and a mercury inanoineter pdiiiited 
in increments 0ftJ.I p i p  (70 kP.1) oi lew. The 
test letel i:eed only be reached to prove con- 
Ilrm:ince. 

X. I 2  hlnrrriul Propdie,.- Specinicns ?+ken 
from a tank should be uwd. if porrible. to 
cu:ihhsh mdterial propertier If it 15 not p.s*iMr 
10 take the specimen, froiii a t.iiik her.liire of 
climeiirimnl requircnientr fur testing or thc 
need 01 flat speciincnr fui strength proper:y 
tc,t*. the specimen; shall be made independ- 
cntly of the t::nk but. 111 any cdhc. n i u 4  be 
wnrirtent in all rebpeh w i t h  thc cun\triictiiin 
ofthe tank 

CUIJI~UWWII  - -  Deteiminr 
cLvnpmiiion in accordance ui:h Sfethod 
I)25S4. t o r  spc~imen\willi Ii!lcr\or addiii\ea. 
ur h t h ,  ~cparats the rcsidix ii:~u i t s  compo- 
nciih (+\. sand. ctc.) iii orclcr I\I dctrrmine 
tlie glw, Lonteni 

X. I? 2 t l ~ x i i r d  Slrrqrh dird V,i,:h$ -- De 
viniine the flexural s:rcngli . i i .J  i t iwlvlub in 
x.ord.tnc: u i l h  hlerhod I )  I ‘ m  

4 

.I 

I 
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8.12 3 SuG‘cir Hunlnen- Determine the 
hdrdneks in aicorhnce with hletliod 1) ZjX3. 
The frequcnc) o fzhech  shall hc nu le\s than 
four random pin:, per cumporent part. 

8.13 Chemircl Reiisruncr--The testing pro- 
cedure for mes.urhg chemical rerirtance shall 
confbrm to Methtd C 581 with the exceptions 
notd  below 

8 13.1 Terr S;mrimen Cunrrr~rion-The 
baric le>( specinen shall be fabricated in a 
manner con3iiiep.i !n ciery way with the tank 
construction F3c;i.m to be considered include 
pcrrint+\. t?pc ~ & I c \ .  re\in. cavaly\r \ys- 
tcni. post-cure. Ellen and additive\. and 
whether or not air I. excluded from the \peci- 
men surf:ices dum: cere 

8.13.1.1 I f the  yccinien is to be te\ted in an 
environm-nt \imuL:ir.$ a contained 5uhtance. 
a resin-rich la+ r3y  be added to the esterior 
portion of the +men This second resin-rich 
surface. not pre,ec: in the ;aril i t d f .  shall be 
of the same con>:rxtiun and thickae\r and 
made with the \ : t x  coz,idcrauLJns. (that 13. 

ricluMm (11 air) ii the prinidp layer on the 
oppudc  side of tt: specimen. Where a dual- 
rebin bonstiuc:im I) UWJ, thiswcond iarin-rich 
1;iyershould ernplc: the sdme r e m  HS the first. 
CUI edges shdll be .ealell ui:h the resin u.cd in 
the r e h r i c h  hxrfxes.  

8.13.I.2 l l ihe  sFicimen IS BJ he te\trll in  an 
environment sinulxing mil condition\. it 
he th.it descrihed iil S 13 I C:ui cd:cs or the 
specimen s h A  be r++led a s h  thdt rerin uacd in 
the outer wrl‘;tce cf :he tdi.L. 

8 13.2 Tub1 inlc<dr for the yxciimeii\ \hdli 
he dcterrnincd h> ::st tcmpr,\:ure sel~.~ied 
When t e h ;  at 17.R”C I IOU-i  ) srcci::icn- 
shdl be d r d ~ n  a22 v2,tcli after I nion:h. 3 
months. and 6 mcr.:hs of immer\ion in each 
te,t nirdiuni. ‘Xkr testing at 23’C (73 4 “I  ) 
spcciincns sh.4: be drawn and tested afizr I 
month, 3 monihi. (. 3on:hr. and I 2  iiicm:hsof 
iinnierriun in edch test medium It m.ty be 
advirable to inold- dn extra specimen in the 
test :it the limc of tLe initial inii;iersi&in in the 
went it hecom:* cc:e\>.irj tu a t e n d  the tu,t 
intcrv:il bcc.iu.r 19 ir.cnnilu\i\a rewlts. I o r  
app1ic;itions th:it uid reqilrre hrdted fuel or 
oilr. the l r ~  ii:ter.d sha!l be 1 inbm!h, 3 
niontlis. riid 6 m~i::,;. 

~Iiuse y.- ifiad in TL-le 4 For :ij-;diL.i1~.ui th.it 
S.l>.? 71’91 .\fCu .!--TC*l 1ne.dl.l Sh.ll1 be 

7 
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w i l l  require heated fuel or oils, an additional 
1e-J medii shdll be the mdturiah \!.xed in the 
tank. 

S.13.4 TI:c 1empera:uiu for thc k i t  ciedia in 
Table 4 sliall he 23 f Z'C (73 4 f 3.6"FI or 
37.8 f Z'C (IOU .t. 3 6'F) and is dependent 
upon the te,ting internal dec tcd  from X 13.2. 
For fuel or oils that require elevated tempera- 
tures. testing shall be at bast at the mnirniim 
scrvice temperature. 

8.13 5 Iiirer,wmrro.r tfRew1ts: 
X. 13.5.1 Properlieto bedelermined initiall:, 

and after each test periud are flexural strength 
and flexural modulus tboth in arcordance *ith 
hletliod D 790. hlethdd I. Prmed?lre A). and 
Bsrcol hardness (in accordance with Method 
D 2583) of both the interior and exterior of the 
Irminalc. In the c a ~  of soil conditions Iestin;. 
nu exterior B a r d  hardneu is required 'I lie 
specimen should he full) cured before initial 
properties are obtained. 
.. 8.13.5.2 Note . -. any . eilect __ upon the immersion _. 

meci!um-o! jp?e_c:imnn .ohsmgd_cIhg >i;ual 
!nsp:c!~~-anC~?e~o .a?rem-en_l. phpica c!.l!.a 
d c r e ~ ~ ~ ~ ! n g ! h g . * u i t ~ b i l i t y _ p f . ! h ~ ~ ~ n . ~ i i ~  
giyn, mtdj.um. 

8.13 5.3 Plot the log of percent retention of 
each property (see R I 3 5  I )  :ifter immersion 
lusting (veniis initial) + t i n s t  the 10,s of imixer- 
r im tinie in hours (see Fig 8) .  

9. Iii.pcctinn 
9. I InspeLlion of lhe inalcnal rhall he m d u  

a\ dgrred upon hetueen the piirslucranrl the 
supplier as part of the purchase contract. 

IQ. Rejection and Rehearing 
IO I Tmh. thJt h i 1  IC conform to the re- 

h 
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quiremenis of hi, specification may be re- 
jected Kqe&tion should be reported to the 
nimufxlureror wyplier promptly and in wiit- 
in&. 111 caw of di\sati,faction with the resulbof 
any IC,(. ihe nranuf~cturer or supplier may 
make a claim fur a rehearing. 

11. Certification 
I I  I When requested by the purchaser on 

hirorder. a certification shall be made the b m r  
of acceptance. This shall consist of a copy of 
the minufacttirer's test report. or a statement 
by the supplier. accompanied by a c,>p? of the 
test result\. that the lank has been sampled. 
rested. and inspected in accordance with the 
prowions of this specification and meet5 all 
requirements. Each certification su furnished 
shall he signed by an authonicd agent of the 
supplier or  manufacturer. ' 

12. Marhinp 

following infurmation: 
12 I l h e  tanks shdll be marked xith the 

12.1.1 This A S I X I  dc\ignation 
I2 1.2 Manufacturer's name or trademark. 
12.1.3 hlanuhrtunng aerial number. 
12.1.4 Installation ins:ruclions(tu he printed 

and adhered. at the nianuhclurer's option. to 
the tank. Printing shall bc t)pruritten s i x  ur 
larger). 

12 1.5 Warning and caution statements 
11.1.5.1 Keep tank vented. 
12. I 5.2 hlaximum test prc>sure. 5 p i g  or 3 

12 1.5.3 Do not drop tank. and 
12.1.5.4 Caution: Do not fill before backlill- 

pig. 

ing. 
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Discusses various product reccweiy altern@ives induding their 
relative advantages and disadvantages 

by Steven B Blake and 
Richard W. Lewis 

Product Migration 
Once hydrocarbons are lost 

throughleakorspills to Uieground 
their bcharior and ultimate fate 
become dependent on the local 
hydrogeologic condi tions Petroleum 
products tend to follow the most 
permeable zones. such as artificial 
fills. pipeline trenches. foundation 
fills. etc. These backfilled excava- 
tions are commonly filled with more 
permeable material than the natiw 
soils. thus they offeralow-resistance 
migration route. Aspill which might 
othenvise havecontaminated a rela- 
tively localized area can spread 
latcdythrou& these zonesofartl- 
ficiallyhigh p&eability and make 
identification ofthe source dilficult 

In general. the spilled product 
xlll migrate downnard through the - unsaturated zonewlth some lateral 

, , spreading. The rate of thls down- 
;;' ward migration u4U be dependent 
: on the pliysical properties of the 

soil. the type of product and the 
volume of product spilled. The 
greaterthe permeabilityand volume 
of the spiU and the lower the viscos- 
ity of the product. the more npld 
the migration offhesplii.Thedoun- 
uard migration of the product will 
eventirally be stoppcd either by 
retention' In the soils. an Imper- 
meablr barrier or the water Iable. 

If the migrating product en- 
counlcn a large enough \uliime of 
w i i .  all of the product may Lwcome 
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pellicular and cffcctively inimobil- 
ized before it reaches the water 
table. The imincdiate hazard of 
ground-waierruntainination in this 
instance isreduccd, ho\vmer.subse 
quem rccharge from precipitation 
will tnnsport mobile components;/ 
of the hydrocarbon to the aquifer. / 
The tolume of product retained by 
the soil will be dependent upon the 
soil characteristics l i  e. porosityand 
pore sizedis~ribution) and the lypc 
of petroleum. Some general guide- 
l i n n  for the estimation of residual 
saiuration have been presented by 
:he MI (Amencan Petroleum Insti- 
tute 1972). Based upon a "typical" 
soil w t h  a porosity of 30 percent. 
the API gives residual saturation 
\ahesof0.10 forlightollandgase 
line. 0. I5 for diesel and light fuel 011. 
and0.20 forlubcand heavy fueloils. 
These residual saturatlonvaluesare 
given as a percentage of the toral 
porosity of the sol1 

If the hydrocarbon encounlers 
an impermeable barrier. it may 
spread along thislayer and gradually 
be retalned by the soil until it 
reachesan immohilestate. However. 
i f  t heleakcontinuesor iflhe volume 
of product is large enough. it wll 
accumulate on this layer and now 
downdipuntil it reachesanoutcrop 
and fonns a surface sc-ep or encount- 
e n  :he water table. 

If the product manages to reach 
the \rater mbie. several things may 

take place P.ucording to the AF'I 
(1980). as  the oil encounters the 
c-apilluy zone i t  cannot displ'ace 
much of the capillary water and 
migrates around the water-filled 
pores. When it encounters \rater. 
which it cannot bj-pass. the weight 
ofthe oil begins to depress the \rater 
table. The water in  the capillary 
zone tends to inhibit the oil's move- 
ment. thus the oil spreads over and 
through the capinay zone. With 
cnough timeand noadditionofnew 
product. the oil will spread to a .. 
Critical thickness and  stop moving 
This critical thickness is only a 
fraction of the thickness of the 
capillaryzone.with theoil forminga 
paxa!<e-shaped laz;ero\er the \rater 
table However. field obsenations 
indicate that the behavior of the 
migrating product is sometimes 
quite difierent from that described 
in the.VIarticle. Ifalargevolumeof 
oil is spilled or If the downuard 
migration of the oil is quite rapid 
andlocalized.theorluriUdep:press:he 
water table and a lens of oil will be., 
formed. The oil will then flow with- 
the uatcr and inow dowgrddlent 
asa  unit Thrselensescan be several 
feet fhirk and h a w  a wry limited 
dispesion front. 

Spill Evaluaon 
The procedure used in cr\aluat- 

ing a splll will v a q  depending on 
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site-specific conditions. Thus. a 
methodologv used In one location 
may not apply to a different hydro- 
geologic en\ironment. Variables 
sucli as the mobil~ty of the product. 
the location of the spill relative to 
m3n-made structures and the 
potciitial h x x d  imposed by the 
spill \ b i l l  all play 3 role i n  selecting 
tlie procrdure to be followved. 

In g e n e d  the first step to be 
t.&cn is to locate and remove the 

-sourceoftlie hydrocarbon cont?ml- 
iiation. Normally tlie sou.rce of the 
product is located near the area 
\vheretheproduct hasbcendetected 
on the water table. Since ground- 
imter movemcnt is genenUy quite 
slow Ion the order of a few inches to 
a few feet per day). it takes several 
!ears for the product to travel a 
significant distance However. in 
some iiistances the contamination 
may not be delccted for years and 

. the product can migmte hundreds 
of feet from its origin. making the 
location ofthe-wum extremely diffi- 
cult 

A physical s u ~ e y  of the area 
shoiild be made to identify facilities 
which could be contributing to the 
problem. UtiiitieS and petroleum 
companies should be contacted as 
lo the location of any underground 
lines. storage tanks or surface 
impoundments. These facilities 
should then be plotted on topo- 
graphic maps. Although this initial 
field survey may not locate the 
soiirceexactly. it should provide the 
location ofseveral suspected sources 
wv~ichcanbe~.alua:edmoredo~y. 
In addition. the locations of any 
existing wells penetrating the con- 
taminated aquifer should belocated. 
These \velis can be used to deter- 
mine the ground-wa:er gradient in 
the are3 and to provide informatlon 
on pumping wells which might 
influence the migration of the 
product. 

The next step in the evaluation 
1 should be the insMalion of moni- 
1 toring wells to provide information I on: 1) the areal extent and thick- 

ness of the product. 2)  the type of 
' product spilled. 3) ground-water 
, quality. 41 the local ground-water 

giadient and 5 )  the general hydro-. 
geology of the site. 

. 

0 

. 
' 
' 

' 

Monitoring Well Design 
Placement of the screened por- 

, tion of the well is critical when . monitoring for the presence of 
. h~drocarbuns. The wells should be 
i 1nstA1ed such that the screened i portion extcndsseved fcetbeneath 

the gmund.water :able and Is SUI 
open to the water surface so that 
p d u c t  IS free to migrate into the 
well. The Screens shoi:ld be long 
enough to compei:sate for scasoiial 
fluctuationi in r.vaer-td~le le~cls. 
and should he co~isrructcd of 
materials ahich are resisMill to ! 
hydrocarbons.~The sizcofthc Inonl-) 
torlng wells will  be dcprndent on 
their euprcted cur-rrnt and future 
use. If the wells are to be iiistallcd 
only for contaminant sainpling. 
determinatfon of fluid levels. and 
collection of fornicition sa~nplesdur- 
ing dnlling: 2-inch diameter wlls 
are sufficient Hoxevi-r. if  the \\ells 
are to be used for future recovey of 
the product. they ini:st be large 
enough to house pumping equip- 
ment 

Well Placement 
hlonitoring \?ells should be 

installed initially at the location 
where the coiitainiiialion is first 
detected and then upgiadient in an 
attempt to dcline3te the Soiirct of 
the contarnin~tion. In addition. 
monitoring wells should be placed 
on theper?pheryofthespill tomoni- 
tor any filrther migration of the 
product .U monitonng\~ells should 
be sunwed in and a bench mark 
established so that fluid-surface 
elevations can be determined and 
ground-water gradients established. 

Sampling and product 
Detection 

When large amounts of oil &-e 
present on the water table. their 
thicknesss can be determined by 
using a steel tape with water- and 
oil-finding pastes or with electronic 
resisti\iTpprokxs. Both the lc\el of 
the fluid surface and the oil-water 
interface should be recorded so that 
the shape of the hydrocarbon pool 
and potential migration routes can 
beevaluated. lflarge accumulations 
of product are not present on the 
surface. the presence of product in 
the ground water can normally be 
detected in the field by smell. Most 
refined petroleum products have a 
characteristic odor. An everienced 
person can even tell with some 
x~uracy the t)pe of product by its 
smell. 

Samples should be taken to 
letermine both the nature of the 
iydrorarbon and its concentration 
n the water. The solubility of the 
iydrocarbon in\vater\\illbedepen- 
lent on the product ripe: however 
;asoline has a soliibiiity of between!; 
!Oand80mg/LIXlci(ceetal. 1972)--: 
jamples to determine the concen-"'q 

tration of dissolved h j d n a r t w n s  
should betakenlnglasscontalners. 
The sample bottle should be only 
partially filled to avoid the loss of 
any floating oil and to permit the 
entire sample to be txtmcted if 
ncrffsary.  For eWction-tpeanaly- 
sis s,mpIss should be at least one 
liter or lalger. If the sample cannot 
be analycd the day it is taken. it 
should be presend to prevent bio- 
logical degradation of the product. 
This a n  be acmnplished bypcidi- 
&ing the sample to a pH of b o  or 
less with eiiher hydrochloric or 
sulfuric acid (API 1972). 

Determining the nature of the 
h>drocarbon is also wry important 
when trying to tram the source of 
the contamination Methods are 
available for determining hydro- 
carbon t ~ ~ e f r o m d i r ~ l v ~ ~ a a p o r o r  
recoveml samples Howewr. when 
the results of theseorother tests are 
interpreted. the possible effects of 
weathering of the product must be 
considered. Forlnstance 1) certain 
coniponen ts ofgawli ne may volital- 
ize. 2) some of the components 
(particularly zromatics) will dissdve 
inmater. 3) straight c h a i n p d i n s  
arc susceptible todmmpcsi:ion by 
bacteria. and 4) o!efins may be 
osidized in thepresence ofs~iiiliglit 
(AH 1972).Thus,the interpretation 
and identification of the hydrocar- 
bons should be done by personnel 
eqxrienced in these promdures. 
Although the weathering of the 
product om make identification 
difficult. it can also pro\?de infor- 
mation on the length of time the 
producthasbeenintheground~id 
the direction of migration Since 
certain components of the hydro- 
c a r b o n \ \ . l U b e p r e f e r t i ~ ~ ~ ~ n e d  
on the soils and others %ill be dis- 
solved in the ground water. these 
losses can be identified as the 
pmduct moves downgradient. giving 
an indication as to the proxlmityof 
the sample to the contaminant . 
SOUrCe 

Recovery Alternatives 
Due to the many and \=led 

conditlons which can affect the 
migration and recoveryofaproduct 
spill. recovery syslems must be 
tailored to each spffific site. The 
hydrogeologiccondi tlons the extent 
and vololume of the spill. the rjpe of 
product. t h e  potential and/or  
immedlate hazard imposed by the 
spiU and the available equipment 
wlll3Uplayapartin theselcctionof 
an appropria:e remyery %stern. A 
discission of some of the a\xilable 
recovery alternatives and their 

. 

~ 
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Fqwe 2. Interceptor trench utlluing a recovery well and *ngle-piLnp unit 
---I 

advantages and disadvantages 
-. fouous 

Interceptor Trenches 
Small spillsenmunteringa shal- 

low groundwater table or a barrier 
to vertical migration wn.be con- 
tained and recovered with a trench 
or drain system designed to inter- 
cept the product. The materials and 
eqiiipment necessary to install the 
%stem are generally iocally available. 
the s)stem is not complicated and it 
can be installed relattvely quickly. 
There are s e w d  factors to e\aluate 
when considering a n  interceptor 
system: I )  the trench must bisect 
the entire width of the spiU In order 
to contain it so the spiU must be of 
relatively limited extenl: 2 )  due to 
soil instability. the volume of 
material which must bc: removed. 
and theexcantion equipment axail- 
able. thedepthofthe trench systems 
is nonmUY limited to 6 to 8 feet: 
31 smmming or pumping equip  
ment must operate continuously or 
the product will accumulate and 
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migrate around the ends of the 
trench. 

Once the trench hc% been exca- 
vated. a n  impermeable barrier 
should be installed on the down- 
gradient side of the trench lo stop 
the migration ofthe floating product 
but allow the water lo p i s  under- 
neath. The trench can then be left 
open and skimmer systems em- 
ployed to remove the floating 
product (Figure I ) .  Alternately. the 
trench can be backfilled with very 
porous material and a French drain 
or large-diameter well installed 
(Figure 2). The use of a skimmer 
system has theadnntagcofproduc- 
ing vev  limited Nnounts of water 
for disposal. However. the rate of 
recovery is do\v since the qstem 
relinmaidyon the iiatunlgndient 
to transport the oil to the trench. 
The pumped trenches are more 
effective and proxide lor more rapid 
recovery. be raux  a gradient is 
created touard the trench.Flowever. 
much larger volurnrsof\vatrr which 
may contain unacceprable conren- 

trations of dissolwd hydrocarbons< 
must be disposcd :a 

. .. .. 
.?' 

Rxovery Wells 
Recovery wells are by f a r  the 3 

most pop ih r  means of product :: 
recowry from water-table aquifers. + 
If dcsignrd properly. thcy will pro.->: 
\ide for a n  efficient and norninlly 3; 
faster recovery of spilled product 3 
than a trench sjstem. Rycrmtinga ;i 
cone of deprcssfon in the water ,? 
table. a gradient is established I' 

to\vard the well and product u-ithin -2 
thisconeisdirrcted to thewcaand ~ 

M be removed. 

Well Design and Operdon : 
Dcsign and opeerntion of the ! 

rtowrpve!l or well system iscritlml - 
to the rate of rsovcry and the total .. 
vo!ume of product remowd. The 
well s!iouldbedes!gnid to marirnim : 
elTiciency while avoiding the punip  -. 
ing of m n d  Field rsperiencc has . 
sho\*n that the nte  of prudirct 
rwover). is directly relakd to the 
efficiency of the  pumping wcll. 
Standa:d water \vcU dtsign pro- 
ccllures should be impleinented for 
the sizing of the scrwn and gravel 
pack u-11 h only sligh t modi k a t  ions 
The screen length u4ll normally be 
longer i n  a product recovery wcll to 
allow for theentryof floating hydro- 
carbans. If the screenrd zone is 
placrd too deep and drawdown is 
not sufficient to depress the water 
surface to the screened zone. free 
floating hydmczubonsmaynotenter 
thewell. o r p r o d ~ ~ ~ t u ~ t l i d r a w d  from 
thewell u-illbedelayed unulenough 
oil accumulates outside the well lo 
depress the oil-water Interface to 
the l e d  of the screened zone 

Another aspcA of recovery \i.eU 
design which mustbeconsidcrcd is 
the type and size of screen to be 
installed. Continuous-slot wtre- 
\nap screen is rccommendrd so 
that the percen 'age ofopen area can 
be maulmized. Field experience has 
shown that hjcl-bons providea 
good nirdium for bacterial growth 
and that bacterial growth and 
clo-gging ofscreens is accelerated in 
hydrocarbon recovery wells The 
more open area you can provide 
initially. the longer the well can be in 
operation before mahtenance is 
required to clean and redevelop the 
well to restoreitsemcienqcThesize 
of the casing arid screen reqirired 
fur the pumping well wll k depen- 
dent iipon the pumping equipment 
which is lobe installed. Field cxped- 
ence indicates that for most single 
pump systems the smallest reason- 
able diameter for the screen and 
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rrcsingis6incheswhilethesdfSt 
workable diameter for a WO-pumP 
.sptcm is IO inches 

Operation of the well is a h  
mely importrint to the final 
ts of the reco\ev effon The v c ne o i  depression should be 

adjusted such that it is just large 
enough to contain and recoxer the 
spilled product. Pumping m t e r  a t  
an accelerated rate in hopes of 
steepening the gndient to the 
pumping well and increving the 

, n te  of recuvery ts not necessartly a 
good procedure. Although this may 
increase the rate of rccovery for 
some period. it \\dl also result In 
decreasing the total amount of 
product which cul be recovered 
Excessive drawdown will result in 
the oil habing to migrdte through a 
larger thickness of sands. As the 
product migrates through the 
de\ratered sand. portions of it will 
k o m e  pellicular a?d ndl not be 
recoverable. Even if the pumping 
rate is decreased .md.the waterlevel 
is allowd to rise. studies have 
shown that this pellicular hydro- 
carbon W U  not be removed by this 
water flushing (bIcKee et al. 1972 
and R a p o n d  et al. 1976). The 
rnoirnt of hydrocarbon retained in 

aquifer matrix will depend on b e type of product and the aquifer 
properties. Studies done by hlcKee 
et al. (1972) with uncovslidated 
sands haling a porosity of 23 per- 
cent had a gasoline retentJon of 7.7 
percent of the pore volume or 1.77 
percent of the bulk \olume Similar 
studies done by Engineering Enter- 
prises Inc. on pmducts of lower API 
gravities (i.e. gmities behveen 34 
and 42)show that specificretention 
for heavier products can range 
behbeen lopercent and 16percent 
of the bulk volume. Thus. the loss 
due to retention in the aquifer as 
the product migrates totherecovery 
utu can be signincant 

Purriping Arransements 
Various pumpinganangements 

can be employed for the m v e v  of 
hydrocarbons in uater-table aqul- 
fers. The selection of a pumping 
system will be dependent upon the 
hydrogeologlc conditions. the equip 
ment available. the volume and 
extent of the spill and the design of 
existing wells which might be 
mployed in the recowry operation 6 ome of the options available 

Include: 1) single-pump systems 
utilizing one recoveryweU2) singe- 
pump s)stems urllizing multiple 
\veils 3) hvo-pump S>-stems utiliz- 
ing two recovery xeells; and 4) hvo- 

PrATIVE 
BCCKFILL 

GPAVEI. 

SUBMERSIBLE 

TlNOOLlS SLOT 

Fque 3 Schematic 01 onepump syslem u W 2 g  a subme:siXe pump and 
-- noot CO~IO!S  

unpsystems utiiizingone movrry 
VelL 

Single-pump systems using one 
veil have w e d  adbantagcs over 
)ther systems (Figure 3). Thcy are 
iormally cheaper to construct than 
nultiple pump systems because 
inly one pump is required and 
:ornplicated elcrtronic controls are 
lot needed to regulate pumping 
e\els.Asimplemech~iilical float can 
x-installed toensiire thattliepuinp- 
ng level is maintained close to the 
)ump intake to iacilitate recoveryof 
he hydrocarbons. Also. srnrtller 
liameter wells c*m be used for lhe 
ecovery s}srern. However. there are 
ieveral disadvantages to single- 
Bump systems. Separators must be 
nstalled to recover the product a t  
he surface. They are nomially not 
IS eificient as two-pump systems 
*cause the pump m i s t  cycle. The 
igitation of the product during 
ecovery may emulsify the product 
mdn:akescparationfroin thc.waler 
limcult. The mixingoi the product 
ind watercan result in an iricrease 
n the amount of soluble hydro- 
cubon components retained In the 
vasle w m r .  Although the one- 
lump s;stem can be ulilimd ellrct- 

i\elyforhjdrocarbon mvltiy, these 
disad:antages make them a less 
desinbie alternative. 

Oze-pump systems utilizing 
multi?le well polnts are plagued by 
the swne problems as the single 
wvdl zangements. However. in tight 
formztions of low permeability this 
m ~ e m e n t  may be the only feas 
ible recovev akernatlve 

Two-pump systems using two 
wells u e  normally ernplqtd when a 
smalldiameter wen not capable of 
amepLing two pumps is already in 
eyistenceat thesiteof thespill. 1fa 
well~readye~istsxvhich isscreened 
in thelowerportion of thecontami- 
nated aquifer. another small- 
diameter w d  capable of housing a 
prod-ct recowry pump. screened 
higher In the aquifer. can be in- 
stalled nearby. Water can then be 
wilh6rawn from the well screened 
in the lower portion of the aquifer to 
crrate the mne of depression. and 
the smumdatlng product can be 
s!4;inntd from theother\veU(FYgurc 
4). Hawever. a r e  must be taken to 
assure that cxtenslve product 
accu.?lulations do not wcur in the 
\\zterwell. resirlting In the dischvge 
o i p d u c t  through the w t e r  pump. 
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Elatmnlc controls should be b - 4  
stalled In the water u d  which Vrlu..: 
shut the water pump olflf 
accumulations become severe. or if i 
the product pump in the recovery :. 
well fails. 

no-pumpsjstems LiUlizingonc I 

wellaiegenerallythemostrlisi~blc .. 
recovery arrangement. A water . .  
pump Is installed with the inlake I 

near the bottom of the well and 
water is withdrawn at a controll4 
rate tocreate thecone pfdepression 
A product pump suspended on a 
cable is placed above the water . 
pump. ahd adjusted so that the 
intake is at or bdow the oil-mater 
interface [Figure 51. Automatic con- 
trols are attarlied at the prtxlud 
pump iniake to cycle the product 
pump as product is accumulated 
and rtmoved. In addition. contmls . 
are installed on the water pump - 
which \\iU stop the pump if produd 
accumulates in t h e  well a n d  
approaches the level of the water 
pump intake. 

There are severs! significant 
adkantages to this type of system 
The product is sepaated from the 
water in theweUandsurfacesepar- 
alors are not norindly necessary. In 
some irismices the product can be 
rccoiered. reb!ended and sold with- 
out anyadditional :efinln&Addilion 
ofsoluble hydrocarbon components 
to the waste u-a:er i s  mlnimizpd. 
slnce the water and oil are not 
mLved when recavere& The system 
is f d y  automated and can be oper- 
atedcontinuously. thils maximizing 
the eficiency of the system and 
speed of recovery. 

Although this recoverysystcm is  
normally the most elfcient and pre-. 
ferred alternative. them are sevenl 
disadmntages which must be con- 
s i d e d  A lager diameter casing 
and screen must be installed lo 
house both pumps The equipment 
required tooperateatwepumpsys 
tern. mainly due to the complex ' 

electronic mntmlr  is much more 
expensive than that in the o n e  
pump sjstems. If resistivity probe3 
areused todetecttheproductinthe 
well and operate the product pump. 
they require periodic maintenan- 
and cleaning. Particularly when 
used in heavy products. the probes 
can become coated with h y d m  
carbon and will not sense the water 
inledace. Control panels. allhough 
not owrly sensitive. are subject to 
malfunctions The most common 
problem is fuse faUure followed by 
failurcofcontrolsu~tchep failureof 
the time delay module used to mn- 
trol Iherycling pcriod of the pumps. 



- .  
and faUurc of the power supply 
module whlch drivrs the c0nt.d 
panel and its sensom. l a t h  the 
exreptlon of fuse blowoirts. the con- 
trol repajrs,ur.notsimple toperfom en, q u 1 -  .e the smlm O f a n  cxperf- 
e n d  electriclan~rlils can result In 
signincant 10s of ume ofopemtlon. 
thus it is recommended that spare 
controls be kept on hand These 
systems cannot be left unattended 
for long periods of tlme and be 
eqxcted to operate efficiently. The 
systems must be Inspected at least 
wxWy and prefcnbly more often. 

In additlon. extreme care must 
be exercised during the lnltlal start 
upand adjustmentofthe two-pump 
system The uater pumplng rate 
and product pump locatlon In the 
well must be adjusted so that the 
011-water Interface Is malntalned at  
a constant level In the well. Thus. 
the well must be gauged routlnely 
for several days following start up to 
assure that puniplngl~wlsare stabl- 
llred. The stabi!lzaKion of pumping 
levels in low-yield wells can be 
extremely dlmcult and well shut- 
down due to over pumping is a 
cumnion pmblemThus the Installa- 
tion. start up and operatlon of hvo 
pump recovery wells should be left 
to personnel experienced In thls 0 method of oil recovery and all of Its 
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Recovery Equipment 
Ertreme c m  must be taken In 

the selection of equipment to be 
usedlntherecoveryofspllledh~~ro- 
carbons The safety of the equip 
ment Is the ovenidlng factor to be 
considered when selecting oil re 
cowxyequlpmeni The usofequip 
ment not speclfidy deslgned or 
modified for use In recovery of 
flammable petroleum products can 
result In hazardous situatlo~ and 
the endangerment of project per- 
sonnel. Thus  the selectlon and 
instalatlon of recuwry equlpment 
should be left to experienced pro- 
fessionals familiar Wth the precau- 
tlons requlred when uorklng with 
hazardous m a t d a  The following 
discussion will p m n t  some of the 
general guidellnes which should be 
considered when selectlngpumping 
systems. but thrse criteria are not 
all Lnduslve 

Before any water pump Is pur- 
chased for use In a recovery s~stem 

be considered. The type of pump, 
the niaterlals used in construction 
of the pump and the pump's elec 
trlcal system must all be evaluated. 

facto- decting thisdelecllon m a t  

Someof thccrfteda which theuater 
pump should meet are 

JUI parts romlng in cuntact 
wlth the water shnuld te r n l s m t  
to the effects of hydrocarbons Plas- 
tic ImpeUeI-5. imrvls or rubber h- 
lngs which are.not resistmt to 
hydrocarbons should be avoldcd 
These components can swell when 
brought tntocontactwlth 011. result- 
Ing In e~ccssive wear or selzure of 
thepump. Even Inpumps usedonly 
as druateringpunipslri a twcjpump 
well wluble hydrocarbons con- 
tained In the water ~ 3 1 1  c m s e  swell- 
Ing of nonresistant park  

Discharge hoses from the 
pump. assirrnlng the pump is 
submersible pump, must $so be 
hydrocarbon reslsfant piefenbly 
oilfield dlrharge hose If thecorrect 
hose Is not selected. It can become 
brittle from contact with hydro- 
carbons 

Elwtrical Wring to the pump 
must also be resistant to the uffects 
of hydrocarbons Teflon- or won- 
mated \%+re is rrrornmended. The 
wlre should also have additional 
Drotectlon to assure that It Is not 
hayed or damaged during Installa- 
tlon or routtne maintenance. Spllc- 
'ng of the uire between the pump 
md the top of the well should be 
wolded. 

Submersiblewater pumpsaxe 
lot manufactured tomeet speclfica- 
Ions forevploslon-proofnss Thus. 
:very precaution must be tnken to 
rssure that the water pump does 
lot pump pure hydrocarbons dur- 
ng Its operatlon.Controls to protect 
he pump from thls possiblllty 
ihould be Installed 

The samecriteria llsfed forwater 
nmpsalsoapply to product pumps 
rsed for skimmlng the oil from the 
urface of the water. The pumplng 
init selected should be explosion- 
woof. Several manufacturers 
narket explosion-proof product 
lumps and they are relatlvely i n a -  
lenslve Another criterion whlch 
nust be considered when selecting 
product pump Is the vlscoslty of 

he product Some product pumps 
lave a llmited range of vistosltles 
chlch they will handle Thls factor 
hould be explored thoroughly 
efore a selection is made. 

Uety 
SaJety should be a prlrnary con- 

em durlng the deslgn lnstallatlon 
nd operatlon of any hydrocarbon 
mvery system In working ulth a 
minable contaminant every prc- 
aution should be taken to mlnl- 

mize the chan'a offire or orplo~ion 
Safetypcmnnd f d l a r w l t h  Work 
involving flammable materials 
should be contacted for thelr 
recommendatlons before work 
beglno In additlon all personnd 
Invohed In the Installation and 
opention of the rrrob'ery %stem 
should be brief+ on the proper 
safety and emergency pmcedurcs. 

Before any drllllng beglna each 
slte should becleared to S u r e  that 
no underground lines might be hlt 
U u l l U e s  whlch might have line In 
theareashouldkconted  SJ that 
thelines M beaccuratelylocatd U 
the d d i n g  is to be done in a highly 
congested area, such as a rennery. 
the site should be cleared UMI a 
backhoeasafinalprecautlonkfore 
drilling. The location of old under- 
ground product llnes or abandoned 
lineswhich might mntalnexplosivc 
iapors are usually not known even 
by refinery personnd 

Du~ngthedriillngandderrlop 
nient operatlon. some of the hydro- 
carbonsencountered In lheaqulfer 
areforced tothesurfareandprent 
a hazani Any machlnery capable of 
producing heat or a spark that 
might ignite flammable vapors 
Should be kept upwind and as far 
remowd from the well as possible. 
The dnllrng rig should begrounded 
!o prerrnt the posslbflity of static 
k-uidtyproducinga spark Sm&- 
lngshouldbe prohlblted nlthln the 
yea surroundlng the well. and fire 
ltingulshers approwd for use on 
Ftroleum fires should be a\ lable .  
Ur rotary drilllng of hyrlrocarbon 
w o r m y  weUs should k avolded 
rspeclally In amas ofheaTaccumu- 
atlons: the lnjectlon ofalr Into the 
~ydrocarbons pnsent can produce 5 

an extremely flammable mlxture 
During the drlllingand develop 

nent phase of well Insta!latlon the 
mrehole and mud pit should be 
e t e d  for the prexnceof flammable 
aprs Wth a combustiblegas In&- 
ator. If hlgh-pressure jetUng and 
Ilr-IlfUng are being used for d d -  
Ppment the well and air-lift dls- 
'hugeshould bechecked for vapors 
outlndy. If flammable concent=- 
ions of hydrocarbon vapor are 
letectcd. thls method of develop 
nent should be abandoned 
mmeddlately. Jettlng with slmul- 
aneous alr-llftlng can produce 
lvardous conditions due to the 
ierdtion of the hydrocarbons and 
he statlc charges whlch may bulld 
1p in the a&-llft system 

During the installatlon of rhe 
lumping system. care should be 
%!en toavold the productionofany 
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.. - .  .:. ' sparks whlch mlzht lgnlte \apon In 
the aeU. The control panels and 
power supply to the \\ell should all 

I!g:itnlng protection should be pro- 
\idcdat the Installatlon. It Isrecorn- 
mended that all electrical equlp- 
riicnt andenclosuresmtet explosion 
proof sprciflclationa Le. NEMA 7. 
Dhlsion I.  Class I .  Group C and D. 

. be groundd properly. In additlon. 

S-CUY 
The elTrctlve recovery of spilled 

.. hydrocarbons present on the 
groundwater table Is not a simple 
taskand requlres theuseofspeclal- 
!zed procedures and equlpment 
There are numeiuus alternative 
recovery systems whlch can be 
employed. The selection ofan alter- 
native will be dependent upon the 
existing hydrogeologlc condltlons 
and the nature of the splU 

Once installed. theproperopem- 
tlon and rndntenance of the recuv- 
e v  s)z.Lem Is cruclal to the s u c m s  
of the recovetyeffort lnltlal start up 
of the systems to stablllze pumping 
lerels s!iould be performed by per- 
sonnel experienced In the field of 
hydrocarbon recovery. The systems 
require routlne Inspection and 
adjustment to provide for an em- 
clent recoLery. When electronic 
pumpcontrolsareeniploycd. the- 0 tems must have a contlnuous 
rnalntenance program as they am 
prone to malfunctions. 

Safely should be the ovenldtng 
concern when designing. lnstalllng 
and opentlng a hydrocarbon re- 
mmysptem.Aupernne1 Involved 
In the lnstallatlon and operatlon of 
the s)stem should be brlefed on the 
proper safety and emergency pro- 
cedures to be followed 
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SUMVARY . , . . 

This  study, believed t o ' b e  the f i  
' .  factual in fo rma t ion  that  shou7.d be useful tu' 

Results ' o f  the study shoG t ha t  #there is 
between t a n k .  li .fe and  s o i l  aggressi.veness. 

fa i led  i n  less than  15 years i n  o t h e r  than .a, 
on the ieaking t a n k  'chart, Appen 

theory tha t  an unprotect 
.should normally l a s t  we . : 

. '  The average age of a l l  the 1 
though 71 percent o f  them were i n  

: soils. . .  

During the study period, a 
. Canada, 124 o f  which  had one o r  

classed as- leakers .  One hundred 
- 'leaking tank chart, Appendix 8 .  

because soil samples were'not ma 

I t  should  be .  pointed out  t 
self  sealed by the products of 

I .  

. , .  , .  . . , .  

Detailed on-s'jte investigations were made of  235 tmks iWSauthern,  ::' 

Ontario,  68 o f  which were classed as  leakers., a. l though only 3T of.'these; ''.:;c~~ 
had been reported as  l ake r s .  .This leads t o  t h e  assumpti0.n tha$:$h.there-.. . 

may. be some question as t o  the rel iabi l i - ty  o f  bulk inve.ntot-y' control,l-:,'.,l.:.-;::~ - 
a t  re ta i l  out le ts .  

W i t h  very f e w  exceptions, a l l  tanks removed ex 
tlegrees and types of corrosion. . External corrosion .was 
most  comnon, and  a t  about h a l f  o f  the  sites .suckcorros, 
attr ibuted t o  contaminated backfill -.evidcnce o f  a s.ub 

. . . . . . .  
. . . . .  . . . . . . . .  .., . .  
: . .  

i , -  
. ,  : .' .'. 

. .  
t .  evidence of product loss.  . .  

.I . . .  7- .. 

. . . .  . . .  l i .  . . . . .  . . .  i .  
.. 

...... . I .  
- .  - . . .  
. .  - : 

. ,  . . . . . . .  . . .  . .  . , , . .  . ~ .  
. _  

%. . -. . 

. . .  - .  ._I I.' .. 
'' instaI?ation: 

Tank removal procedures revealed a number  of'unsa 
practices.. 

.. freeing of tanks was questionable, and openings yere'no ..... 
t o  render t a n k s  u n f i t  for further use. Some. t w k s  were hauled. away.,:. .. . . . . . . .  

i n t ac t  without knowledge of t he i r  future use. Compkly.  technical:^.. :. .:.:< ".: .... '.;: 
representatives were seldom i n  attendance a t  removal sites. to. i y s u r e  , ., : ..:;:. 

Tanks were n o t  always f u l l y .  stripped of pro 

. . . .  . , ,  . .)'. . . safe? practices. , .  

, .  

In some cases, the  leaking tank only was.'replaced. without- ' :  . . . . . . . .  . * .  . '  
I . . .  . . .  . . -  

. .  ., . 

, 

, 
. . . . .  . . .  

. .  

checking a l l  other tanks a t  the s i t e .  
, .  

- .  

. . .  . .  .. , .. 
. I 

. .  
' I  . . . . . .  . . .  .... 
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and duties were outl in  

. 
,r . 7. Maintain conta  

s i g n i f i c a n t  da ta  i s  bei 
by the system a n a l y s i s .  

8 .  Submit regdl  a 





. ., .' 

- 2. 

.3. 

4.  

. .  
. .  

.. 
Soi l  pH. 

. .  
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,Differenti.al Characteri 

Resist iv j ty  Ratios , ' ,  

pH Difference 

.I.ndicator'of Bacterial 
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Sol'fi des : 
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'Classification o f  s o i l  
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Sum of the above. 
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. .  . . . .  . . . . .  ., . I  ,:... . ,. * .... <..+: . . . . . . . . . .  . . .  _ -  s -  . 
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Instru'ctions were s e n t ' t o  a l l  par t ic ipat ing companies'.tu give,:'. . T.:*..:-;-i . * ,  ....... 
'. ample prior notice of tank remvals SO that arrangements cou'ld: be j .  ;I.-.-.. 

h d e  for  one of the consultants to be i n  attenrfsnce. ' During the-'::.. ,:,::L:.'2-,: 

f irst two months, there was limited response.. This m y  ha&+ k e n  I :-?Z'. 
due - to  the time lag for  communications to rea& a?l.'.~~~l,ld,persanne9 b '  .j 
or  t o  a lack of understanding of the ob jec t iveso f .  the pro&ct, 
There was also some resistance from the f i e l d  i n  compacting :the,: 
s i x  page "teaking 'Tank System Report" form. .Repbrts generaf.2y ' : 
were. s l o w  i n  coming i n ,  necessitating i n '  sore :czses, one or.  mare. 
follow u p s .  Reports were not well' prepared.  except^ fo r .  'a. few.-' , . .  

isolated cases. 

. .  

. .  ' ' 

. ' , .  
. . .  . .  

~ . .I 
. .  

... . .  , _.. . .  8 .  

. .  . . *  . ' .  . . .  . .  . . . . .  
,I .,. 

, .  
. . _  

During the l a t t e r  h a l f  o f  the projec.t, the,re .was a tonsi.deF-,L.... ..1. .,.::,) 
.abl-e improvemept i n  removal advice, and the: cansul tan='. field. ... .....'....iz+$ ., . I .; 
activi.ty during this  per iod  was maintained . . .  a t ' a .  b r i sk  pace,,& - .  ; ..::, .. . ',';' . ,.. : 

. . . . .  _..:> ..... 

. . . . . . . . .  :' 

.... 

. .  . .  
Advice on' ta'nk removals was recei.ved i.n.same"cases from.'a . . . . . . . .  

company representative, b u t  more often, d i r ec t ly  from '-the- contrac 

contractor was i n  a better position t o  know exact ly  
was t a k i n g  place. ' A t  l e a s t  one 'company rna&s. thp; contrac'br res 
s ib le  for removal advice by including i t  as:.oni:'of .... t h e  c 
of his. contract, .+ - . 

The l a t t e r  proved to 'be  the most rel'iable., simply because. the. . . . . . . . . . .  

. . . . . .  . .  

.. Unfortunately, there were twen.ty-two. sites i n  Southern 
for which prior advice was not received even though they vie 

' .  As'a resul t ,  .detailed t a n k  inspections were not. made, 
- some cases, soi l  samples were sent to  the. cansu.1 tants. fai-a 

2. Tank Corrosion * 

w i t h i n  the area tha.t could have been attended by the- consultants. .  ..... 

. .  . .  
, .  . . .  

. . . .  
. -. . ,  

. . .  
. . ,. 

a )  Externa'l Corrosion 
. .  . .  

. .  BY f a r ,  the most common type of corrdiion was ex 
and i t ,occurred i n  many different forms and: f r o m  a.va . 

. ' . .  . causes: 

. ( 7 )  Lumps of Clay 

., 

. . . .  
. .  

... 
I 

The most frequent cause ' o f  pi.tt-tng was w'her 
clay were found adhering t o  the .tank in t h  
sand or g r a n u l a r  backfill.. In t h i s  ca se , , t he .  cl 

. .  a corrosion cell by shutting o f f  the. axygen, ca. 
.. ..clay c0ntac.t area t o  become anodic tu. i ts 

. .  

, .  ._ J - 
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o r  ' s l i ngs  caused millscale ab ras ion  dun'ng h 
t h e  t a n k .  S i m i l a r  d i s tu rbance  o f  the. rn.TZ-7~ 
e v i d e n t  where hold-down . s t r a p s ' w i t h o u t  insu 

' Severa l  ' s u c h  examples were observed  ;her 

been used. 
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. .  . .  . _  (7)  New Tank Adjacent t o  O l d  . . I .  

,. . .  
, "  

. . . .  . "  When a new .unprotected undergraund t a n k '  is:.':. . "  . .  :. 

through  the product p i p i n g ,  the new €an.k becmes.:thf? .: . .  anode of a corrosion cell  i n  w h i c h  the-older tanks a r e  
the cathodes.. 'This condition is. i.T.hstrated. +.Kc F'igure 5 

. '  instal led adjacent t o  old tanks'and.connected.ro. .them, '_ - : 
.. 1 f +; -1  

. . . .  . . .  . . . .  
I .  

. .. ' '~ 
.t ~. . .  
I ~ 

. . . . .  
. . L  , . 

. . . .  
. .  , . .  

i . .  . .  

. .  
. .  

. .  

' ,.*- ... . .  .. , . . . . . . .  . -  . 
, : -: 

. ; : , . . ,  .' 
:3: 

"~,..~, . .: 

~. , ' .  . '  
., 

. 
. -  8 . .  

~ ,. . . . . . . . .  
..!.I 

. .  
. . .  . .,. 

. .  
. .  

.'!? . . : :  , 
. .  . ,  

.. : .e ' (8) Protected Tank Adjacent to'0Td . .~ . .  
. . . .  . -  , . .  " J  

One case was encountwed where a new. cathadicaITy,::;: , ,. ,Ti 
protected tank had been i n s t a l l e d  two years aga, 

..'adjacent t o  three unprotec-ted 10-year o l d  tanks, 
the s i d e  o f  the  t a n k  next t o  the protected. tang,~was. - .,-I. 

good condi t ion.  
protection system on the new. tank; Towered: t h e  c e s i ' s t W i t y  

Here, 
i,, 

severely corroded while the. o t h e r  two old. t a n k s  $rere: in, ... . ,..' 

o f  the electrolyte  a t  the s ide  o f ' t h e  . . .  o ld  .tank.' . , .  ~, . . ;-, . . . .  ' _ _  
I t  would appear here. tha t .  t h e  catho.dtc,-;. . 

. . .  
. ,  . .  1. 

.. . -  
.?. 
I . . .  . .  
. .  , .  

. .  . . <  
i .  ." . -.. 

. . . . . .  . . .  
. .  

. _ .  ~- b )  Internal Corrosion . .  
- 

O f  the 235 tanks inspected on site:,.'80 were opened a n d  : . .  
examined fo r  internal corrosion. 
sludge accumulation, most t anks  were: found. ta.be itr q u i t e  *::?:.. 

good c o n d i t i o n .  
as follows: 

OWher than.:some Case%sf.;.'- . , ";: 
-~ ;.;~ 
': ' .': Where corrosion was. abserxed, it. occurred .'-. . - ~. 

-. - .  
. .  

I 

- 
.. . .i',.. .. , . .- 
. J. 

. ' ,  .. 
.. ' .  . .. 

. . . . . .  
. .  

- 14 - .  
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* .  

. . .  

. .  

Overall Scal i nq 

scale was observed, and this was 
condensation within the. tank. N 

In. these cases, a t h i n  layer o 

'found where this condition existed ... . . . . 

(2) Below Fi l l  Pipe 
. .  

There were two cases where pe.rfo.rationk. accurr 
.directly below the fi.11 pipe-. One of ,.these ,is show 
i n  Photograph .P7 where the l/d-inch raund iriteryal 
perforation was th? only corrosion disco'vered. -.The 
exterjor of the t a n k  was i n  near  'perfect conditio'n.. 
Some authorities s'uggest t h a t  t h i s .  condition- js:.cau 
by the repeated impact of  a brass-tipped d i p  s t f c  ck... 

-. this  study, there was not enough evidence ,to -.suppo. . , .  . .. 

, 

. ~ .  , . . ... . ._ I . .  .. - -  . 
: . -- . .  .. . 
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.-.... ,_.-, . ......- - ....... ~ . _ _  . .  ... -I----.-- 
. .  

(3)  

. .  

. .I  

;, -: 

. . . .  

. .  

3. 

;t 

---.... 

., - 

. .  . .  
. .  . .  

Below Vent Pioe 

One tank was disco.vered 
perforation directly beTo 
was an isolated case, i t . c a n  
location'of the perforation 

.': ' Three more cases o f '  per fo ra t ion rdue . t  
." ..,. corrosio'n were discovered, all In-vrery o l d  

- .~ tanks. The tank design involved'embassed h 
ribbed shells.  . Perforations- occurpd  m i d  

:,'.ribs, although i n  one case, there were pe.P 
' i n  the f l a t  area of the shell. . .  No. perfo.rations.wer . .  

. . found i n  the heads. . ,  
. .  

. 
I . *  . . . . . . . .  . . . ; .  . .  Quality of Installations . .  . ~ . ' _ .  . .  . -  

. .  

Other than the e f fec t  of. the s o f f  aggressiveness, most o f . t h i < : ; ' '  . -  .. 
, 

examples o f  external corrosi:on were. t o  some ckg,ree due  ,@ the . ;',:;::.% 

q u a l i t y  o r  type of i n s t a l l a t ion . .  ' I t  seems d e a r  thatJ2.e  results.;':?:--! 
of a p6or instal la t ion can override many o f ' t h e  other factors ; th  
contribute t o  corrosion. , I t  shou'ld be recognized'that a 'varie 
of corrosive forces a re  acting on. underground tanks; Where fa 
occur, however, i t  i s  nearly always a resu l t  of those forces being 
concentrated.in re la t ively mall, areas and h i g h e r  concentra--:'-. 
tions usually occur a s  a r e su l t  of foreign n z t t e r  in the backfil 

In  this stud;,, about h a l f  of a l l  '&e s f k s  v is i ted  were'.' 
discovered t o  have sub4tandar.d t a n k  im.tallations., Cases wer 
found where. the .sand.backfill wav mixed L1i.t.q clay,-  construction-.  
debris, cinders, and. other contaminating rnatcrial..' ' I n  most ca 
these. si.tuations probably contributed t6 p remture  fai.lure of- 
tanks. 

A good example was seen a t  a. s-i-te. i n  an urban. area.wh 
native clay so i l  was highly aggressive. ' F o u r  t a n k s  had bee 
,installed w i t h  clean sand backfill.  and 'were in  good conditi 
On the same s i t e ,  i n  another location., Qio other tanks .had 
instal led,  b u t  the backfill was contaminated w i t h  clay and 
truction debris. 
were leaking. This i s  the c la s s i c  case o f  We- benefi ts  of 
instal la t ion practices. 

Unless there i s  continvous .supervision. d u r i n g  
i n s t a l l a t i o n  .procedure, there i s  no way o f  knowfng 
goad one because the work is covered oyer and so i 
years t o  come o r  u n t i l  premature tank fa i lure  occurs 

' many other components o f  a se rv ice  s ta t ton . f a c i l i t y  
workmanship can be inspected a f t e r  corn?let?o.n, the 
t a n k  installation i s  hidden and will.1 never fie known 

Both o f  these tanks were. severe ly  corroded.anCW 

. .: . , .  

are removed. 
.... A- ,,: . . . . .  1; ...- " 

. .';';,.u 
' . . C  '."4 .. 

. . . .  - . . . . . .  . . . . . .  . . . .  ...... . . . . . . .  . 1 .  , .~ . . . . . . . . . . . . .  ... ..... - . -. ._... ':. ; .*:*,:,. .4 -8- 
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if there. i s  an unacco 

. .  

actual  ev idence  o 
p e r f o r a t i o n s  were 
by t h e  p roducts  o f  cor ros ion .  

7. Inventory Control 

outlets.  O f  35 1 
d i  s co  ve r e  d beca us 
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', . ' 1'1. Government Contacts 

. Several contacts 
. . Except fo r  the matel: 

: - ' .found t h a t  no other 
' . t o  the study. 

. . .  
. .72: Contacts W i t h  Contra 

. .  
. . .  ' 

' repaired in the 'Toro 
, .  . . .  -. generally s u p p o r t  t h  

' One, of .the' 
cooperative by pro 

: . 
. .  

' . .  ' , '  

. .  

. . .  
:.. s, 

.. his covering l e t t e r  

It was also f o  

as well as ass i s t in  
. . . . .  . . .  . .  were very cooperati 

13. Rem6val o f  Protec 
~ 

A few t a n k s  w 
protection using U 
were leakers, b u t  
separated, and  whe 
e i ther  remained i n  
tank. 

. .  . 

. . . . . . . .  .,. . .  . . . . . .  . . . . . .  
, . ,$?; 
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SOUTHERN ONTARIO PHYSIOGRAPHY RELATED TO SOIL AGGRESSIVENESS VALUES 
(Includes All S i t e s  Where Soil Aggressiveness Analyzed) 
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dERS IN SOUTHERN ONTARIO ' 1 , .  .. s, 

._  
: ,  DETAILS ON'TANKS NUAGENT T 

' ( Includes Only Rcported Leakers Nhere Adjacent Tankage 'Al'so Removed) . ' 
- 

. .. i . .  

. ,  ! ;Consul t * Reborted Lcakcrs . .  Adjacent Tanks I 
f 

f . i Corrosion ' Extent Leaker 

. .  Ho [2-2000 18 E x t e h a l .  . . S l i g h t  

Chart ?io. 3 No. ti . 
4 __No.  2 i z c  

1 
- 

2.-3000 12'' External Soak s l i g h t  Ho 

2-3000 . 
- 

flo '. 22' No 'corrosi'on ' '  . ; : .  
' -_ -- 

' No 

21 1-2000 

31 1-3000 

36 . 1-3000 

11 ' 110 Corrosion 

17  External . . .Local p i t t i n g  .'. KO 
i. - 33 1-1000 1 7  Oil 

No 1 42 11-3000115 1 No lead1 rxternal 1 2 Per forat ions 11-3000 15 External I/  1 1 I Local p i t t i n g  1 
-__c - 
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T A N K  L I N I N G  C O M P  

1 7 0 0  M I O C A . N O  A V C N U L  

$4 . . .. SCARBOROUGH. (TORONTO) 0 
M1P 3C2 

.r, 

. . .  . .  . I  . 

,101  

.- 

line&. . 

records j.ndicste t h a t  the follosrlzyg genera 
concerning . the condition o r  t h e  tanks which w e  h e m  .I G&ss~ .9rmor. 
iq  t h e  past:  

a) !&e location' of mst serious c&osion ,ha . 

b) 

~' _ . . I  -. 

, of-the tanks. 

Gutside cornsion w@=!dng towards the inside 
mejcc i t y  of instaces v?lue holes heye been 
sandhl2s'CFng t h e  Fnteri-or of the tanks in pre-paz'a2ioz.for.Glas 
Amor l-. 
wgnitude has been -1. 

Carmsion  has often occurred i n  the bottarc 

The nmber Of c2ses of i n te rn  

c) - ........ ', . : &. . :, close proxi&ty to t € i e  seems. 

a) . In a hi& percentage of t h e  te&s Uns 
resulted In holes through the tank she 
o r  outside corrosion working i n - e s  c 

We trust t h e  attached 'irill be useful.  
please 'contect me a e c t l j . .  

If 

: I: 

m . . . .  <-. ...... - .- . . . . . . .  ...... 
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THE G X 7  E) (AEMOR SPFLAY) 

GA27 P is a specially formulated, chemically resistant, epoxy resin-based.product, smc- 
turally reinforced with glass fibers. It is specifically desighed for building a new tank in a steeL 
storage tank, using Bridgeport Chemical's FUSION BONDING process. It eliminates corrosion . 
from within the tank and retards corrosionfrom outside elements in''tt!e soil. 

; 

0 

This technical bulletin outlines the specifications of Bridgeport Chemical Corporatioti's 
Glass Armor method for solving the extremely serious, costly, and hazardous problem ofreplac-. . . , 

' 

. .  ing leaking underground gasoline storage tanks in the service station. . . ~. . . ., 

Gasoline. by itself cannot cause corrosion, buf'water and oxygen that gasoline pick up . 

does the damage. At high-product temperatures, gasoline is more heavily saturated'with air and 
water than at lower temperatures. Then as the product cools, the solubility of water .in gasoline ' 

decreases and droplets of water form and settle out on the tank metal,. When the gasdine 
temperatures drop from 140°F. to SOOF., as much as 0.5 Ibs. of water comes from 100 lbs. of. 
hydrocarbon (about 1,616 lbs. of gasoline). These figures indicate a 6,000 galIon tank could,bve 
approximately 23 gallons of water in each load. 

. 

, -' 

The rate of corrosion also depends on the type of gasoline and the type of crude used in the 
refining process. The most highly aromatic fuels have a greater mter solubility a d  are more 
corrosive (premium is. more corrosive than regular which in turn is more corrosive C h a  
kerosene). 

. .. - 

Films cured for 7 days @ 75°F. are unaffected by the following reagents after 30 days 
immersion @ 75°F. 

Reagent Visible Affects 

ASTM reference Fuels A and C 
Unleaded Gasoline 
Premium Leaded Gasoline 
Diesel Fuel 
Benzene 
Toluene 
Xylene 
Mineral Spirits 
Gasohol 10% ethyl'alcohol 

. Gasohol 50% ethyl alcohol 
Ethyl alcohol 
Isopropyl alcohol 
Propyl alcohol 
Tertiary butyl alcohol (TBA) 
10% Ethanol gasoline 
10% Methanol gasoline 

No Affect 
No Affect 
Eo Affect 
N o  Affect 
No Affect 
No Affea 
No Affect 
No Affect 
No Affect 
No Affect 
No AfIect 
No Affect 
No Affect 
No Affect 
No Affect 
No Affect 
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15% Methanol gasoline 
30% Methanol gasoline 
50% Methanol gasoline 
100% Methanol 
Distilled water 
10% Sulfuric acid 
Sodium Hydroxide 10-30% 
5% Sodium Chloride 

. .  . . . .  .-... .... 
. . ,  . -~ .. .  " . 4, . . . . .  

NoAffect ' . '  
No Affkct  
NoAffect ' . 

NO Affect ,..: 
No &ect 
No Affect 
No Affect. 
NoAEect. . ' . .  

. .  
%.:. . ,  

. - ~ ~ , $  . a .  . . . .  -... . .  . -  . . .  

. .  
. . .  

. . . . .  
. .  

I . .  
I 

. .  - .  
. .  

'- . .  . .  

The Glass Armor epoxy resins have long been recoag&ed by corrosion engineers as a. . . . . . .  

superior material unique in properties that make them.one of the most valued too1s.to cornhat. 
corrosion. 

. 

. .  . .  

. .  . .  

Bridgeport Chemical Corporation., who pioneered the process of . k g  leaking gasoline 
tanks, has factory h-ained franchise applicators serving the petroleum industry from coast to 
coast. All Glass Armor.applicators follow this specification using the GA 2W line of epoxy . 

coatings. . .  

GA 27P bonded to the interior surface of the steel storzge tznk RsuIts in a shvcturally 
strong tank built within a tank. This material gives a solid gIass h u d  inner protective wall to the 
leaking vessel. The corrosion-proof inner tank seals off the leaks and becomes completely 

. -.. 

. 

. * . bonded to the entire tylk 

The Glass Armor procedure for the repaif of undergmmd gasoline storage tanks inclclde 
the following: 

1. Isolating the tank. 

2. Gas freeing the tank. 
. .  

3. Entering the tank. . -  

... 4. C!eaning and sandblasting the W. 

5. Application of GA 27P. 

6. Sealing the tank. 

. .  
i 

. .  

.%. 
. .  

To be certain that all Applicators take aI1 the necessary action required to succeed in this 
program, the following specifications have been witten. 
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1. SCOPE: . .  . .  

This specificati0.n covers the requirementsfor the Glass Armor process for therepair of 
gasoline storage. tanks. This specification outlines the method to be foIIawed for the. 
safeguarding of gasoline tank atmospherq for the purpose of conducting. the Glass Armor 
Process for such tanks. It outlines the methods to be followed for flushing. t k .  interior-of 
gasoline tanks for the removal of combustible vapor preparatory to the removal of sediment, 
rust, etc. InsLructinns are included for cleaning intenor surfaces of steel tanks, 2nd for &e 
application of protective coating. This specification outlines in general the xquiremerrzf, 
procedure, and operatingconditions for fheabove work to be followed b y B r i d g e p m C h x n i 1  . . 

Corporation's Franchised Applicaton and.Dealers. All work must be done in acqrdance with. 
the current Federal Occupational Safety and Health Adrninistratian Codes. (OSHA). 

e. 

. .  

2. SITE INSPECTION: . .  

The Applicator must visit the site, zscertain local conditfonsaxdscnp of work W h q e  
necessary, approval from local authorities shouId be obtained prior to ap.pfication. Where no 
such approval exists, the applicator must notify Bridgeport Chemic& Corporation in writing. 
See Annex D. . .  

3. SPECIFICATION FOR COATING:. 
. .  

. . .  

. Glass Armor G A U ' P  shall be applied eo the entire inner surface to  be protected on &e 
storage vessel. 

. . .  
4. INSPECTION OF STORAGE VESSEL: 

The storage vessel should be inspected by a competent person to determinehow long the 
tank has been in service, approximate amount of gasoline and sediment in the tank, and t h e  
physical condition of  the tank. l i the tankdoes not appear structurally sound and has wide open 
seams or extremely porous metal, the tankshould not beglassarmorcoated. Sources of ignitbn 
should be removed from surrounding 2rea. Work should not be started if the direction of the 
wind might canyarapon into areas where they could produce 2 hazardous condition. All open 
flame and spark equipment within the vapor hazard area should be shut dawn. Eleceic 
equipment used in the area mus! be explosion-pwof, i.% Ci&s 1 ID. D'rvision I. See Annex 
A and B. 

4-1 Isolation of the Vessel: 

The tank must be completely isolated before any work begins. This means suction lixxs, 
pumps, and other connecting lines should be blmked. 

5. REMOVAL O F  FLAMMABLE VAPORS: 

5-1 Displacement With Air: Purging and Ventilating 

Gas freeing the tank is accomplished by purging with fresh air, and asafeatrnosphem:can 
be maintained by continuous ventilation. In air purging, theconcentration ofvapor inair in the 
tank may go through the flammable range before a safe atmosphere is obtained, thereforc all 
precautions shall betakento insure that theair movingapparatus bebonded to thetankinorder 
to minimize the hazard of ignition. 

e 
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. : .  . . ,  

_ .  . .  
Ventilation'of the tank is accomplished by the use of air movers of the eductor type. Air' 

movers. of this type are actuated with comptessed air, fans and blowersby electric moton or . . 

air, or gasoline motor driven. We recommend the use of the Bridgeport Ch-mica1 Purging, . 

Aerator Method. (Motor m u s ~  be explosive proof.) 

' . 
' . " 

. 

5-2 Bridgeport Chemical Purging Method .r. 

Each applicator wili insure a11 precautions w.iU be taken as per these.instructions, and the. . . : ' . 
GA27 P specifications for. the repair of steel storage tanks. 

.. . 
. .  

A. .Preparations: 

1. Remove as muchiasdine as.possibl6, (Use explosion-proof pumpsand lines); . , 
Linesat thcpumpshould beclosed andblankedso that novaporsorgasalinecan 

. ..' '. 

issue from the 1ines.during the maintenance operation. . ' . .  
. .  

2. Syphon lines mus: bc cut as well'& any connections-to a con?rno.n'fiI'line. .. 

3. A small quantky of water can be pumped into 1Xe.tank.to floatthegasolinefrom I ., 

a low spot to where it can be rcmoved from the tank. 

B. Purging 

The tank will be thoroughly purged. for the removal of flammable vapor.. , ' .  

' . y .  atmostpherc, or any residue capable of producing flammable vapors in  the tankand connected 
distribution lines, so.that siibsequent natural ventilation will not result in thereinstaternen!ofa 
flammable atmosphere, prior to any storage vessel. 

A safe working atmosphere wiihin the tank. is obtained as follows:. 

Glass Armor Purging Aerator Method 
. j  

1. Set up the Glass Armor Aerator as shown in drawing #1.. Safety precautions must 
be taken as follows: 

a. Suitable grounding must be provided to prevent a spark from igniting any 
..... gasoline vapors in the im.mediate'area. . .  
. ,. 

i; b. Air pressure in the tank must no? exceed Five (5) psi. Air supply must be from 
a diesel compressor that has been safety checked to assurea clean air  supply. ' . . , '.' 
without volatile flammable fumes feeding the air hose. (Diesel or equivalent), 

To provide a suitable ground against static electricity, be sure the copper purging 
pipe is resting on the bottom of the tank, and that the "Ground" wire from the 
copper pipe is attached to the fill Iine and to the nearest wa:er meter. 

T 

2. ' 

3. To prevent excess air pressure from building up in the tank, set the pressure 
reducing valve to 5 psi until you are positive that the vent is free and open. 

Increase air volume to remove as much air as possible without building up pressure . - 
. .  

4. 



._ . . . . .  , .  
~ 

. . .  . . . . .  ...... , . . .  . .  
.J.... . . .  . .  .;. 
. . .  .. 

. . .  
. .  I SPECIAL CAUTION: . .  

Occasionally tanksare equipped with inner fill pipes. It is necessary to rn&esure that the 
e 

air from the copper purging pipe is going down the long fill line,.into'the.tank,and out the.vent. . .  

the vent line is negligible, but considerable from the fill pipe, the open area:.around thepipe ' 

leading into the fill.can be: plugged up with rags eo .force air out the.vent pipe, 

( 

The air should not be blowing back.out the fill pipe, thus, not purging theta& If exhauszfrom . . .  

0 

The fill line should not be plugged in this manIzer unlessthe two conditionsrnentioned.. ', . ' 

above exist. ( n a t  is, tanks equipped.with inner fills anB vent not exbaustingadequately). See . . ' 

drawing #I  - Glass Armor Aerator: 

6. TESTING THE VAPOR CONCENTRATION: . . .  

. 
. . .  

. .  . - .  . .  

1 ,  

The test for flammability is the most irnpoeantphase of theentireope=ts?io,n. ?hest tests 
are made with a cornbusti'ole gas indicator such as the Mode15 Explosive M@cr(Mine Safery 
Appliance Company). Persons responsible for testing must be. thoroughly instructed in 
handling and reading the vapor indikations.. Bridgeport Chemic& CQrpOS&On. technical 
personnel will check,.approve. andsupervise all newly trained personnei -.... . . . . . .  

. . .  
6-1 Testing Procedure 

Testing the tank.for vapors is accomplished in the following mariner, . . .  
. . . .  

1. Tne M§A. Model 5 Explosive Meter musi be thokdgh,hly checked as per 
instruction manual.. 

The meter will be checked by placing the probe.in.8 known s~urc~ofgasol ing 
vapors such 2s a gas tank. After the meter readinghas beench&ced, theprnbeis 
cleared with. fresh air. . .  

2. 

. .  

3. . The tank will be checked by placing the probe in the fill line and takingseparate 
readings at the bottom, middle, and upper portions of the t2nk, cleai&g the 
probe after each regding: Be sure and. prevent liquid. p,radll.et from ehtteping 
the probe; (Chxck MSA instruction manual.) The vapors should.be tested wirh 
the air mover temporarily off at the tank. However, perbdic.tests should be 
made at the vent rise, while the air mover is in operation,axrd purging is ie 
progress. 

When the meterreading is 40% of the Lower ExpIosive LimitCLEL) rangcae the 
three levels of the tank. a number of readings of thevapor content leaving the 
tank at the vent riser should be iaken. 

§afe reading of ,20% or less of the Lower Explosive Limit (LEI;) range as 
indicated on the 1MOdel5 Explosive Meter must beobtained 2t both theeankand 
vent riser before the tank is considered safe. 

See Annex B for furiher information. 

4. 

5. 

6. 
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OPERATING PROCEDURE e 7- 

7-1 Opening theTank 

. .  * :  . 
I 

opened 
run bv 

After it is determined that a safe atmosphere has bwn.established,.the teak may be 
,. If cutting and drilling are necessary, the tools, where possib!e, are to be air operated or - - 

. - ' 

. 

' . '  ~ . 
- explosion-proof motors and bonded to the tanks. It is noted that some: tools. are not . . . . . .  

available with air operated or explosion-proof motors and when used,,testing for flammable 
vapors in the work area becomes even more criticai. Therefore, when using electrictools with. . 

open switches, the work area is to be tested continubusly during the. operation.. . .  . .  

. . .  
Where no hatch exists, a manhole may be cut oct approximately 22" x 22n. This i s  

accomplished by outlining the area to. be cut out. with chalk aed.drilling.out two holes in the . ' 

template). When the first hole is drilled into-the tankthetatprabewill be.pIad..intothe hole to . 
again verify that the tank isstill safe. It is important that purgngfs c o n h u e d  throughout this: . . 

entire operation. The test reading should be lower than 20% Lower ExplosiveLimits {LEL) on ' 
the test meter. The tank should thzn be cut by an air driven sniper or with.an.exp1osive-proof . , 

saber saw or equivalent.. 

. . 
. .  diagonal corners of the. square with an air driven drill. [The cover plate can be used. as a. I .. 

' 

. .  A man with complete positive air displacement equipment with face. mask and the. 
proper protective clothing can then e n t s  the tank  Tests with the explosive m+r . .  should be . 
performed by the man in the tank t o  ascertain that the tank vapors 2re in the,psopcr Lou-er 

. Explosive Limits (LEL) range. 

7-2 Removal of SIudne 
. .  

The volatile lead compounds in the sludge and in the scale arc  a soufa of danger. 
to workers. Sludge is a potential hazard because it is asolrrctof Tetraethyl 1ead.vapors which 
may be inhaled, because liquid tetraethyl lead in contact with ;fieskin r&y beabsorbed into the 
body and is highly poisonous. If the dry internal surface of the tank is scraped, the rzsulthg 
atmospheres may cont&n dangerous quantities of lead. Poor kedthmdfatiguexcentmt.es thz, 
foregoing hazards. No one with a punctured ear drum shou!dentersuch a tank becamevapor 
laden air will pass through this abnormal opening. T a n k o f  bulk storage mpacity over 50,000 
gai!ons must have a safety inspector from Du Pont or Ethyl Carpowtion approve entry into a 
tank. BefoR: entering ail leaded gasoline tanks folIow'the.procedure zs prescribed in Arnerian 
Petroleum Institute Bulletin #RP2015: ,"Cleaning Petroleum Storage Tanks." 

Employees entering the tank and those handling tznk sludge will be clothedm that 
arms, legs, head and torso are protected from contact with the tznk residue and the coating. 
resins. They shall wear oil and water resisthnt,boors and gloves. In addition, protective 
respiratoty equipment providing positive air pressure in a fu!l facepiece m u k  will be worn by 
those entering the tank before and during Bottom Sediment and R'ater removal, sandblasting- 

sand removal of residue and during the coating application. Protective equipment shall be 
provided, used and maintained in a sanitary reliable condition. Persons working in the tank 
when respirators are required will be equipped with .safety harnesses and safety lines  and^ 
standby employees. 

' :- .'. 

' ., 
. ' 

. 

. . 

@ 

. . .  .. ~ .. 
.,.*$. 

'.. >. .i . ..r-:~ . , Li. % 

. .  ...> 4.: ; .... 
._I> 

. .  Page 6 
.j~. 8/80  ..,: .: 

~~ ~~ ~ ~~ ~~ ~~ ~~ 



. . .  . . ' > I  . .  . .  

Pumps used for the removal of Bottom Sediment and Water s 
, proof. Shovels used to remove solid sludge shali be of thr  non-ferrous ar sparkproaftype ,: , . k::. 

. , . . ,. ,': :. .: . .  . .  . . . . . .  . . .  .I . 
. .  . r ,  - .  1 . .  

. . .  
7-3 Inspection of Tank Prior to Surface Preparation 

- 
,' 

0 
Inspection of the interior may be made with one of several farms of intemd . . 

. .: . inspection lamps or flashlights appraved for Class I, Group D-Mazardous Loc,?ti.ons., .: . .  
. .  

Visual'inspection.of She tank should be made.to insure zhat.no liquid. gas &fumes arc' 
reentering the tank. Any foot valves shall be removed or covercd tightly with plasticand taped,. ~, 

Submerged pumps should be.isolated. Suction lines should be removed and openingspluggd. , 
with robber test plugs or equivalent The vent opening should bereft clear fA&y exposed from 
the inside. 

.' 

' 

. ., 
. . . .  

. .  
. .  . .  . .  

During inspection, the extent of corrosion (both intemaL and external) shauid.be: 
determined. The entire interior shrface of the tank shaU be visually inspecred. Areas mound 

., . . 

. .  <. 
holes or suspected severe cornion and otherrandomly se l~ tedarees  within the knk$umidb,e 
tested by tapping with a ballpeen hammer to determine struaurzl.integriiy of thp steel shell.. A 
tank having extremely porous steel, a split seam or  holes too largc to be repaired, s h d l  nat be 
Glass Armor lined. In all cases,. sufficient steel shell must remaininiact (after sandblastin@o . 

provide structural support for the interior lining. 

, , : . 

' ' . 
. ' 

The following guidelines shall be utilized to, determine whether a.tznk may b e  repaired:: 
.. 

a. . .  A tank having an open seam or split no longer than 3 inches, or  . .  

b. 

c. 

d. 

Perforation no larger than '1%" diameter except undcr.the gauging opening 
where the perforation may be no larger than 2% inches in diameter. or 
A tank with less than five (5) perforations nonelaigerthan '/inchindiameter) 
in any one square foot area, 
A tank with less than twenty perforations (none Iarger than % inch.in diameter) 

Tanks that exceedany oftheaboveshould not beinteriorlined unlessapproved by an 
authority having jurisdiction. 
To determine adherence to theseguidelines, perforations and seams shall be ballpeen . 

0 

. . in a 500 square foot area. .. 

, 

hammered (before and after sandblasting) to remove thin metal and obtain structurally sound. 

minimum of '/a" thick. . . . . .  

~. . 

edges. Perforations and seam splits shall be reamed out until the edges of the.hole or split are a . ' , 

. .  

7-4 Surface Preparation of Storage Tanks 
. - .. 

.Ail 'holes should be plugged with p!ugS or screws of non-corrosivr plastic (e,g- nylon 
or tenon). epoxy putty, or hydraulic cement. Seams may be plugged with hydraulic cement or 
lead woo;. The use ,of plugs and hydraulic cement are used only as te.mporary meas3res to 
prevent water products, fumes, foreign matter from entering the tank during sandblasting. 

The entire tank shalt be.sandblasted completely free of rust, scale, znd foreignmatter 
ta SSPC-SP5-63 "White Metal Blast". 0 

SAKDBLASTING: "BEFORE BEGINNING THE S A N D B L A S T ~ ~ G  
dPERATION, IT IS IMPERATIVE THAT THE AIR HOSE' BE . 

." 
.~ i. . . -  - .  

~ . . .  . >.i - . 2,?., 
..:.. :lrW 

. .  
CHECKEDTO BESUIIETHATCEEAN AIR FREEOFFLAMMABLE 
VAPORS IS COMING OUT OF THE AIR HOSE."After thesurface h a  ........ L .? 

. . 
........ .-  . . .  '.. -. . ~ '  !" - . .  , . . -. . -<-QX.' r, ::.?: 

~~~~~ 
~ ~~~~ -~ Jgop -7 ~~~ 



.~ . .. ~ . . . -'+,._ . . I _  . . . . . .  , .  .~. 
. .  . . .. , : .<. 

... . .  

been sandblasted to White IVietaI, it. shall be brushed with c 
made of hair, bristle or fiber, blown off with~compressed zir 
'vacuum. Adequate sepalators and traps shall be used to re 
water from'compressedakThe blast cleaned surfaceshdl becoa?ed within 8.' : . . . . 

. . .*<p.. .. 
. .  . . -- - $~ . . .  . .. 

. .  
hours after blasting when practical. But in any even!, not later than24 hours 
after blasting and also beforeanyvisiblerustin.~occurs. Contact Bri&~port 
Chemical Corporation for recommended. sandblasting equipmenz and 

: ' . . . , . ... 

- I _ . _  .~ 
. .  

- .  . .  . . .; procedures.. 

After sandblasting, all perforations and.or openlsplit seams.shaU b e  permairently repaired. as. . , , 

follows: . .  . - 
a. All holes less rhaa %"diameter shall be plugged with p l u s  or s m w s  made ofnon- . * .  

. .  
, . .  - .. . . . .  . . 

corrosive piastic (e.g. nylon or teflon). ThPplugs §'hall besovercdwith Glass Armor. . " .  .-::-.. 
and fiberglass cloth, whi& ovalaps alLsida of the. p1ug.a .minimum of 2". . ..: . .  

, ' 
b. Holes up to I %" diameter shall first be plugged with either s:eeI.orplastic plaagi. In, 

extend all sides by 25 This steel plate shall be sandblasted ta white m a d  on b o ~ h -  ' ' . 

sides and bonded to the tank.with Glass Armor epoxy. A iamir;trs of epoxy a d  
fiberglass cloth shall COYW this plate on dl sides by a minimum of 2".. 

.. , addifon, a 6"xb"steef plate (IOgaugemin.) mustbeplaced overthe&mntdplug zn$ . .. 
:'. 

?. - :-,:. . .  

c. An open or split,seam (less than 3" long) shall be r e p a i d  using either fiberglass or. ' . : : . .. 
steel plate epoxied in place.and overlapping theseam bya rninimumof6"on all.sides:. . . 

. .  . .  . 
. .  . ... . . .  . . ;.-.. . .  Sandb1as:ing Safety Precautions: 

.. ,~ . 
, ' :- 

I. Blast operators shall wear U.S. Bureau of Mines approved heIr;let connect&: t G  a. ., " . 
. .  

._. . . .  source of clean compressed air. 
1 

_. 2. Blast hose shall be grounded to dissipate static charges. , 
. -  

. , +., . .  - .. " . .  , .I-." 

7-5 Application of GA27 P Prdtective' Coating 

6,427 P is a specially developed heavy built coating, designed specifically for special. 
~ 

spray equipment which .makes the coating easily applicable. A GA27 P uniiwiII cover40square. 
feet at zpproximately I25 mil thickness. The following procedure should becarPfuUy foIlowed. 

. 

1. Prepare the substrate for coating. 

2. To assure the proper coverage. thetank must be marked off withchdk into 40 square 
foot sections. 

, 3. Mix activator and resin for 3 minutes using mixing blad?#fA275. Scrape sides ofsan . i. 

with a long pointed trowel and mix for another minute.tota1 mixingiime.4 minutes. 
. .  Material must be thoroughly mixed and uniform in color. - .. . 

. .. - ... 

Page 8 
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, I  4. Place niked material under spray gun pump a n d s p r a y ~ . ~ t i i c o m p ~ t e i ~ c a a ~ d ,  '~ 

. .  
~. . 

. .  . .. I .  

5. Product temperature should be 80" F. - 90'F. for bed spr2~ pattern. 

6. Heat a r e  with hot air (Union Chill Mat Indirect Hezter LQramatic Jfl) for three. 
hours or until fullycured eo obtain maximum chemical +iid physical propcnies- 

?he coated area must be checkid for any pinhqles with a Eio%&y Detector, and coat& ' . 
over, if any are found. The coating thickness should be checked with 2s ElcometerThickness 
Gauge or BransonCostingage. Follow the instructinns on s t a n d a s k k g  the.EIcome?er&Xadel. .... ~ . - . .. . :..,.-- 
Mark I Type A Scale 14,O-g". Check various areas of the tank for prilpezthiickness as per meter 
reading. If any areas are not proper thickness, apply GA to the pro& *&ness. See.Annek,E 

Curing the coating completefy before replicing thc PiGCkCt into the Pa& i s ,  

~. 

0 
. , . 

. , 

.. 

accomplished by either of tht: following methods: 

. .  I 

Fast Cure: 

r 0- I. The ambient air within the tank is heatedto 140°F.-Ioli i-- by means ofa 25.0,QOU 
BTU indirect heater. This is accomplished by placing E 3e&k hose.frorn the heztzr 
inside theopening and diPectingieateieher.end 5rstfore I-l$5hcJurs, then st.oppo,site 
end for an equd time or  until coating cured. (See 4belovij Ckck  thoroughly before . 
closing tank. .. . ,  

. .  

2. Allow to air CUE 72 hours at 90*F. 

a .  3. Allow to air cure.? days at  77°F. ambient. 

4. See Annex C for cure testing procedures. 

7-6 Coverage 

Theoretically, I pound cover 0.94 squkre feet @125 PA: 

.. . : 

.. . ... 

GA27P unit covers: 45 sq. ft. @ 125 mils 
37 sq. ft. @ 150 mils 
30 sq. ft. @ 187 mils 

A 10%allowanceshould be made for product loss due:c porerofsteel End producrleis 
in ehe can. 

The average coating thickness should be 150 mils witha rnkimum thickness aS 125 
mils, and a maximum thickness of 157 mils. 

Where no hatch cover exists, and a manhole has b e a  ci t  cut, the tank shqutd be 
sealed in the following way: 



~~ ~~~ ~ .. . . a ~ . .. .- ~ .. 
~, I . ' . , .  . . . . .  , 

. . . .  . 
'<;, - 

. .  . .  
. .  

.. The cover plate should overlap the  hole at least 2" orreach side and should measureat 
least 27"~27". Fastening the cover to the tank can be accomplished by punching %"diameter . .  
holes on 5" centers, 1" from the edge. The cover should be rolled t a  thecantour of the tank. (Set . . 

cover specifications drawing ~ 2 ) .  . 

An alternate cover plate may be used and should overfap the hole a t  least 2"'on each 
side and should measure 24"x23". The hole may bz cut to 18"xIS"- U s k i  28 bolis,foflow the 

'same procedure 2s mentioned on previous page. 
. .  

Whenever authorities require, the tank nay be tested by either method .x.foilaws: 

1. After the tank has been closed, but before.the excavation is filled. the tank may'be 
tested for tightness with air pressure at not leis than3 poundspeisquareinchand not 
more than 5poundspersquare inch. The test pressureshd hold,withoutnuctuation, 
for a period of 1 hour. 

2. A Hydrostatic test may be applied, but the test pressure. should. be  not Iess t2ian 3 
' 

. .  
. . 

. .  

. . , 

' 
pounds per square inch and not more than 5 pounds per square inch . 

. 

8. OPERATIONS AFFECTING EXISTING WORK 
The operation shall be conducted with care not to damage work which is to remain in 

place, and all existing work damaged by such operations shall be.rectifi& promptly Without 
additional expense to the owner. 

. . Every reasonable precaution is taken in the manufacture of all Glass Armor praducis 
and compilation of d2m to- assure that they comply with Bridgeport ChenGcal Corporation's 
exacting standards. As, however, the effectiveness of eachproductdepends in part, upon correm 
methods of use, no guarantee of such products or data can. be given. 

. ' 0 .  
' 

- . .  
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' 'ANNEXA 

-. . ~. .~.. ... PERSONNEL EQUIPMENT REQUIRED . .  

a. Personnel working on such tanks will wear e b e r  boots, fresh air masks, life lines, and 
clean clothing with no metal buttons or fiittkgs. A copper rivet will be driven into -&e heels. 

. %  

of rubber boots to provideagound ordischarge.ofsEaticeIeecJidfy whichnay accumulate 
on Personnel wearing sde.ty equipmat. 

. .  

. .. 

b. 'Fresh air will be suppkd to the nask though a hose with a po&b displasemsnt 2k .. 

blower to the.windward side of maahole in tank, Adequate poWw operated blowers are . 
responsibIePat theairsupply until personneiwe3ring maskhavelefttankand rem&& fact 
piece. Securely attach one end. of rope to the harness or body of the irrdiaidd with the 
other end being held by an attendant stationed on the tank to d t  in k. removal, if , 

necessary. . .  

. 

EQUIPMENT REQUIREh.SENTS: 

a. C z ~ r t ] i F e m a s ~ w , ~ n o t b e u s ~ ~ n i n e u o f m a s ~ s e q u i ~ p - ~ w i t h  ha.scapplyiqfmhaki. 

b. Use non-ferrous tools for cieaning surfaces of rust, sedimmt, etc. 
e 

c. 

d. 

e. 

f. 

Use only cotton cloths for cleaning purposes. Other cloths tens  t o  gen=r~staficeIectrici~y. 

Lights of approved explosion-proof type ody will be. used. 

Disconninue cleaning operations while electric stom is thrp3tiAg or in 'prog;zss- 

Personnel on this operation are prohibited from wearing wool, nylon, silk, rayon, and/ or 
other static producing materials. Coyan cloth, is thc only recommsilded typc of dothing. 

- - . .._ ... - 

L 

. .1 



_ .  
I 7, 

1 .  

. .  .. 
. .  

. .  

-. . .  
ANNEX B 

- 
.. . -  

. .  DEFINITIONS: 
EXPLOSIVE LIMITS: 'There is a minimum concentra~onof fl ammzblevapor in air or oxygen 
below which propagation of flame does not occur on contact with source ofignition. ?&ere is 
also a maximum proportion of vapor or  gas in air kbove which propagation offlame does nor 
occur. "These boundary line mixtures of vapor or gas in air, which if ignited, willjust propagate 
a flarne,are. known as the lower and upper explosive orflamnnblelimits." Uscally expressed in- 
terms of percent by volume of gas in air,. . 

FLAKMABILLTY RANGE ,The difference between the Iower 2nd spper explosive or 
flammable limits expressed'zpercent of vapor in air is known as the ''flammable rang$." For 
example, the.lower limits of flammability ofgasoline, at ambient temperature, is approximktel:; 
1.4% vapor in air by volume, while the upper limit.isabout7.6%- By difference, theexplosive or 
flammability limit of gasoline is 6.2%. 

hfaximum Permissable O2 percentages and minimum inert g u  concentration for aircrzft.fue1 
tan'xs. 

. 

.' # . .  
. . 

TYPE OF FUEL MAXIMUM Ot MINIMUM COz 
Aviation G q  I 15 

145 11.6 33:5 
JP 3 11.4 
JP 4 11.4 

35.0 
34.8 

. . -  
a -  

. -  

COMBUSTIBLE GAS INDICATORS: Readings from most indicators givethe percentage of 
the lower flammable limit of the vapor in an atmosphere. Readings may be misleading where the 
atmosphere contains less than 5% by volume of 22 in an ineit container. 

1 .( ..!. 
1: 

.~ 

. .~ -. . 
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ANNEX C . .  

~, - 
. ,  

TESTS FOR DETERMINING COATING CURE 

Either ofthe two following test methods may be usedto check the degree of cures of the . . 
. .  - 
. .  . . . . - . , , . . .  
. .. 

applied coating.. 

1.  M-14 Pencil Hardness Test .. . .. . 
I 

General: Pencils of increasing hardness are drawn zcross the film until.oneis found '. ' .  

which will not cut the film but will leave a black pencil mark on the.surface whereas the next..  , ' 

harder pencil wil1,cut through the film without leavinga blackmark. Thenumber oftheharder . 
~' 

pencil is then used to express or designate ;he hardness. , .  
. .  

,. . . ~. . .. . 
_ .  

Procedure: Strip wood from the lead for a distance of approximately:'/4", usingcare ' . 
not to.nick the lead. Square theexposed lead by a gentle rotary rilotion against a No. 4433 carbide . 

' 

abrasive paper. . . -  ..: 
.... . 

. .  
Hold pencil in writing position, that is, a t  approximately 4Y, and push fonvarct ... 

.. 

, . .  
against the film. Use pressure short of breaking the lead. By tnming pencil.after a test, a new 
edge is available for use and three or four trials may be made with one dressing of the lead. 

Clean the m a r k  with a.soap or aitgim eraser. Any marringof thesurface, visible at 
0 

an oblique angli: in strong light, indicates that the pencil i s  harderthan.thefilm.Thehard.ness is '. 
expressed as  the grade of next softer pencil. 

. .  

. .  . .  

._ GA27 P should have a pencil hardness between 3H and 4H. 

3 2. Barcol Hardness Tester GYZJ935 (Barber Colman Company, Kockford,'Illinois) j. .' 
"This method, however, leaves a void in the coating, therefore the tested area must be recoated 
to eliminate this void." . .  

only necessary to exert a light pressure against the instkument to drive the springloaded indenter 
The design of the Impressor is such that operatin_e experience is not essential.. It'is 

into the material to be tested. The indenter must be perpendicularto the surface.The instrument 
can be used in any position and in any space that will allow for t h e  operator's hand. The 
hardness reading is instantly indicated on the .dial which is conveniently divided into. one ' ' 

hundred graduations. No waiting, preloading or separate measurements. On very soft. \ 

continue penetration. 

.. 

' . 
. . 

. .. 

, '- 

materials, highest reading should be used since coId flow permits spring loaded indenter to 
. -  

. .  . . ~ .  
. ' . :, . .  

~. 

. .  . .  

Barcol on GA27 P should read 65-75 

* Preferred method 
..I ". , *'i 



ANNEX D 

? - .  . , . . . . .  . .  

The Contractor's supervisor will be f ami l i a r  md comply with t h e  . . ' ' 

. . . .  procedures es tabl ished i n  the fo l lowing  publications: 

1. Recommended Prac t ice  f o r  Cleaning. Petroleux Storage Tanks. . . .  

'(API RP2015 - 2nd Edition '1976) . .  

. _  
2. Cleaning Small Tanks and Containers NFPA 327,1976 

3. Recommded Practice f o r  Protection'Against IgRiitians arising ou+, 
. .  

. *  
' .  of  s t a t i c ,  l igh t ing , .  and s t r a y  currents. 

(API RP2003, 3rd E d i t i o n  1974) . . . . .  . .  ... . .  
4. NIOSH "Working ' i n  Confined. Spaces";- December, 1979. 

The contractor  i s  a l s o  t o  be  fzmiliar and comply with  t h e  roles and 
regulations of the Occupational Safety and Health Administration as publ.ished, 
i n  the Federal Register, Volume '36, No. 105, Pa r t  11, and i n  p a r t i c u k r :  

. .  

Subpart  FI - Hazardous f la ter ia ls  
par. 1910, 106 F l a m b l e  and Combustible Liquid. , ' 

par. 1910, 132 general requirements 
par. 1910, 136 resp i ra tory  pro tec t ion  

General Environment Controls 

- 
. .  - . .  

Subpart I - Personal Protective Equipment -. 

Subpart J - 
par. 7910, 145 spec i f i cz t ions  far accident- 
prevention signs & t a g s .  . .  

Subpart L - Fire  Protection ... 

~. 

. .  

.. 
par. 1910, 157 portable  f ire ext inguishers  

- .. . ., 
: .  . . .- . <: ..... 

. . . .  
. . . .  

-_'. . . I  
. . .  . -  

I 

. .  - .  
.e 
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. .  



' '. ." ' , . . -+* -. . . ..~>. 
~r - . i :,I..  

* -  
.. . . 

. .  

- 
. -  

. .  ANNEX E 

-- _ -  
TESTS FOR DETERMINING COATING THICKNESS . .  

Use a thickness gauge such a5 an Elcorneter Mods1 I, Type A Scale 14,O-%" (Ferro 
Corporation, Cleveland, Ohio) or equivalent. 

Follow the manufacturers instructions for stqndardizing t$!e thicXness g2uge. 

Check ths various a r e a  of the coated tank for proper 
' 

thicknm as per meter reading 
If any areas arc not proper thickness, apply Glass Armor coating io the proper thickness and 
allow to cure. 

. I .  
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Plan of Tank Opening 

Bridgeport Chemical Corp. 
Glass Armor Systems 

Seal for a buried Gasoline 

DRAWiNG - 2. 
- Sforage Tanks 

E183 
- 

Plan of Tank Cover 
NOTE: Make cover of same thickness 

as steel tank. - 

Section thru Bolt . 
. ,  

Ssction thrtr Sealed Joint 
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DELINEATION AND HY5ROLOGIC EFFECTS OF A GASOLUE EAR AT STOrIEPIPE WELLS ' 

HOTEL, DEATH VALLEY NATIONAL MONUKFJT, GALII?ORNIA 

By Anthony Buono and Elaine M. Paclcard 

ABSTRACT 

Ground water i s  the only loca l  source of water avai lable  t o  the Stovepi?e 
Wells Hotel f a c i l i t i e s  of  the Death Valley National Monument, California.  A 
leak i n  a service s t a t ion  storage tank,. probably to ta l ing  more than 19,000 
gallons, caused the formation of  a gasollne layer  overlying thc  water tab le ,  
creat ing t h e  po ten t i a l  f o r  contamination of the water supply. 

For the  purpose of s i t e  select ion f o r  exploratory d r i l l i n g ,  the horizon- 
t a l  extent of t h e  gasoline layer  was mathematically estimated t o  be 1,300 .feet 
downgradient f rom the  leaky gasoline tank. Exploratory d r i l l i n g  detected the 
gasoline l a y e r  exteading between 900 and 1,400 f e e t  downgradient and 50 a d  
150 f e e t  upgradient from the source. Traces o f  the soluble components of 
gasoline were a l so  found i n  the aquifer  150 f e e t  upgradient and 250 f ee t  
d i s t an t  from tbe source perpendicular t o  the d i rec t idn  o f  ground-water 
movement. 

3 

The gasoline leak is n o t  l i k e l y  t o  have an e f f ec t  on t h e  supply wells 
located 0 . 4  mile south of the  leak source, which is nearly perpendicular t o  
t h e  di rec t ion  of ground-water movement and the primary d i rec t ion  of gasolioe 
movement i n  the  area. No e f f e c t  on phreatophytes 2 miles downgradient i ron 
the layer  is l ike ly ,  but the poten t ia l  e f f ec t s  of gasoline vapors witfrin the 
unsaturated zone on loca l  xerophytes a r e  not known. 

Abstract 1 



IhTRODUCTIOH 

Stovepipe Fe l l s  Botel i s  a National Park Service f a c i l i t y  on S t a t e  High- 
way 190 i n  the western p a r t  of Death Valley about 200 miles northeast of Los 
Angeles i n  southern California ( f i g .  I). I n  May 1979 the odor o f  gasoline was 
detected i n  unused well 15S/44E-36Kl (fig. 2 )  near the Stovepipe Wells Rotel 
gasoline s ta t ion .  Analysis of a sample collected from tk wgll indicated tha t  
a layer  Of gasoline had accumulated above the water table ,  The gasoline had 
leaked from one of t h e  s t a t i o n ' s  two 8,000-gallon storage tanks located about 
75 f e e t  south o f  the  well (fig.  2). 

Tbe Rational Park Service requested the U.S. Geological Survey to  assess 
tke spreading and the  hydrologic e f fec ts  of the gasoline leak on the grormd 
water and vegetation of  the  area. Of primary concern were the  ho te l ' s  supply 
wells 155/44E-36Q2 and 16S/44E-lCl about 0.4 mile south (f ig .  2) of the  con- 
tamination source. A map of the water-table configuration i n  August 1977 
(Lamb and Downing, 1979, p. 7) indicated t h a t  a l oca l  pumping depression might 
s u r r o u d  the supply wells. The depression could cause the movenent of 
gasoline toward those wells and jeopardize the a rea ' s  only water supply. 

Geographv and Climate 

Death Valley is a 140-mile-long northwestward-trending deser t  bas in  i n  
the southwestern p a r t  of t h e  Great Basin. The valley,  bounded on the east by 
the Amlrgosa Range and on the  west by the Panamint Range, i s  famous as the 
s i t e  o f  the lowest point i n  the  United S ta tes  a t  282 f e e t  below sea l eve l  
( f ig .  1). 

The climate i n  Death Valley i s  a r id ,  with an average annual r a i n f a l l  of 
less  than 2 inches and aa average monthly temperature ranging from 52°F i n  
January t o  102OF i n  July.  Measurements have been recorded s ince  1913 a t  the 
National Weather Service S ta t ion  a t  Death Valley, Cali-?. , a l t i t u d e  194 f e e t  
below sea level, about 18 miles southeast of the study area (fig. 1). The 
highest temperature recorded at  t h i s  s t a t ion  was 134OF on July 10 ,  1913. 

Purpose and Scope 

The purposes of the invest igat ion were t o  del ineate  the horizontal  extent  
of the gasoline layer  overlying the water tab le ,  t o  assess t h e  e f f ec t s  02 the  
gasoline laper  on the ground water and vegetation cf the area,  with ewttasis 
on the potential  effects  on water supply, and t o  determine wkat measures may 
be needed t o  insure continued sa fe  use of l oca l  ground water. 

The area of invest igat ion was less Chaa 1 m i z  surrounding the Stovepipe 
Wells Hotel. The study involved the evaluation of ground-water leve ls  and 
vater-quality infomation,  2nd exploratory d r i l l i n g  for the col lect ion and 
analysis of s o i l  szmples €or gasoline content sbove and below the water table 
i n  the ViCirity of the gasoline leak. 
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Approach 

The objectives of the investigation were accomplished by the evaluation 
of ground-water levels, water-quality information, well-construction informa- 
tion, weii logs, and gasoline station operation records; determination of the 
direction of ground-water movement; test-hole drilling with split-spoon soil 
sampling above and below the water table; and the conversion of test holes ta' 
monitor wells for the collection of periodic water-level and water-quality 
data for the detection of continued gaspline movement. - 

Previous Investigations 

Information €rom previous studies in Death Valley used during this inves- 
tigation included: General background information concerning the climatic, 
hydrologic, and geologic setting from Hunt, Robinson, Bowles, and Washburn 
(1966); ground-water quality data from Biller (1977); and ground-water level 
and quality data from Lamb and Downing (1979). 

Well-Numbering System 

Wells are numbered according to their location in the rectangular system 
for the subdivision of public lands. For example, in the number 155/443-36Kl, 
the part of the number preceding the slash indicates the township (T. 15 S.), 
the part between the slash and th- hyphen indicates the range (R. 44 E.), the 
number between the hyphen and the letter indicates the section (sec. 36), and 
the letter indicates the 40-acre subdivision of  the section, as shown in the 
diagram below. Within the 40-acre tract, wells are numbered serially as 
indicated by the final digit. 
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GROIJMI-WATZR HYDROLOGY 
! 

The local water supply is obtained from two wells, 158/44E-3642 and 
16S/44E-lC1 (fig. 21, that penetrate the unconfined aquifer cozposed of uncon- 
solidated gravelly sandy silt. Aquifer transmissivity was estimated to be 
3,400 ft2/d based on theS'Jacob and Lohman straight line solution for well 
recover? data (Lohan, 1972, p. 26-27) from a specific capacity test run by 
the Park Service on well 1121. in 1973. The specific capacity of the well is 
about 7 (gal/min)/ft of drawdown in the well. 

Each supply well produces about 25,000 gal/d during peak seasonal use at 
a pumping rate of 65 gai/min in well ljS/44E-.36Q2 and 23 gal/min in well 
16S/44E-lCl. Well 3642 supplies most of the. area's nonpotable uses, and 
well 1C1 supplies. all potable and some nongotable uses after reverse-osmosis 
treatment at the well site. The wells penetrate deeper in the aquifer than 
other local wells and produce the best quality water in the area, although the 
dissolved-solids concentration of about 3,000 mg/L (table 1) .is six times the 
recommended limit for drinking water (U.S. Environmental Protection Agency, 
'1976, p. 205-206). . Table 1 shows ' water-level, well-construction, and 
dissolved-solids information. for all. local wells. 

According to a 1977 water-table map (Lamb and Downing, 1979, p. 7) the 
direction of ground-water movement in the study area was southward toward the 
local supply wells. This .direction of ground-water movement was the cause of 
great- concern over the possible impact of the gasoline leak on the supply 
wells 0.4 mile to t h e  south.. During the present investigation, altitudes of. 
well-measuring points were more accurately determined by use of a surveyor's 
leveling instrument. Using this information, .new water-table maps were dram, 
and a better understanding of the direction of local ground-water mov&nt was 
obtained. 

Figure 3 shows a comparison of the water-table configurations for April 
1977 and Jtlne 1980. The map. indicates that ground-water movement is eastward, 
nearly perpendicular to the alinement of the leak site and t h e  sxpply wells. 
The figure also shows a general decline in water levels of about 0.25 foot, 
indicated by the westward shift of contours, and no change in the direction 
and pattern of ground-water movement. Hydrographs of several wells (fig. 4)  
show a declining trend over the period of record along with seasonal fluctua- 
tions in water levels. Included is a hydrograph of well 15S/44E-34Dl (off 
fig. 2 to' west), 2.5 miles northwest of the supply wells, which also shows a 
declining trend in water levels. The hydrographs indicate that part of the 
decline observed in figure 3 resulted from seasonal fluctuations, because 
measurements were made in different months in 1977 and 1980, and part from 
regional decline. Together these data indicate that the present rate of 
withdrawal from the supply wells has had. no noticeable effect on water levels 
or patterns of ground-water movement in the area. 
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TASLE 1. - Water-level data, well da t a ,  and dissolved-sol ids  concentrat ions 
i n  the Stovepipe Wells Hotel 2rea 

[Analyses by the U.S. Geological Sur<ey,Cent ia l  Laboratory, Arvada, Colo., 
unless otherwise noted] 

Depth Depth Dis- 
t o  Per fora ted  of solved 

(feet  below (feet calcu- 

(mg/L) 

A l t i t ude  
' S i t e  Of Isd water  in t  erVa 1 well s o l i d s ,  
Date - ( f e e t  above (feet o r  below (-1' below sea l e v e l )  lsd) 

l s d )  below l a t e d  
15d) SUm 

15S/44€-34lIl 

155/44E-3661 

15S/44E-3662 

3-26-681 15.41 38.17 51.0-53.0 53 3,290 

6-17-80 -25.21 22.78 44 -9-46.9 46.9 -- 
6-17-80 -25.31 

-26.20 -.. 
-26.10 

-22.76 ' 

-15.30 

-12.64 

22.48 

22.25 
23.53 

23.80 

27.22 

36.26 

37.42 

24.1-27.7 

49.2-51.2 -- 
21 .'7 8,080 

5,430 
5,580 

15S/44E-36Bl 
11-03-73 

6-17-80 
15S/44E-36= 

6-17-80 
15S/44E-36J1 

6-11-80 
15SI44E-36.35 

51.2 
e- 

25.2-28,. 2 

48.2-50.2 

32.6-44.3 

36.0-46.0 

28.2 

50.2 

44.3 

46.0 

6,410 

8,260 

5,390 

6-11-80 
15S/44E-36J6 

6-17-80 
155/443-361(1 

3-21-67 
, 2-14-74 

2-27-75 
6-23-76 
4-05-77 

9,170 -- -- 
37.57 
37.67 
31.66 
37.51 
37.57 

-- 
-,- 

11;zoo 
10 ,000 
8,790 

. - .. 
5-10-78 
5-09-79l 
6-18-80 

15 S / 44E-3 6x2 

37.55 
-37.86 

2-14-74 
2-21-15 
6-23-76 
4-06-77' 
5-10-78 
5-09-79 

15S/44E-36K3 
6-17-50 

US/ 44E -3 6K4 

15s f 4&-36K5 
6-18-80 

6-17-80 

31.37 
37.53 
37.49 
37.51 
37.53 
37.60 

Unknown -- -- 
-- -- -- 

37.4-45.4 

38.0-41 .O 

3,270 
3,570 
2,770 

-9.66 

-7.95 

.73 

39.42 

40.53 

49.06 

t ab le .  

45.4 

47.0 . 
59.8 

5,250 

5,510 

6,400 49.8-59.3 

See f.ootnotes a t  end of 
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TABLE 1. - Weter-level data, well data, and dissolved-eolidb concentrations 
in the Stovepipe Wells Hotel aree--Continued 

Depth Depth Dis- 
to Perforated of solved 

(feet below (feet calcu- 

Altitude 
o f  lsd 

(feet above (feet 
or below (-1 below 
sea level) Isdl 

Site water interval well solids , 
Date 

below lated 
lsd) SUm 

lsd) 
L W L )  

liS144E-36K6 
6-18-80 

15S144E-36K7 
6-17-80 

15SI44E-36Ll 
6 -1 7 - 80 

15Sj44E-36Ml 
11-03-73 

2-26-76 
4-06-71 
5-10-78 
9-21-18 
5-09-79' 
6-15-80 

15S/44E-36M2 
11-03-73 

15S/44E-3682 
5-08-67 
9-09-73* 
6-19-75 
2-26-76 
4-06-71 
5-10-78 
5-10-79l 
6-18-80 

15S/b5E-31M13 
2-26-76 - -~ .. 
4-06-77l 
5-10-78 
9-21-78 
5-10-191 
6-18-80 

15SI45E-31M2' 
6-17-80 

16s f 44E-1C1 
9-09-73 
4-06-77l 
5-10-78 
5-10-79l 

63.62 

42.53 

45 ..07 

28.1 

27.86 
27 -84 
28.04 
28.01 
28.20 

18.46 

-- 

-- 
130.25 -- -- 
129.98 
130.02 
130.23 
130.25 

27.57 
. 27.25 

27.29 
27.45 
27.42 
21.67 

27.59 

145.4 
144.84 
144.67 
144.90 

6,790 

7,650 

6,370 

6,610 
6,490 
6,620 
6,570 
6,230 
6,580 
6,220 

7,260 

2,980 

2,780 
2,840 
2,910 
2,720 
2 , 920 
2,730 

2,990 
5,540 
9,260 
8,340 
8, k30 
8,180 

- 
-- 

-- 
-- 

2,870 
2,960 
2,890 

'Analysis by California Department of Vater Resources. 
'Analysis by Hationax Park Service. 
3Formerly 15S144E-36J3. 
'Formerly 15S/44E-3634. 0 
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After the detection of a gasoline odor i n  well ljS/44E-36Kl ( f ig .  2) i n  $' May 1979, a gas chromatdgraph mass spectrometry analysis fo r  hydrocarbon 
!." concentration was run on a sample taken a t  the l i q u i d  surface i n  the well. "'> The sample was determined t o  be undiluted gasoline, indicating t h a t  a layer of 

gasoline had formed overlying the water t ab1e . in  the area.  The well is  d i -  
F. rectlp behind the ho te l ' s  grocery s torejgasol ine s ta t ion .  Pressure tes t iog  of 

the s ta t ion ' s  two gasoline storitge tanks i n  August 1929 indicated a leak i n  2. 
,.;? %L the upper pa r t  of the tank Gontzining unlezded gasoline, 30235 f ee t  above the  

water table.  

DETERMINING THE E,XTENT OF GASOLINE CO!TTAtlIflATIO$ 
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Use of the tank. was' discontinued immediately. 
f 

I. ,c 
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Movement of a Gasoline Leak i n  a Porous Medium 

2; 
? 
2; 

E s 

..: The movement of gasoline i n  a porous .med.iqn, as with any l i q u i d  i n  the 
unsaturated zone, i s  controlled by a combination o f  the force of gravity and 
the capi l la ry  charac te r i s t ics  of the  medium and l iquid.  These factors  cause 
v e r t i c a l  (gravi ta t ional  plus capi l la ry  forces) and l a t e r a l  (capi l la ry  forces) 
movement of t h2  gasoline away from the leak site. .  I n  the zone of gasoline 

movement of the gasol ine toward the  water table.  

Continued ioovement of  the gasoline depends on the  .maintenance of a leve l  
of  saturat ion exceeding the residual  saturat ion of the  medium. Residual s a t -  
uration of an o i l  product i s  .an.alogous t o  the specif ic  re tent ion of a medium 
far water. Spec i f ic  re tent ion i s  defined as "the r a t i o  of (1) the-'volume of 
water which the  porous rock ' o r  s o i l ,  a f t e r  bring s a t w a t e d ,  w i l l  r e t a in  
against the p u l l  of grav i ty ,  t o  (2) the qolume of rock o r  s o i l "  (Lohman, 1972, 
p.  12). This re ten t ion  can most~.easi ly  be i l l u s t r a t e d  by water held sespended 
i p  2 sponge b y ' c a p i l l a r y  forces against  the p u l l  of gravity,  The. volume .of 
l iqu id  retained by a medium i s  an inverse function of the grain and pore size 
of  the medium. According t o .  Schwille .(1967, p. 35) the residual  saturat ion 
fo r  o i l  products w i l l  r a re ly  exceed 5 percent of the volume o f  the medium. 
This value corresponds closely t o  values. proposed. by Dietz (1971, p~. 132-133). 

Dietz' discussion uses the porosi ty  of t h e  medium multiplied by the 
immobile o i l  sa turat ion,  a percentage of the porosity,  which yields  the o i l  
sa turat ion as a percentage of the t o t a l  volume o f  the  material  affected by the 
leak. Immobile o i l  sa turat ions ranged from 10 percent fo r  l i g h t  o i l  (gasoline) 
t o  20 percent f o r  heavy o i l  (.lube o i l ,  heavy. fuel  o i l ) .  For an assumed poros- 
i t y  of 35 percent f o r  unconsolidated sands, 10-20 percent immobile o i l  satura- 
t ion  yields  between 3.5 and 7 percent. s a tu ra t ion  of the t o t a l  volume of the  
medium. 

leakage, gravi ta t ional  .forces are  predominant, resul t ing iil primarily ve r t i ca l  
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h e n  a leak i s  su f f i c i en t ly  large t o  sustain the movement of gaso.line t o  
the water table ,  a layer  w i l l  form overlying the water t ab le .  Gasoline, 
generally considered insoluble 2nd immiscible i n  water evm though cer ta in  
-0mponents of gasoline are  s l i g h t l y  soluble i n  water, has a spec i f i c  gravity 

e f  0 .7  times t h a t  of water. This combination of physiocbmical properties 
causes gssoline t o  f l o a t  a s  a layer  above the water surfack in  an unconfined 
aquifer .  The layer  w i l l  move primarily downgradient, controlled by the force 
of gravi ty  and the capi l la ry  forces of the  medium. Horizontal and ve r t i ca l  
movement w i l l  continue through the unsaturated zone u n t i l '  the  degree of  
gasoline sa tura t ion  i n  the lay.er. decreases t o  the residual  sa tura t ion  of t h e  
medium. 

'In .addition t o  the movement of gasoline within the layer  above the water 
table ,  the v o l a t i l e  nature of gasoline w i l l  cause the diffusion of. gasoline 
vapors i n  the unsaturated zone, and the s l i g h t  so. lubi l i ty  of ce r t a in  g a s o b e  
components i n  water can cause the  degradation o f '  the  aquifer.  The s l igh t ly  
soluble components are  primarily the aromatic constituents, '  af  the gasoline,. 
such a s  benzene and toluene '(Frank Allen., U.S. Environmental 'Protection 
Agency, Athens, Ga., o ra l  commun., Dec. 1980). The exploratory objective of 
t h i s  invest igat ion was l imited t o  delineating the horizontal  extent  of the 
gasoline layer  overlying the  water t ab le  i n  the hotel  area. Future monitoring 
of  l o c a l  wells w i l l  determine the extent of continued movement of the  gasoline 
layer. i n  addi t ion to  the concentration of the  s l i g h t l y  soluble gasoline com- 
ponents in  t h e  aquife.r. Diffusion of  the soluble components in aquifer water 
resu l t s  i n  a continuous d i lu t ion  t o  lower concentrations a s  distance increases 
from the  gasoline layer .  

Two loca l  conditions tha t  w i l l  reduce the horizontal  extent of the gaso- 
l i n e  layer  overlying the water tab le  through increased residual  gasoline e .  saturat ion : a r e  the poorly sorted s i l t y  composition o f  the medium and the l o w  
soil-moisture content because of the a r i d  climate. The s i l ty  medium causes a 
r e l a t ive ly  high residual  sa tura t ion  through the associated higher cap i l l a r i t y .  
Both the fine-grained f rac t ion  of the medium and low s o i l  moisture increase 
the gra in  surface area avai lable  for  adsorption (molecular a t t r a c t i o n  forces) 
of the gasoline. These factors  reduce the volume of gasoline avai lable  t o  
reach the water tab le  and increase the thickness of t h e  layer  overlying the  
water tab le .  

Gf addi t ional  benefi t  t o  t h e  l o c a l  ground-water system i s  the expected 
complete biodegradation and evaporation of the suspended gasoline and the 
gasoline layer  within 15 years of the l e a k .  According t o  S c h ~ i l l e ,  heavier 
o i l  products may remain i n  t h e  s o i l  f a r  tens  o f  years, whereas gasoline w i l l  
not .  Case h i s to r i e s  of leaks show tha t  gasoline has never remained i n  the 
s o i l  f o r  more than 15 years (Schwille, 1967, p. 38). . 
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Locating Exploratory D r i l l i n g  S i t e s  

I n  h'ovember 1979, after a level ing survey determined precise  a l t i t udes  of a well measuring points ,  water l eve l s  were measured, and a generalized map of 
the configuration of the water t ab le  (s imilar  t o  f ig .  3) was drawn for '  f i e l d  

i n  the  subsurface (Freeze and Cherry, 1979; Fried and others ,  1979; Bolzer, 
1976; HcXee and others ,  1972; Dietz, 1971; Schwille, 1967; Van Dam, 1967; and 
Williams and Wilder, 19711, t he  extent of the spread of t he  gasoline was 
estimated t o  help i n  se lec t ing  s i t e s  f o r  exploratory d r i l l i n g .  The estimate 
was based on assumptions concerning the  volume of gasoline leakage, res idual  
sa tura t ion  of the a l l u v i a l  mater ia l  above the  water table, and thickness of 
the gasoline Layer above the water t ab le .  Gasoline ieakage was assumed t o  be 
5,000 gal lons,  the  volume of the storage tank f i rs t  reported by s t a t ion  oper- 
a tors .  The residual  sa tura t ion  fo r  the alluvium was assumed t o  be 0.05, based 
on geologis ts '  and d r i l l e r s '  logs reporting poorly sorted gravelly s i l t y  sand. 
Final ly ,  the  thickness of t he  gasoline layer  was assumed t o  be 0.117 inch 
(3 mi). Case h i s to r i e s  of o i l  product leaks (Schwille, 1967, p.  36-37) indi-  
cate t h a t  where leaks have reached the  f i n a l  stages o f  spreading o r  have 
ceased spreading, layer  thicknesses have never been less than 3-5 mm and are  
more l i k e l y  t o  be several  tens of millimeters. Using the  thinnest  l ayer  
thickness from case  h i s to r i e s  produced a maximizing of the  spreading estimate 
used f o r  locat ing exploratory d r i l l i n g  s i t e s .  

- use. Based on t h e  water-table map and an understanding of how gasoline spreads 

A bas ic  estimate was made, using the  s t a t ed  values i n  the following 
equation, which assumes an even radius of spreading about t he  source of  the  
gasoline : 

5.. 

= 650 f e e t ,  O.OS)(O.Ol) ?t 
r =  

S sr Lt K 

where 
r = radius of spread, i n  f e e t ,  

S 

V = volume of gasoline loss ,  i n  cubic feet, 668 f t 3  (5,000 gal) ,  

Sr = 
L = t 

residual sa tura t ion  of t h e  alluvium, 0.05, and 
gasoline l a y e r  thickness, i n  f e e t ,  0 .01  f o o t  (3  mm).  

The redius of  spread calculat6d was about 650 feet. It was real ized,  however, 
t h a t  much of  the  gasoline would be trapped by c rp i l l a ry  and molecular forces 
i n  the  unsaturated zone between the  tank and t h e  water tab le .  Disregarding 
t h i s  f a c t ,  and therefore  assuming t h a t  a l l  gasoline reached the  water tzb le ,  
would cause a fu r the r  maximization of the value of rs. It was a l so  known t h a t  
the  gasoline t h a t  reached the  water t ab le  would move primarily down the  
ground-water gradient.  The rs value was therefore doubled t o  1,300 f e e t  and 
considered a very rough estimate,  leaving the  option t o  re locate  tes t -hole  
sites as  exploratory d r i l l i n g  proceeded. This maximizing approach allowed f o r  
large error i n  making the estimate.  For example, i f  50,000 gallons o f  gaso- 
l i n e  were ac tua l ly  l o s t  and the  layer  thickness was ac tua l ly  1 . 4  inches 
(36 mm), the  spread should s t i l l  be r e s t r i c t ed  within the  1,300-foot  down- 
gradient estimate. Layer thicknesses i n  a s i l t y  alluvium, according t o  a 
rough guide offered by Dietz (1971, p. 132), w i l l  be much thicker  than the 
1 .4  inches used i n  the  above example. Dietz' guide i s  as  follows: 
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Average grain s i ze ,  Thickness of 
Sand i n  millimeters layer,  i n  

(inches) centimeters (inches) 

Extremely coarse t o  
very coarse 

2 t o  0.5 
(0.08 t o  0.02) 

1.8 t o . 9 . 0  
(0.71 t o  3.54) 

Very coarse t o  0.5 t o  0.2 9 .0  to.22.4 
moderately coarse -(0.02 t o  .008) (3 .54  t o  8.82) * 

Xoderately coarse t o  
moderately f i n e  

Hoderately . f ine t o  
very f i n e  (0.002 t o  0.0006) 

0.2 t o  0.05 
(. 008 t o  0.002) 

0.05 t o  0,015 

22.4 t o  28.1 
(8.82 t o  11.06) 

28.1 t o  45.0 
(11.06 t o  l7.72) 

Eight exploratory sites wer2 selected i n  three directions from the  gaso- 
l i n e  source, including s i tes  extending a s  f a r  down ground-water gradient a s  
well 155/44E-36K3 ( f ig .  5 ) ,  900 f e e t  t o  the  eas t .  S i t e  locations were selec- 
ted subject t o  change a s  exploratory d r i l l i n g  proceeded. Each s i te  was sur- 
veyed f o r  a l t i t u d e  and plot ted on t h e  f i e l d  water-table contour map t o  obtain 
an estimated depth t o  the  water t ab le .  These estimates , o f  depth insured 
sampling of the  s o i l  immediately above the  water tab le ,  and therefore 
detectlon of  t h e  gasoline layer if present. 

Gasoline Losses From Senrice Stat ion Records 

I n  December 1979, service s t a t i o n  operation records of purchases and 
sa l e s  of unleaded gasoline were obtained from Fred Harvey, Inc . ,  concession- 
a i r e  f o r  Stovepipe Wells Hotel. Records ind ica te  t h a t  leakage during the  
period October 7 ,  1975, t o  September 4,  1979, may have been a s  much as 19,000 
gallons. P r i o r  t o  October 1978 the  ho te l  was pr ivately owned and records were 
not made avai lable  t o  the  authors; therefore ,  an accurate estimate o f  t he  
t o t a l  volume of gasoline leakage was not  possible.  The losses from October 7 ,  
1978, t o  November 2 ,  1978, averaged about 74 ga l jd ;  t h e  losses  from October 7 ,  
1978, t o  September 4 ,  1979,  averaged about 57 galfd. Because the  average 
losses f o r  t h e  first 27 days of record were more than the  average losses for 
the e n t i r e  period of record, the indicat ion i s  t h a t  leakage began p r io r  to  
October 7 ,  1978. 

With the addi t ional  information concerning the  volume of  gasoline losses,  
it was real ized t h a t  the o r ig ina l  estimate of downgradient spreading of t he  
gasoline l aye r  was based on too small a volume. No modification of  the  ex- 
ploratory s i t e s  staked i n  November was assumed necessary a t  t h a t  time, how- 
ever, because the  option t o  re locate  exploratory wells could be exercised i n  
the f i e l d  as new data were obtained from d r i l l i n g  r e su l t s .  
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Exploratory Dr i l l i ng  and Subsurface So i l  Sampling 

Exploratory d r i l l i n g  was done using an 8-inch hollow-stem anger and a 
s p l i t  spoon s o i l  sampler. Each hole was d r i l l e d  t o  a depth of 2 t o  3 f e e t  
above the  estimated water t a b l e  a t  seven sites and t o  11 feet  above a t  s i t e  
155/44E-36K7 ( f i g .  5), the c loses t  well t o  the gasoline source. A step-by- 
s tep d r i l l i n g  and soil-sampling operation was then begun in 1-foot increments 
to  a maximum depth of 3.5 f e e t  below the estimated water table .  The procedure 
used was t o  co l l ec t  1 foot  of s o i l  f rom below the  auger b i t ,  d r i l l  t o  t he  
bottom of the  sample in t e rva l ,  and then co l l ec t  another sample below the  b i t .  
This was repeated u n t i l  t he  f i n a l  sampling depth was reached. Soil samples 
were col lected i n  metal sleeve in se r t s  t o  the sampler. This technique mini- 
mized evaporation of the gasoline from t h e  s o i l  following co l lec t ion  and 
during shipment t o  t h e  laboratory,  and minimized contamination from previous 
samples. The test holes were then d r i l l e d  t o  completion between 6 and 11 f e e t  
below t h e  water t a b l e  and converted t o  monitor wells.  Two-inch PYC blank and 
s lo t ted  casings were in s t a l l ed  t o  the wel l ' s  f i n a l  de?th, and t h e  perfarated 
sections were enveloped in  a clean sand pack and se t  t o  i n t e r s e c t  above and 
below the water table .  This s e t t i ng  of the perforat ions insured t h a t  any 
gasoline above the  water tab le  would flow i n t o  the  well. 

Table 2 shows the  d e t a i l s  of a l l  s o i l  samples col lected,  concentrations 
of gasoline i n  the sample, and descriptions of gasoline presezce. A strong 
gasoline odor was detected i n  s o i l  samples collected from t h e  first t e s t  hole,  
155/44E-36K4 ( f ig .  5) ,  located about 400 f e e t  e a s t  and down ground-water 
gradient from the gasoline source. The second hole,  s i te  36K3, 900 f e e t  e a s t  
of the source, had a layer  of gasoline possibly more than 1 foot  i n  thickness, 
according t o  two consecutive 1-foot thick gasoline-saturated samples. Gaso- 
l i n e  was poured from t h e  top of  t he  sampler i n t o  glass  b o t t l e s  and allowed t o  
set t le  f o r  several  hours with no observable separation of gasoline and water. 
The layer  thickness prompted t h e  se lec t ion  of a new s i t e  f o r  t he  th i rd  tesL 
hole, s i t e  3655, about 1,9OG f e e t  ea s t  of the source. go f ie ld-dstectable  
gasoline was discovered a t  the s i te .  S i t e  3656, 1,400 feet e a s t  of the source, 
was d r i l l e d  next, bu t  no gasoline was detected there .  The downgradient extent  
of the gasoline layer  was then judged to  be between 900 and 1,400 f e e t  from 
the source. Test holes 36K6 and 36,(5, 750 f e e t  and 250 f e e t  southeast o f  the 
source, respectively,  were d r i l l e d  next but showed no f i e l d  detect ion of 
gasoline. The l a s t  two t e s t  holes,  36x7 and 36L1, were d r i l l e d  50 feet a n i  
150 feet  southwest of t he  gource, respectively.  Undiluted gasoline was found 
i n  36x7, but  no f ie ld-detectable  gasoline was found in 3651. 
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TABLE 2.  - Gasoline concentrations i n  s o i l  2nd water samples, 
Stovepipe Wells Hotel area 

[Description of gasoline presence: CGI, concentrated gasoline, igni table;  
GW, gasoline and water; SGO, strong gas odor; FGO; f e in t  gas odor; 2nd 
NGO, PO gas odor] - 

Water ' Description 
of gasoline Level Sample depth concen- 
presence ( fee t  below l sd )  t r a t i o n  ( f e e t  below Date S t a t e  well 

NO I 

( f ig .  5 )  l sd )  ( P d L )  

So i l  samples 

15Sf44E-36Jj 

155/44E-3656 

15 S/ 44E - 3 6K3 

15 S/ 44E - 3 6 ~ 6  

5-13-80 

5-14-80 

5-13-80 

5-13-80 

5-14-80 

5-14-80 

36.26 

37.90 

39.42 

.40.53 

49.06 

63.62 

See footnote a t  end of t a b l e  

33.0-35.5 
35.5-36 .O 
36.0-38.0 

36.0-37.4 
37.4-37.9 
38.0-38.5 

37 .O-38.0 
38.1-38.5 
38.5-39.0 
39.0-40.0 
40.0-41.0 
41.0-42.0 
42.0-43 .O 

35.0-36.0 
37.0-37.5 
31.5-38.0 

'39.0-39.5 
39.5-40.0 
40 .O-40.5 
41.1-41.6 
42.3-42.8 

46.0-49.3 
49.3-49.8 
50.0-50.5 
50.5-51 .O 
5 1  .O-52.0 

61.0-61.5 
61.5-62.0 
62.0-62.5 
62.5-63.0 
63.0-65 .O 
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NGO 
EGO 
NGO 

NGO 
NGO 
NGO 

NGO 
NGO 
NGO 
C G I  

_I C G I  
GW 
SGO 

N G ~  
NGO 
NGO 
NGO 
SGO 
S GO 
NGO 
NGO 

NGO 
NGO 
NGO 
NGO 
NGO 

NGO 
NGO 
NGO 
NGO 
NGO 



TABU 2 .  - Gasoline concentrations i n  s o i l  and water .samules, 
Stovepipe Wells Hotel area--coatinu.ed 

Water Gasoline 
S ta t e  we13 Date level Sample depth concen- Description 

( f ee t  below ( f ee t  below lsd)  t r a t i o n  o f  gasoline 
l sd )  CtJgIL) presence 

No. 
(fig.  5 )  I 

Soi l  samples 

15S/44E-36L1 

D 

5-18-80 42.53 30.0-36.5 
36.5-37.0 
37.0-37.5 
37.5-38.0 

38.4-38.9 
39.0-39.4 
39.4-39.9 
40 .0-40 .3  
40.3-40.8 
41.0-41.4 
41.4-41.9 
42.0-42.5 
42.5-h3.0 
43.0-44.0 
44.0-h5.0 

3a .0-3a .4  

NGO 
NGO 
NG;) 
NGQ 
NGO 
NGO 
NGO 
NGO 
FGO 
FGO 
FGO 
FGO 
SGO 
SGO 
C G I  
FSO 

NGO 
44.5-45.0 1.7 x 104 WGO 

RCiO 
NGO 

45.0-45.5 (‘1 
45.5-47 I 0 

5-15-80 45.07 42.0-44.5 ----_- 
-----.. 

Water sample 

15S/44E-36Kl 5-30-79 37.56 37.56-38.56 undiluted gasoline2 

I s o i l  sample ana1yze.d for  hydrocarbons. No gasoline detected. L i m i t  o f  

‘%diluted gasolice equals 6.72 X lo8 pg/L. 
detection i s  about 3 X lo3 ug/L. 

c 
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Selected s o i l  samples, primarily from zones where no , f ield-detectable 
gasoline was found, were sent  t o  the U.S. Geological Survey's Central Labora- 
tory f o r  analysis f o r  hydrocarbon concentration. The samples, having been 
collected i n  metal sleeve in se r t s  t o  the split-spoon sampler, were sealed with 
aluminum f o i l  2nd tape,  placed i n  sealable p l a s t i c  bags, and refr igerated f o r  
shipment to -  the laboratory.  A v i a l  o f  gasoline was collected from t e s t  hole 
15S/4&-36K3 f o r  use as a laboratory standard. Hydrocarbons were extracted 
i n t o  acetone-hexane and then analyzed by gas chromatograph/mass spectrometry. 
Tabie 2 includes analyzed concentrations of gasoline found i n  the s o i l  
samples. Laboratory analyses detected gasoline i n  very low concentrations a t  
two  t e s t  z i t e s  where no f i e l d  detection w2s made. Test holes 36K5 contained 
1.12 X 10- pg/L and 36L1 cdntained 1 . 7  X lo4 pg/L i n  samples collected a t  the 
water table .  The concentrations are  less than 0.002 percent hydrocarbons i n  
water, and probably represent the diffusion of water-soluble components o f  
gasoline in to  the aquifer ,  not the gasoline layer .  The estimated horizontal  
spread of the gasoline layer  was mapped ( f ig .  51 on the has i s  of f i e l d  detec- 
t ion  and sample analyses. Figure 6 shows a d i ag rama t i c  cross sect ion o f  
t race  A-A' shown i n  f igure 5. The purpose fo r ' t he  cross sect ion is t o  graph- 
i c a l l y  demonstrate how the subsurface zones a re  affected by the  leaky gasoline 
storage tank. The s i z e  and boundaries of affected areas a r e  not representa- 
t i ve  of the  ac tua l  contamination a t  Stovepipe Wells Hote l  but were meant for  
schematic purposes only, 

0 
- 

Hydrologic Effects  of the Gas'oline Leak 

No major impact on the  a rea ' s  water supply i s  expected from the gasoline 
leak unless a s ign i f icant  change -occurs i n  the direct ion of  ground-water 
movement. The di rec t ion  of ground-water movement i s  t h e  primary fac tor  con- * t r o l l i n g  the d i rec t ion  of movement of both the gasoline layer  and the  gasoline 
so'lutes i n  the  aquifer water. Ground-water movement i n  the area i s  eastward 
( f ig .  2) ; and supply wells 16S/44E-IC1 (reverse-osmosis supply well) and 
15S/44E-3642 are  about 0.4 mile south So west and south 23O eas t ,  respec- 
t i ve ly ,  of the  gasoline leak s i t e ,  not w i t h i q t h e  expected path of movement of 
the gasoline. The low hydrocarbon concentrations found i n  s o i l  samples from 
tes t  well 15S/44E-36K5 ( tab le  2) indicate  t h a t  the soluble gasoline components 
have migrated f a r t h e r  toward the supply wells than the  gasoline layer  has. 
Future monitoring of wells 15S/44E-36K5 and 1.5S/44E-36K6 will determine i f  
e i the r  the gasoline layer  or. the solutes  migrate f a r the r  toward those wells. 
I n  the unlikely event that law cancentrations of gasoline so lu tes  should reach 
the supply wells,  t h e i r  e f fec ts ,  such as  disagreeable taste.and odor, could be 
eliminated by a combination of aerat ion and activated charcoal f i l t r a t i o n  
(Williams and Wilder, 1471, p. 5 i ,  56).  

j 

i 

i 
i 
i 

I 

i .  

Effects on phreatophytic p lan ts  would be of major concern i f  they were 
present i n  the area o f  the gasoline Layer. The roo t s  of these plants ,  i n  
obtaining a water supply from below the water tab le ,  would penetrate  through 
the gasoline layer .  Fortunately, the nearest  phreatophytes a r e  located up- 
gradient, about 0.3 mile northwest of  the leak. Downgradient the  nearest  
phreatophytes a r e  located about 2 miles e a s t  of. t h e  leading edge of  the gaso- 
l i n e  layer as estimated i n  May 1980 (of f  f i g .  5 t o  eas t ) .  Future movement of 
the gasoline layer  i s  not expected t o  extend t h a t  f a r .  Bonitoring of wells 
15SlME-36J5 and 3656 would reveal any continued migration of Che gasoline 
layer to the  eas t .  If gasoline extends pas t  these wells, addi t ional  wells 
ins ta l led  f a r the r  eas t  would be required t o  continue the monitoring. 
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Xerophytic p lan ts  throughout the  study area obtain water from s o i l  mois- 
tu re  above the  water t ab le  and w i l l  therefore  not come i n  contact with the 
gasoline layer .  What e f f e c t  the gasoline vapors w i l l  have on , these  p lan ts  as  
the  vapors continue t o  diffuse through the unsaturated zone i s  not  known. No 
e f fec t s  have been observed so f a r .  

Complete biodegradation and evaporation of the  gasoline will probably 
occur within 15 years of t h e  leak. This would l i m i t  the duration o f  possihle  
e f f ec t s  on both the water supply and t h e  vegetation. 

SUMMARY AND coNcLusIo~~s 

Following the detection of gasoline i n  an unused well a t  Stovepipe Wells 
Hotel, Cal i f . ,  the horizontal  extent  o f  a gasoline layez overlying the water 
t ab le  was delineated by exploratory d r i l l i n g  and split-spoon s o i l  sampling. 
The gasoline layer  was found t o  extend between 900 and 1,400 f e e t  downgradient 
(east)  and between 50 and 150 f e e t  upgradient from the  leak  source. Traces of 
hydrocarbons resu l t ing  from the  diffusion of the  s l i g h t l y  soluble  gasoline 
components were a l so  found i n  t h e  aquifer 150 feet  upgradient and 250 feet 
normal t o  the  d i rec t ion  of ground-water movement (south) from the  leak. 
Future monitoring of loca l  wells, especial ly  i n  the d i rec t ion  of the supply 
wells (south), w i l l  be necessary t o  determine the extent o f  continued movement 
of both the  gasoline l aye r  and the  s l i g h t l y  soluble gasoline components within 
the  aquifer .  

Because of the  present d i rec t ion  of ground-water movement in t he  arez,  no 
e f fec t s  on the  loca l  water supply or phreatophytes a re  expected. The supply 
wells are about 0.4 mile south of the leak  si te,  nearly perpendicular t o  the  
d i rec t ion  of ground-water movement and the primary d i rec t ion  of gasoline 
movement i n  the area.  Should t races  of gasoline so lu tes  reach the  supply 
wells, aerat ion and act ivated charcoal f i l t r a t i o n  of t he  water could a l l ev ia t e  
adverse e f f ec t s  on t a s t e  and odor. The nearest  phreatophytes a r e  upgradient, 
0.3 mile northwest of t he  leak si te.  Phreatophytes downgradient a r e  about 
2 miles e a s t  of the leading edge of the  gasoline layer ,  as es t imated  i n  
May 1980, f a r t h e r  from the  leak site than the layer  i s  ever expected t o  
extend. 

The po ten t i a l  e f f ec t s  on xerophytes of Khe diffusion of gasoline vapors 
within the  unsaturated zone is not known. Xerophytes grow throughout the  
study zrea,  but so f a r  no e f f ec t s  from the  gasoline leak have been noticed. 

Complete evaporation and biodegradation of the  gasoline above the water 
t ab le  w i l l  probably occur within 15 years of t he  leak. This would l i m i t  t he  
duration of i t s  possible adverse e f f e c t s  on both the  water supply and the  
vegetation. 
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-, It has2mven effective and rektivelysimple eucept for 

some problems encountered due to wry unstable bore- 
hole conditions in a lower aquifer. 

" Description of the Method 
Dxilling procedure 

Boreholeswvere drilledusinganhgmll-hdTH-60 
one Drill. although otherdrillingequipmentshould 9 just as effective. This is a very versatile piece of 

equipment that permits drillingwith high pressureair 
(750 CFhl a t  250 psi) as Well as with water and/or mud 
and is capable of both rotary drilling and continuous 
coring.&iortoanydrillingactivities,thedrill rigandall 
drilling equipment were thoroughly cleaned bysteam 
cleaningand washing. The equipment included hollow- 
stem augers. drill steel. casing, core rods. core barrels, 
tricone drill bits and any other associated equipment 
that would go downhole. This cleaning process \ns 
repeated after each borehole \ b a s  ddled and before 
moving to thenext 1ocation.Nthough timeconsuming. 
this effort was necessary to minimize the potential for 
introducing contamination into the subsurface. Addi- 
tiondy, special precautionswereemployed to minimize 
the use ofdrilling lubricants. since t h e a r e  sometimes 
used inlargequantitiesand they maycontain manyof 
theprioritypollutants to be monitored. 

Depending on the chemical constituents to be 
monitored. an assessment regarding the best drilling 
approach should be made: Additives or proprietary 
drilling muds and/or foams have been found to cause 
contamination problems in previous investigations as 
theyremain in theboreholedespite vigorousattempts 
to flush the well clean (Absalon and Starr 1980). 
Therebre. for our studies, the methods employed were 

ring. rotaryand wire-line core drillingusingairor 

Confining IECI 
(claystonelsiltstone) .- 

. .  

.Figure 1. Borehole drilled to confining bed 

water only. There are. however. some problems which 
may be encountered when drilling with high-pressure 
~ i~ ,Rr j t~epass ibUi tyo fen~nedof l and /o r lub r l~ t  
from'the drill rigaircompressorexlsts.~~ this mustbe 
monitored. The equipment used in this investigation 
Was relatively new and we did not experience any such 
problems. Second. one must evpect that substantial 
aeration \vi!.I occur dowhole especially in the upper- 
most water-bearing formation. Depending on the yield 
of the aquifer, it may take several months for certain 
parametes to reach steadystate equilibrium value 
This will also be true when drilling with water if 
injection isintoa more reducingenvironment However. 
the amount of area affected by water-injeetion will 
Usually be less than uith air injection. 

For this investigation, boreholes were started in 
unconsolidated material by using an 8.0-inch contin- 
uous flight hollow-stem auger to advance holes and 
obtain soil samples. Once augering through the uncon- 
solidated materials \a5 completed. drilling was con- 
tinuedbyusingacombination ofairrotarydrillingand 
HQ wire-line core drilling. Rotary drilling with air and 
coring using air was successfully accomplished to 
depths of behveen 60 and 100 feet below ground 
surface in both uncondidated and indurated mate- 
rials. In this manner, the borehole was advanced down 
through the first aquifer into the confining bed. 

After the top of the conliningbedbeneath thewater- 
table aquifer was reached and identified, the wire-line 
core tools were removed and the borehole was then 
reamed to a 6.75-inch diameter down to the confining 
bed using a standard tri-cone roller bit (Figure 1). 
Geophysical logs were run In theborehole a t  this time. 
In our investigations. these included natural gamma 
gamma-gamma density. self-potential resistiMQ and 

' 

c. Sted casing 

Right-hand 
square thread 

Left-hand Stainless steel 
square thread coupling (collar) 

Figure 2. Right-hand,lefXiard W r e  thread 
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caIiperlogs.Temporarycasingwas thenset to within6 
inches of the bottom of the borehole in the manner 
described below. 

The lowermost casing section consisted of flush- 
joint stainless steel with a left-hand. square thread. I t  
was connected to a right-hand square thread, flush- 
joint carbon steel casing by a stainless steel coupling 
threaded right-hand at the upper end and left-hand at  
the lower end. An iUustration of this casing design is 
shown in Figure 2. The stainless steel casing section is 
the same inside and outslde diameter as the carbon 
steel casing and 8 feet in length including the right- 
hand thread to left-hand thread coupling. Thin wall 
casingwasselectedinorder to  maximize working room 
inside the casing and to minimize borehole diameter. 
Flushjoint casingwasused to facilitatecasing remold  
from the borehole. It is possible that casing couplings 
could cause problems during casing remoml, if borehole 
swelling or borehole collapse occurred during the drill- 
ing or completion of the lower aquifer, Steel casing is 
recommended for this method rather than PVC since 
W C  casing could be broken by the drill rods while 
drilling inside of it (i.e- by rod whip or chatter). 

The lower stainless steel casing section [threaded 
left-handlwas hand-tightened to the left-hand threaded 
end of the coupling. The coupling and stainless steel 
casing section were then attached to the carbon steel 
casing and the coupling was wrench-tightened to the 
temporary steel casing. All of the remaining casing 
sections were then \wench-tightened as the casing was 
lowered down the borehole (Figure 3). After the casing 
was in place, a quick-setting expansive grout plug (Cal. 
sea la  trademarkofHalliburtonCorp.)u'aspouredviaa 

-trernie pipe into the borehole and allowed to circulate 

Stainless steel 
casing Confining bed 

(claystone/sil mane1 
.- 

Figure 3. Temporarycasing set In open borehole drilled 
to confining layer 
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V M l  Completion R&we 

tion with this method. including bundle-type piezo-- 
meters and various multi-level sampling devices. Bore- ~ 

hole sizes may vary depending on the instrument ; 
selected. The ground-water sampling devices used in . 
this investigation which was primarilyconcemed with 7 
to.uc inorganic constituents were gas-drive type 
(Earcad. a trademark of Barcad Systems Inc.] samplers. 1 
In addition, vibrating-wire type strain gauge trans- - 
ducerswere pIa&ateachsamplingpointtodetemine - 
piezometricpressure. Each transducerwasattached to . 
the tubingjustajovethesampler.Theentireassembly - 

MostaMilableinstrumentsmaybeusedinconjunc--, i 

- , _  .. 3 
both inside 2nd outside the staid& steel 'kasingi 
section. The amount of grout was calculated to encase% 
6+i 6 feet of the 8:foot casing section (Figure 41. The$ --r grout was allowed to set two to four hours. 

Before driUincj was resumed. all standing water in? 
the casing was removed. The well was then allowed to:$, 
stand foratleastone hour todeterminewhetherthere $ 
were any leaks in the casing or the grout seal through 2 
which formationwatercouldentertheborehole. Once it 
was determined that there were no leaks in either the- 
casingorthegroutseal. drillingresumed.Wire-line core 2 
dflingwasresumedbydrillingthrough thegroutplug 
and out the bottom of the casing througc theconfining j .  

layer into the lower aquiier to total depth (Figure 5). ; 
When total depth was reached. drilling tools w e q  
removed from the borehole and geophysical logs were s 
mn In the bottom section of the hole By using the $ 
stratigraphic information obtained from the geophysi- ;~ 
callogsandgeolopA cores. instrumentlocationswere 

% determined. . 

P 

"4 

'5 

.. I .  . . 

. . . . . . . . . 

Figure 4 aouiec! lower stainlen steel casing joint 4 
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%vas then placed in a polypropylene fllter "sock" and 
backfilled with No. 3 sand (Figure 61. All instmmenta- 

, tion was tested on the surface for proper operation 
before being installed in the borehole. 

! Well completion of the lower confined aquifer was 
*eady tobegin.ANo. 3sand footingwasplacedon 

: ;r, ottom of the borehole through the tremie pipe. 
The first sampler-transducer assembly was then low- 
ereddown theboreholeandlanddon thesand footing. 
Once the sampler-transducer assembly \cas in place. 
No. 3 sand was placed in the borehole through the 

! tremie pipe to completely cover the uni t  It should be 
I noted-that all instrument and bacldjll material loca- 
: tions were measuredwithaweighted tagline and that 
8 all stemming materials were placed with the use of 
, tremie pipe. The sand quantities varied based on the 

vertical length of the borehole to be sampled. After the 
I sampler-transducer assembly was completely cowred 

with theNo.3sand.afinesand "cap"wasp1acedontop 
oftheNo.3sand.No.Osandivasusedinthiscase:2feet 
\vas found tobe sufficient The purpose of the finesand 
is topreventbentoniteandgrout intrusion into theNo. I 3sandpackWith theNo.Ofinesand"'cap"inplace, the 
area above the sampler was then sealed with a 5-foot I bentonite plug. This mas accomplished by washing ' %-inch diameter bentonite pellets down the tremie 

' pipe.Theboreholewasthengrouted to2 feetbeloivthe 
'' next sampler-transducer location and the abort! prc- 
i cedure was repeated. 
I Aftertheappropriatenumberofsampler-transducer : *unitswere installed. theborehole~Msgroutedbac~ into 

the stainless steel casing section. sealing off the under- 
I - 

I 

Stai 
cad Confining bed 

! 
1 

1 i [claystonetsilstone) 

I . .  

Figure 5. Borehole W e d  to underlying contined aquiler 
€ 

2 
i 

lying aquifedsl (Figure i l  After the grout had'curcd. 
any standing water in thecasingwas removed and the 
boreiioie was.monitored for at least one hour to deter- 
mineifthere~Gasanyleakgeinto the temporarycasing. 
from thelowerfonnation&%en it hadbeen determined 
that there were no leaks. the temporary casing was 

. removed from the borehok Removing the casing wis 
accomplishedby t u m i n ~ ~ ~ e e n t i ~ ~ p i n g s t r i n g t o t h e  
right (clochvise) and OKaving kom the left-hand 
threaded, stainless steel casingjoint The carbon Steel 
casing sections were then removed from the borehole 
(Figure 81. 

Theupperpartoftheboreholewasthenopn~o the 
formation and could be instrumen&d.The~vdlcOmpk- 
tion in the upper aquifer nas sixnib to the lower 
aquiferevcept thatastand~ipepiezometerwas installed 
as the uppermost (water-t~blel aquifersampling point 
The slandpipepiezometerms constructed of 3 E-inch 
diameter PVCwithsquarethreads and!lushjoints.No 
glues orsolventswere usedduing pirzometerassembly 
to avoid problems assceated with degradation and 
leaching of contaminaxts from organic coupling 
cements [Baker 1960). T?e slotted sections of casing 
were typically 5-foot lengt& with 0.020 dot width: 15 
feet ofslotted section xias commonly used. The slotted 
section was packed Mih Lqe No. 3 sand over its entire 
length.A2-foot No. 0 sand-cap"aasplacedon topofthe 
No. 3sand topreventbentmiteorgroutintrusioninto 
the No. 3 sand pack. The borehole was then grouted to 
the surface. The subsurfxe porrion of the monitoring 
well was now complete (Fgure 91, 

The surface completiors for all multiplecompletion 

Transducer . 
cable 

Transducer 

Barcad 
sampler Alumina filter 

, Figure 6. InstrumentrSionTxrckage 

sock 
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'wells consisted of labeled. weather-tight enclosures 
mounted on steel support legs. The support legs were 
anchored into the ground with concrete a few feet from 
the well-head. The sampler tubes and pressure trans 
ducer cables were passed through a flexible conduit 
which sem as protection. The conduit is grouted to 
the top of the well and attached to the enclosure with 
weather-proofsealS.The sampler tubes are plumbed to 
a prefabricated manifold mounted in the enclosure. 
These tubes are labeled with aluminum tags and kept 
inside the enclosure until used, protecting them from 
weather and vandalism The surface completion is 
illustrated in Figuum 10 and 11. 

Field Roblems Encountere6 

- 

The procedure to isolate groundwater flowbetween 
two aquifers was relatively trouble free. However. there 
were a few problems encountered. A s  previously stated. 
this procedure was used in three boreholes with two 
successful completions. 

Rotary drilling with air and coring using air was 
usually successfully accomplished However. once the 
water table was encountered, wash boring \vas U s d y  
necessary to prevent mud collar buildup on the drill 
rods. This was due to the high clay content of the 
formations encountered at the project site. The main 
problem was associated with unstable borehole condi- 
tions below the temporary casing. Once the borehole 
was drilled to total depth and the wire-line core rods 
were removed to install instrumentation, the uncased 
lower portion of the borehole would often collapse. 

I 

Grout seal----# ;. 

Figure 7. h-entdon placed in lower aquifer '. 

Figure 8. Steel c 5 i n g  wctions IeIlloved from borehole + 

- 

Figure 9. Comple?ed monitoxing 
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when collapse occurred. the borehole was reentered 
with the wire-line core drllling rods (no core bit) by 
using l a t e r  Injection llowflow rate) to-wash the rods 
down to the bottom oftheborehole. Afterreaching total 
depth with the wire-line drill rods. the transducer- 
sampler unit and sandpackwere emplaced through the 

b ing a light water injection to avoid binding. By 
completing theboreholeinthis manner, usingatagline 
to measure borehole depth. the bottom part of the 
borehole \as instrumented and stemming materials 
emplaced. Tag-line measurements are imperative to 
verifysatisfactoryplacementofbacldii materials and to 
detectcollapse followingwire-linerodwithd~~~.Ifitis 
suspected that unstable borehole conditions eest. it 
may be desirable to initiaUy plan to complete through 
the rods. Wire-line coring in unconsolidated materials 
is an  effective way to advance an unstable borehole 
Although core recovery was minimal a t  times, the 
borehole is protected from collapse while drilling. since 
the rods always remain in the hole. 

A more critical problem arises when the borehole 
collapsesjustbelow the confining layer, shortlyafter the 
grout has been poured. This displaces the grout plug up 
into the temporary carbon steel casing. This was the 
case with the one unsuccessful completion. After the 
grout had cured [two to four hours) and the temporary 
casing was removed. the sampler-transducer tubes, 
which were grouted into the tempomry casing were 
pulled apart  Therefore. there was no \my to d m g e  the 
lower instrumented portion of the borehole 

ill rods. The rods were then carefdly pulled back. 

Figure la l'ypical ~~~d c o n ~ ~ ~ t i o n  . 

Figure 11. aosup of wellhead enclosure 
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' improvements 

It issugestedthat thestainlesssteelcasingsection 
be longer in well completions of this type. Baxd upon 
.this study, we recommend that it be a t  least 12 feet in 
length so that a good seal is ensured and grout 
quantities do not have to be as precise.LVith a 12-foot 
casing section and a 6- to 8-footgrout stage, this would 0 allow more room in the stalnless steel casing for the 
grout This is important in the event that the bottom 
portion of the borehole collapses and grout is displaced 
upwards orgrout quantities are slightly miscalculated. 

- c o s t  Compcnison 
A comparison was made behveen this method and 

analtemativeapproach to isolate hvo separateaquifers. 
This comparison is based on a 400-foot deep borehole. 
To accomplish thesamesamplingstrategydirussed in 
this article, without the use of the retriebable casing 
method. hvo individual boreholes would need to be 
drilled.Onewellwouldbesimilar to themultisasedwell 
design described by Edwards et al. (1983). Figure 12 
illustrates the two-borehole approach which can be 
compared directly to the single-borehole method illus- 
trated in Figure 9. The two boreholes necessary would 
be as follows: One borehole is drilled to 180 feet total 
depth to sample the water-table aquifer. The second 
borehole is then drilled to 400 feet total depth to sample 
the confined aquifer only, isolating it from the water- 
table aquifer. This is accomplished by drilling through 
thewater-tableaquifer into the confiningbedabove the 
confined aquifer.Apermanent casing must then be set 
into the confining bed at  the base of the later-table 

-aauifer and grouted in place. Then drilling would 

. ; , .. . . . 
. . . . . .  

i t  
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Figure 12. Two borehole Completion mebod 
* "  
'I 

- ~~ 

*:* 
continue through the bottom of the permanent.casiniz 
into the lower confined aquifer. which could then k 

The dollar values in Table 1 are based on the actual; 
costs of materials and sen3ces. except where otherwir? 
stated. The labor charges are estimated at  $35. p e g  
personperhourand may need tobeadjustddepending.: 
on actual labor msts. As Table 1 illustrates. the singles 
borehole method isdefinitelymorecost-e~~tive, repre-; 
senting a savings of approximateIy 30 percent. 

-. instrumented. -. 9 

Single borehole Two borehole - 
methad' method" 

11.040 16.564 Total drilling cost 
($27.60/foot includes drillers labor) 
Samplerltranwfucer . 3.662 3.662 
Completion materials 2.401 4.134 

Labar cor& . 5.250 7.875 
(535.00 per person per hour) 

_. -_ 
Surface completion 581 1,163 

- - 
Total cost $22,935 $33.394 

Table 1. Cost Cornpaisons 

Conclusions 
This borehole drilling and completion method has 

proven to be very u d u l  in instrumenting relatively 
deep water-table aquifers with underlying confined 
aquifers. The method avoids mixing of ground water 
behveen hvo diKerent aquifers within a single borehole, 
eliminating potential crosscontamination of aquifers 
and biasing of sampling points. I t  is a costdfective 
approach which does not require the drilling and 
completing of hvo separate monitoringweb.Also,since 
this melhod can be accumplished in a relatively small 
borehole, overall drilling costs are minimized. With 
good field planning, this can be an extremely useful 
monitoring well completion method for hazardous 
waste landfill imestigations. 
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§ 25100 
; a  
i HAZARDOUS WASTE CONTROL 

Div. 20 
i 

Cross References i v, 
j .  

c r y  Hazardous Substances Act, see § 28740 e t  seq. 
?;ejedly-ZbergDills Solid Waste Management and Resource Recovery Act of 1972, see 

Radiation Control Law, see ii 25800 et seq. 
Radioactivity control, see 5 25600 et seq. 

Government Code 0 66100 et seq. 

8 25100. Legislative findings 
The Legislature finds that: 
(a) Increasing quantities of hazardous wastes are. being generated in 

the state,. for  which the generators of the hazardous tvaste must provide 
safe disposal. 

(6)'Long-term threats to public health and to air and water quality are 
posed by the.  landfill disposal of many types of untreated hazardous 
wastes and b,y the inappropriate handling, storage, use, and disposal of 
hazardous wastes. 

(c) Extensive technology exists for the safe treatment, neutralization, 
and destruction of many types of hazardous wastes prior to disposal. 

(d) Numerous opportunities 'exist to reduce the amount of hazardous 
waste generated in the state and to conserve resources through the 
application of existing source reduction and recycling technology. 

(e) The people of the state face immense costs as a result of improper 
hazardous waste handling and disposal practices. 
(Added. by Stats.1982, c. 89, § 2, eff. March 2, 1982.) 

,. : 

Historical Sote  

Former § 25100, added by Stats.1972, c. 
1'236, p. 2388, 5 1, amended by Stats.1977, 
c. 1039, p. 3142, 5 1.3, relating to similar 
.subject matter, was repealed by Stats.1962. 
e. 89, § 1, eff. Narch 2, 1982. 

Derivation: Former 3 25100. added by 
Stats.1972, e. 1'236, p. 2388, § 1, .amended 
by Stats.lgi7, C. IOSB, p. 314'2, § 1.3: 

Cross References 

Zberp-Kapiloff Solid Waste Control Act of 19T6, enforcement agency, see Government 
Code § 66796. 

Law Review Commentaries 

Hazardous waste materials: legislative 
review. (1973) 4 Pacific L.J. 508. 
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FINDINGS AND DECLARATIOKS 
Ch. 6.5 

Library References 

Health and Environment c=2.5.5(5). 
C.J.S. Health and Environment 00 91 et 

seq., 106 et  seq., 131. 

Sates of Decisiona 

1. I n  general rmces and regulations pc+L..irg i o  ::?e 
The Hazardous Waste Control Law (this grocessing, handling and dispm! .:i bsszd- 

section et seq.) which became operative on nij and extremely hazardous SVG:~ m z x i -  
July 1, 19i3, preempts existing local ordi- e%. 57 0ps.Atty.Gen. 159, X-:;. 

5 25101.' Legislative declaration 
The Legislature therefore declares that: 
(a) In order to protect the public health and the environnen; and to 

conserve natural resources, it is in the public interest z1 ccabY2h 
regulations and incentives which ensure that the generator: of hazer& 
ous waste employ technology and management practices for  The &e 
handling, treatment, rec>-cling, and destruction of their hazardous u ; a s a  
prior to disposal. 

(b) In order to assist the generators of hazardous waste in nee5ng the 
responsibility for the safe disposal of hazardous waste it is reces i ry  to 
establish the Hazardous Waste Management Council. 

(c) The Legislature further declares that in order to protee; thz pubk 
of this state and particularly the communities where hazardous ws:es 
are treated and disposed, it is essential to assure full compensation of all 
people injured or damaged by hazardous \Tastes. It is therefore necs- 
sary that the Hazardous Waste Management Council, created pilr.suEnt 
to Section 25206, make recommendaiions regarding a syst2.x of ins-ir- 
auce and mechanisms establishing liability to achieve this restrlt. 8s 
required by subdivision (e) of Section 1520E. 

(d) It is in the best interest of the health and safety of r k  people %if 
the State of California for the state to obtain and maintain e:i:horiza&m 
to administer a state hazardous wase program in lieu of :he federal 
program pursuant to Section 3006 of Public Law 94-580, as ar;.ended. <?e 
Resource Conservation and Recovery Act of 1976 (42 E.S.C. 6926, I. 
Therefore, it is the intent of the Legisiature that the director skill have 
those powers necessary to secure and maintain interim and F5.d eothori- 
ration for the state hazardous waste program pursuant to :?.e require- 
ments of Section 3006 of Public Law 94-5E0, the Resource C-mervadon 
and Recovery Act of 1976 (42 U.S.C. 6926), and to imp%e::t swh  
program in lieu of the federal program. 
(Added by Stats.1982, e. 89, S. 4, eff. March 2. 1982.) 

142 L'.S.C.A. § 69". 
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HBZARDOCS WASTE CONTROL 
Div. 20 

Historical Sote 
Former 3 25101, added by Stats.1972, c. Derir,ation: Former § 25101, added by - ̂ (. 

, 5  1'36, p. 1386. § 1, mended by Stats.1977, 
C. 1039. p. 31.(3, 5 2, relating to similar 
subject matter, was repealed by Stats.lSS2, 
e. 89, 5 3. e f t  Xarch 2, 1982. 

Stats.1972, c. 1236, p. 2388, § 1, amended 
by svats.i9li'i, c. 1039. p. 3143, 8 2, 

Notes of Decisions 
1. In general nances and regulations pertaining to the 

The Hazardous Waste Control Law processing, handling and disposal of hazard- 
(5 2S100 er seq.) which became operative on ous and extremely hasardous waste mate". 
July 1. 1973, preempts existing local ordi- 81s. 57 Ops.Att,-Len. 159, 44-74. 

2510.5. Enforcement authority of state and  local agencies 
No provision of this chapter shall limit the authority of any state or 

local agency in the enforcement or administration of any provision of law 
which it is specifically permitted or required to enforce and administer. 
(Formerly 5 25172, added by Stats.1972, e. 1236, p. 23% § 1, operative July 1. 
1973. Renumbered D 25105 and amended by Stats.1982, e. 89,§ 16, eff. &larch 2, 
1982.) 

Historical Note 

The 19B" amendment renumbered the see e .  . tion vithour change in the text. 

Notes of Decisions 
1. I n  general names and regulations pertaining to the 

 he Hazerdous Waste ~ ~ ~ t ~ ~ l  L ~ ~ .  processing, handling and disposal of hazard- 
, (§ 25100 e: jeq.) ,vhieh became on ous and extremely hazardous waste materi- 

July 1, 197.3, preempts existing local ordi. als. 57 Ops.Atc?,Gen. 1.59, 4-6-74. 

Article 2 

DEFINITIONS 
Section 
25110. Construction of chapter. 
2.5110..5. Business. 
2.5111. Department. 
25112. Director. 
2.5113. Disposal. 
25ll.L. Disposal site. 
2.5115. Extremely hazardous waste. 
2.5116. Handling. 
2511i. Hazardous waste. 
2.5117.3. Hazardous waste property. 
26lli.4: Border zone property. 
2,511i.5. Infectious waste; etiologic agent. 

356 

section 
'L,i 117.6. Wastewatt 
.'.;11i.E. Natural re 
?slli.IIT Offsite fa( 
"117.12. Onsite fac 
?,XIS. Person. 
?.;119. Processing 
- . ) ~ 2 0 .  Producer, 
?,-)El. Recycle. 
~,121.5. Retrograde 
251T2. Waste. 
?.?IT25 Recyclable 
2Sl2'2.6. Small quai 
2.5123. Storage. 
25YJ3.3. Storage fa I, -.1123..5. : Treatment. 
2.224. Repealed. 

Article 9 UY 
operative Jidy 

.,.- 

Hmardous substance Fa- 
and Tasation Code § 2 

KGX~S and Phrases (P 

§ 25110. Constri 
Unless the conte. 

govern the construc 
(Added by St.ats.1972, 

§ 25110.5. Busir 
''Business" mean 

commercial or prop, 
(Added by Stats.lS77, 

8 25111. Departr 
"Department" me 

(Added hy SFats.1972, 
Stats.1973, e. 14'2, p- 
Stats.1977. e. 1252, p. 



DEFINPTIOSS 
Ch. 6.5 

§ 25111 

Section 
25117.6. 
25117.8. Natural resources. 
2511’7.11. Offsite facility. 
2511’7.12. Onsite facility. 
25118. Person. 
25119. Processing. 
2.5120. Producer. 
25121. Recycle. 
25121.5. Retrograde material. 
25122. Waste. 
25122.5. Recyclable material. 
25122.6. Small quantity producer 
25123. ~ Storage. 
25123.3. Storage facility. 
25123.5. Treatment. 
25124. Repealed. 

Wastewater and wastewater sludges; properly treated not infectious. 

Article -7 was added by Stats.1972, e. 1236, p .  2388, 5 I, 
operative Jiclg 1, Ig7.3. 

Cruss References 

Hazardous substance tas, xoverned by definitions contained in this chapter, see Revenue 
and Taxation Code § 43002 

Library References 

Words and Phrases (Perm. Ed.) 

§ 25110. Construction of chapter 

govern the construction of this chapter. 
(Added by Stats.1972, c. 1236, p. 2385, 4 .l, operative July 1, 1973.) 

Unless the context indicates otherwise the definitions in this article 

5 25110.5. Business 

commercial or proprietary activity, 
(Added by Stats.lYi7, c. 1039, p. 3143, 5 2.5.) 

“Business” means the conduct of actirity and is not limited to a 

25111. Department 
“Department” means the State Department of Health Services. 

(Added by Stats.1972, c. 1236, p. 2358, § 1, operative July 1, 1973. Amended by 
Stats.1973, c. 142, p. 102, 4 42.7, eff. June 30, 1073, operative July 1, 1973; 
Stats.1977, e. 1222, p. 1422, § 311, operative Jill)- 1, 1978.) 
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,= 9 25111 IIBZARDOUS WASTE CONTROI, * -  Div. 20 
Historical h’ote 

The 1973 amendment substituted “State The 1977 amendment added the word 
a -..;.Fj. 

Department of Health’’ for “State Depart- 
ment of Public Health”. 

“Services”. 

8 25112. Director 
“Director” means the State Director of Health Services. 

(Added by Stats.1972, c. 1236, p. 2388, § 1, operative July 1, 1973. Amended by 
Stats.1973, e 142, p. 402, § 42.8, eff. June 30, 1973, operative July 1, 197J: 
Stats.1977, c. 1252, p. 4422, § 312, operative July 1, 1978.) 

Historical Sote 

The ..1973 amendment substituted “Di- 
rector of HealtW.’ for “Director of Public 
Health”. of Health”. 

8 25113. Disposal 

waste. 

The 1 9 i i  amendment substituted “State 
Director of Health Services” for “Director 

“Disposal” means to abandon, deposit, inter or otherwise discard 

(Added by Stats.1972, e. 1236, p. 2388, § 1, operative July 1, 1973. Amended by 
Stats.19i7, e. 1039, p. 3143, § 3.) 0 

Historical Note 

The 1977 amendment rewrote the section 
which as added read  

“ ‘Disposal’ means to abandon, deposit, 
inter or otherwise discard waste as a final 

8 25114. Disposal site 
“Disposal site” means the location where any final deposition of 

hazardous waste occurs. 
(Added by Stats.1972, e. 1236, p. 2388, 5 1, operative July 1, 1973. Amended by 
Stats.1977, e. 1039, p. 3143, 5 4.) 

action after their use has been achieved or a 
use is no longer intended.” 

Historical Note 

The 1977 amendment substituted. at  the 
end of the section “hazardous waste oe- 
curs.” for ”solid waste occurs.’’ 

8 25115. Extremely hazardous waste 
“Extremely hazardous waste” means any hazardous waste or misture 

of hazardous wastes which, if human exposure should occur, may likely 
result in death, disabling personal injury or serious illness caused by the 
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List of estremelj‘ hazar 

9 25116. Handli 
’-Handling” meal 

another, or pumpii 
waste, but does ni 
liecomes a waste. 
(hdr le t l  by Stats.1972, 
Stnts.1977, e. 1039, p 

The l 9 i i  amendment 
which had read  

”‘Handling’ means tl 
fer from one place to an 
of hazardous and ex 
1raste.- 

8 25117. Hazarc 
“Hazardous wast 

because of its quan 
characteristics may 

(a) Cause, o r  sigi 
increase in serious 

(b) Pose a substa 
ensironment when 
of, or others’ m e  m: 

Unless expressly 
shall be untlerstood 

Stats.19i‘i. c. 1039, 1 
(Added by Stats.1972, 



0 
DEFINITIOXS 3 25117 
Ch. 6.5 
hazardous waste or mixture of hazardous vrastes because of its quantity, 
concentration, or  chemical characteristics. 
(Added by Stats.lS'i'2, e. 1236, p. 2388, § 1, operative July 1, 1973. Amended by 
Stats.l97?, e. 1039, p. 3143, § 5.) 

,> . 

Historical Note 

The 1977 amendment substituted "serious during, or as a proximate result of, any 
illness caused by the hazardous waste or disposal of such vaste  or mixture of 
misture of hazardous wastes" for "illness waste". 

Administrative Code References 
List of extremely hazardous wastes, see 22 Cal.Adin.Code 60283 

8 25116. Handling 
"Handling" means the transporting or transferring from one place to 

another, or pumping, processing, storing, or packaging of hazardous 
waste, but does not include the handling of any- substance before it 
becomes a waste. 
(Added by Stats.lSi2, c. 1236, p. 2358, 5 1, operative July 1, 1973. Amended by 
Stats.1977, e. 1039, p. 3143, § 6; Stats.1950, e. 578, p. 3756, § 1.) 

Historical Xote 
. -  

The 1977 amendment rewrote the section 
vhich had read: 

"'Harldling' mean5 the transport trans- 
fer from one place to  anorher, or packaging 
of hazardous and extremely hazardous ty of the producer of the waste?. 

The 1960 amendment deleted, following 
the second use of the word "waste", the 
words "and does not include the storage of 
hazardous waste on the contiguous proper- 

! 

8. 

i waste." 

8 25117. Hazardous waste 
"Hazardous waste" means a waste, or combination of wastes, which 

because of its quantity, concentration, or physical, chemical, or infectious 
characteristics may either: 

(a) Cause, or significantly contribute to an increase in mortality or an 
increase in serious irreversible, or incapacitating reversible, illness. 

(b) Pose a substantial present o r  potential hazard to human health or 
environment when improperly treated, stored, transported, or .disposed 
of ,  or otherwise managed. 

Unless expressly provided otherwise, the term "hazardous waste" 
shall be understood to also include extremely hazardous waste. 
(Added by Stats.1972, c. 1236, p. 2388, § 1, operative July 1, 1973. Amended by 
Stats.11177, c. 1039. p. 3143, § 7; Stats.lOS2, e. 89, § 5 ,  eff. March 2, 19EZ.) 

g. c 

p. 
j 
8 
a -  

359 



§ 25117 HALARDOUS WASTE CONTROL 
Div. 20 

Historieal So te  

The 1977 amendment rewrote the section a prosimate result of any disposal Of such 
which had read: wastes or mixture of aastes. The term> 

material or mistlire of \Tastes which is tOS- and ‘strong sensitizer’ shall .be given the 
ic, corrosive, flammable, an irritant, a Same meaninp as in the California Hazarcl- 
strohg sensitizer. trhich generates pressure ouE. sobstances hct (Chapter 13 (commenc. through decomposition. heat or other ing section zs7ro) of Division 21):s 
means, if such u waste or mixture of waste! 
may cause substantia! personal injury. seri- The 1982 amendment added the kJSt para- 
ous illness or harm to rvildlife, during or as 

I‘ ‘Hazardous w s t e ’  means any w s t e  ‘toxic’, ‘corrosive’, ‘flammable’, ‘irritant’ 
, . .. 

graph. 

Cross References 

Discharge, 
Offense and civil Ikbility, see \Varer.Code 0 13%. 
Penalty for false report or withholding material information. see Water Code 3 13261. 
Without technicat or monitoring program reports. or giving false information, offense, 

Hazardous substances, highway spill containment and abatement, see Vehicle Code 5 2452. 
‘ see Water Code 4 13268. 

Administrative Code References 
List of hazardous ivastey, see 2‘2 Cal.Adm.Code 60181. 

5 25117.3. Hazardous waste property 
(a) “Hazardous waste property” means land which is either of the 

following: 
(1) Any hazardous waste facility or portion thereof, required to be 

permitted pursuant to this chapter, which has a permit for disposal from 
the department or has submitted an application for such a permit. 

(2) A portion of any land designated as  a hazardous waste property 
pursuant to Section 25229 where a significant disposal of hazardous 
waste has occurred on, under, or into the land resulting in a significant 
existing or potential hazard to present or future public health or safety. 

(b) “Hazardous waste property” does not mean residential land that 
has never received waste chemicals from an industrial, commercial, 
agricultural, research, or business activity. 
(Added by SVdts.1980, c. 1161, p. 3899, 5 1.) 

5 25117.4. Border zone property 
“Border zone property” means any property designated as border zone 

property pursuant to Section 2,5229 which is within 2,000 feet of a 
significant disposal of hazardous waste, and the wastes so Iocated are a 
significant existing or potential hazard to present or future public health 
or safety on the land in question. 
(Addcd by Stdts.l$SO. c.  1161, p. 5900, § 2.) 
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DEFISITIONS 5 25117.6 
Ch. 6.5 
§ 25117.5. Infectious waste; etiologic agent 

(a) “Infectious waste” means: 
(1) Laboratory wastes, including cultures of etiologic agents, which 

pose a substantial threat to health due to their volume and virulence. 
(2) Pathologic specimens, including human or animal tissues, blood 

elements, excreta, and secretions which contain etiologic agents, and 
attendant disposable fomites. 

(3) Surgical specimens, including human or animal parts and tissues 
removed surgically or a t  autopsy which conkdin etiologic agents, and 
attendant disposable fomites. 

(4) Equipment, instruments, utensils, and other disposable materials 
which are likely to transmit etiologic agents from the rooms of humans, 
or the enclosures of animals, which have been .isolated because of 
suspected or diagnosed communicable disease. 

(5) Human dialysis waste materials’including arterial lines and diary- 
zate membranes. 

(6) Carcasses of animals infected with etiologic agents which may 
present a substantial hazard to public health if improperly managed. 

(7) Any other material which, in the determination of the facility 
infection control staff, presents a significant danger of infection because 
it is contaminated with, or may reasonably be expectedto be contaminat- 
ed with, etiologic agents. 

(b) As used in this section, “etiologic agent” means a type of microor- 
ganism, helminth, or virus which causes, or significantly contributes to 
the cause of, increased morbidity or mortality of human beings. 
(Added by Stats.1982, e. 1060, § 2, eff. Sept. ‘15, 1982.) 

Historical Kate 
Former 5 26117.5, added by Stats.1917, e. 

1059, p. 3143. 5 8, defining “infectious”, 
\vas repealed by Stats.1982, e.  1060, § 1, 
eff. Sept. E, 1982. , 

8 35117.6. Wastewater and wastewater sludges; properly treated 

Wastewater and wastewater sludges which have been properly treated 
to comply with the regulations of the State Department of Health. 
Services and the regional water quality control boards shall not be 
considered infectious f o r  the purposes of Section 25117.5. 

Derivation: Former 5 25117.5, added by 
Stats.1977, e. 1039, p. 3143, 5 8. 

not infectious 

(Added by Stats.197’7, c, 1039, p. 3141, 5 8.1. Amended by Stats.1980, c. 6i6, p. 
1932, § 171.) 

408 Cel.Cods-13 36 1 
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825117.6 HAZARDOUS WASTE COSTROI, 

- Historical Note 

The 1980 amendment substituted ”State 
Department of Health Services” for “State 
Department of Health”. 

Div. Yo 

- *ir 
. .  § 25117.8. Natural resources 

“Natural resources” includes, but is not limited to, disposal site 
capacity and substances which are hazardous waste, or which are in 
hazardous waste, the reuse of which is technologically and economically 
feasible. 
(Added by Stats.1982, c. 89, § 6, eff .  Narch 2, 1982.) 

§ 25117.11. Offsite facility 

onsite facility.. 
(Added by Stats.1982, e. 1121, 5 2.) 

“Oifsite facility” means a hazardous waste facility that is not an 

Historical Note 

Section 1 of Stats.1982, c. 1121, prorides: 
“The Legislature finds that persons pro- 

ducing hazardous waste can be encouraged 
to reduce their production of that waste by 

§ 25117.12. Onsite facility 
“Onsite facility” means a hazardous waste facility a t  which a hazard- 

ous waste is produced and which is owned by, leased to, or under the 
control of, the producer of the waste. 
(Added by Stats.1982, c. 1121, § 3.) 

regulatory and financial incentives. The 
Legislature further finds and declares that 
the provisions of this act are intended to 
provide these needed incentives.” 

Historical Nate 

Leeislstive findines. declarations. and in- = ~ - ~ ~ ~  ~~~~~ 

tent~concerning Staiki982, cl 1121,‘see His- 
torical Sote  under 5 25117.11. 

§ 25118. Person 
“Person” means an individual, trust, firm, joint stock company, corpo- 

ration, including, but not limited to, a government corporation, partner- 
ship, and association. “Person” also includes any city, county, district, 
and the state or any department or agency thereof, and the federal 
government or any department or agency thereof to the extent permitted 
by law. 
(Added by Stats.1972, c. 1236, p. 2388, § 1, operative July 1, 1973. Amended bL‘ 
stats.1977, c. 1039, p. 3144, 9 9; Stats.1982, c. 1121, § 4.) 
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DEFINITIONS 
Ch. 6.5 

Historical Note 

§ 25121 

The 1977 amendment inserted the first 
sentence. 

The 1982 amendment substituted, in the 
first sentence, “including, but not limited 
to, a government corporation” for “(includ- 
ing a government corporationy; and re. 
wrote the second sentence which, as added 
in 1972, had read: 

“‘Person’ also includes any city, county, 
district, the state or any department or 
agency thereof.”. 

Legislative findings, declarations, and in. 
tent concerning, Stats.i98?. c. 1121, see His- 
torical && under 5 2511i.11. 

Cross References 
Statement regarding failure to recycle hazardous waste, issuance bs  entity listed in this 

section othw than an individual, see 5 25175. 

Notes of Decisions 

1. In general nances and regulations pertaining to the 
The Hazardous Waste Control Law processing, handling and disposal of hazard- 

(§ 25100 et  seq.) which became operative on ous and extremely hazardous waste materi- 
July 1, 1973, preempts existing local ordi- als. 5i 0ps.Atty.Gen. 159. 4474. 

8 25119. Processing 

(Added by Stats.1972, e. 1236, p. 2388, 5 1, operative July 1, 19i3. Amended by 
Stats.1977, c. 1039, p. 3144, 5 10; Stats.1980, e. 878, p. 2756, § 2.) 

“Processing” means treatment, as  defined in Section 25123.5. 

Historical h’ote 

The 1977 amendment deleted following 
the word “department” the words ”in con- 
junction with any other agency authorized 
to regulate or control hazardous waste.”. 

The 1980 amendment rewrote the section 
which as amended in 197‘7 had read 

9 25120. Producer 

(Added by Stats.1982, c. 496, 5 1, eff. July 12, 1982.) 

I‘ ‘Processing’ means to treat, detoxify, 
neutralize, incinerate, biodegrade, or other- 
wise process a hasardous waste to remove 
its harmful properties or characteristics for 
disposal in accordance with regulations es- 
tablished by the department.”. 

“Producer” means any person who generates a waste material. 

Historical Note 
Former 0 25120, added by Stats.1972, e. 

1236, p. 2368, 5 1, defining “processing fa- 

9 25121. Recycle 
“Recycle” means to redirect or utilize a hazardous xas te  or a sub- 

stance from a hazardous waste, and includes recovery of resources from 
a hazardous waste. 
(Added by Stats.1972, c.  1236, p. 2388, § 1, operative July 1, 19i3. Amended by 
Stats.1977, e. 1039. p. 3144, 9 11; Stats.1080, e .  876, p. 2756, § 4.) 

cility”, was repented by Stats.1960, e. 8 6 ,  
p. 2756, 0 3. 
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§ 25121 HAZARDOUS WASTE CONTROL 
Div. 20 

Historical Note 

As added in 1972, this section r ead  
“‘Recycle‘ means to process, alter, or 

otherrvise treat a hazardous waste for sub- 
sequent use.” livestock or wildlife.”. 

The 1977 amendment rewrote the Section 
to read: 

” ‘Recycle’ means to redirect or utilize a 
waste or substance from a waste in a man- 

ner that, in the judgment of the depart- 
ment, will not result in a substantial hazard 
to the health or safety of persons, domestic 

The 1980 amendment rewrote the section 
to read as it now appears. 

8 25121.5. Retrograde material 
“Retrograde material” means any hazardous material which is not to 

he used, sold, or distributed for use in an originally intended or pce- 
scribed manner or for an originally intended or prescribed purpose for 
any of the following reasons: 

(a) I t  has undergone chemical, biochemical, physical, or other changes. 
(b) I t  has exceeded a specified or recommended shelf life. 
(c) It is banned by law, regulation, ordinance, or decree. 
(d) It cannot be used for reasons of economics, health or safety, or 

(e) It is mislabeled or is not adequately labeled, or is otherwise not 

(f) It is packaged in deteriorated or damaged containers. 

environmental hazard. 

identified or identifiable. 

(Added by Stats.1980, c.  878, p. 2757, § 5.) 

§ 25122. Waste 
“Waste” means either of the following: 
(a) Any material for which no use or reuse is intended and which is t o  

(b) Any recyclable material. 
be discarded. 

(Added by Stats.1972, c. 1236, p. 2389, § 1. Amended by Stats.1980, c.  878, p. 
2167, § 6.) 

Historical Note 

The 1980 amendment rewrote the section 
which previously read 

‘Waste’ means any material for which 
no use or reuse is intended and which is to 
be discarded.”. 

Section 13 of Stah.1980, e. 878, p. 2769, 
provided: 

8 25122.5. Recyclable material 
(a) “Recyclable material” means any material that would be cpn- 

sidered a hazardous waste but for the Fact that both of the following 
conditions exist: 

364 

“The amendment of Section 261Z of the 
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DEFINITIOSS § 25122.6 

(1) Some use or reuse of such material may be intended and can be 

(2) Such material is either of the following: 
(A) A spent, contaminated, or used material, or a process effluent or 

residue, which has been transferred by the producer of such material, 
effluent, or residue to an unrelated or unaffiliated person for. both of the 
following purposes: 

Ch. 6.5 

demonstrated. 

(i) Recycling or treatment. 
(ii) Subsequent sale. 
(B) Any retrograde material that has not been used or reclaimed 

through treatment by the originai manufacturer or owner by the later of 
the following dates: 

(i) One year of the date when such material became a retrograde 
material. 

(ii) One year after return to the original manufacturer. 
(b) “Recyclable material” does not include any of the following: 
(1) A chemical intermediate. 
(2) A byproduct that in its existing state meets all of .the following 

(A) Has a commercial use. 
(B) 1s ordinarily used as a commodity in trade by the industrial or 

agricultural community. 
(C) The reclamation operation poses no significant hazard to  public 

health and safety, or to domestic livestock, wildlife, or the environment. 
(3) A material that is routinely reclaimed by a third party for reuse by 

the original manufacturer of the material. 
(4) A material that is routinely reclaimed by an original manufacturer 

of such material, provided the reclamation is only a portion of. such 
original manufacturer’s normal production of such material. 
(Added by Stats.1980, c. 878, p. 2757, § 7.) 

requirements: 

9 25122.6. Small quantity producer 

1,000 kilograms of hazardous waste in any, month. 
(Added by Stats.1982, c. 1121, § 5.) 

“Small quantity producer” means a person who produces less than 

Historical Note 

Legislative findings, declarations, and in- 
tent concerning Stats.1982, c. 1121, see His- 
torical Sote under § 25117.11, 
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§ 25123. Storage 
“Storage” means the containment of hazardous wastes, either on a 

temporary basis or for a period of years, in such a manner as not to 
constitute disposal or use of such hazardous waste. 
(Added by Stats.1977, e. 1039, p. 3144, § 12.) 

§ 25123 

§ 25123.3. Storage facility 
“Storage facility” means a hazardous waste facility a t  which hazard- 

ous waste is contained for periods greater than 96 hours at an offsite 
facility or for periods greater than 90 days a t  an onsite facility. 
(Added by Stats.1982, e. 1121, § 6.) 

Historical Note 

Legislative findings, declarations, and in- 
tent concerning Stats.1982, e. 1121, see His- 
torical Xote under 9 25117.11. 

8 25123.5. Treatment 
“Treatment” means any method, technique, or process which changes 

the physical, chemical, or biological character or  composition of any 
hazardous waste or any material contained therein, or removes or 
reduces its harmful properties or characteristics for any purpose. 
(Added by Stats.1980, e. 878, p. 2758, § 8.) 

8 25124. Repealed by Stats.1980, c. 878, p. 2758, § 9 

(I, . 

Historical Note 

The repealed section, added by Stdts. 
1977, e. 1039, p. 3141, 5 12.1, defined use. 

Article 3 

HAZARDOUS WASTE TECHNICAL ADVISOKY 
COMMITTEE 

Section 
25130. Establishment; consultation, advice and recommendations. 

. . .  

2.5131. Membership. 
25132. Reuresentation of oublic interest: financial interest, 
251.33. Cnhpensation; per diem and travel expenses 

Article 3 was added bg Stats.1972, c. 12.36, p .  2388, § 1, 
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8 25130. Establishment; consultation. advice and recommenda- 

The department shall establish a hazardous waste technical advisory 
committee to provide consultation to the department concerning matters 
covered by the chapter. The committee shall advise the department on 
the development of standards, rules, and regulations for hazardous 
waste management, and shall supply recommendations concerning meth- 
ods by which existing hazardous waste management practices and the 
laws regulating them may be supplemented and improved and their 
administration financed. 
(Added by Stats.1972, c. 1236, p. 2388, § 1, operative July 1, 1953.) 

tions 

8 25131. Membership 
The committee shall consist of seven members appointed by the 

director who shall be knowledgeable in hazardous waste management. 
The members shall insofar as possible represent the interests of the . 
public, local and regional government, agriculture, manufacturing indus- 
try, local health departments, and the waste management industry. 
(Added by Stats.1972, c. 1236, p. 2388, § 1, operative July 1, 19i3.) 

8 25132. Representation of public interest: financial interest 
At least two members of the committee shall represent the interests of 

the public and shall have no financial interest in any of the recommenda- 
tions or studies of the committee. Such financial interest shall include, 
but not be limited to, service as a consultant to any person specializing in 
waste disposal, as a tenant or landlord of property used for waste 
disposal, or as an attorney of a party with a direct financial interest in 
hazardous waste disposal. 
(Added by Stats.1972, c. 1236, p. 2385, 5 1, operative July 1, 19i3.) 

8 25133. Compensation; per diem and travel expenses 
Xembers of the hazardous waste technical advisory committee shall 

serve without compensation, but shall be entitled to per diem and 
reimbursement for travel expenses incurred as a result of official eom- 
mittee business. 
(Added by Stats.1972, c. 1236, p. 2388, 5 1, operative July 1, 19i3.) 

Article 4 

LISTINGS 
Section 
25140. Listing of wastes. 
25141. Identification of wastes; criteria and guidelines. 
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Section 
25142. Handling, storage, use, etc. of wastes prior to citation in list. 
25143. Waiver of provisions; geothermal wastes. 
25144. Effluent produced by biological process and discharged into navigable 

waters under federal permit; exemption; exception. 
25145. Construction of chapter; powers of state and regional boards. 
25145.4. Violations; Attorney General's authority to bring action.. 

Article 4 was added by Stats.1972,- c. 1236, p. 2388, § 1, 

w 

operative Julg 1, 1973. 

5 25140. Listing of wastes 
The department shall prepare, adopt and may revise when appropriate, 

a listing of the wastes which are determined to be hazardous,'and a 
listing of the wastes which are determined to be extremely hazardous. 
When identifying such wastes the department shall consider, but not be 
limited to, the immediate or persistent toxic effects to man and wildlife 
and the resistance to natural degradation or detoxification of the wastes. 
(Added by Stats.1972, c. 1236, p. 2358, § 1, operative July 1, 1973.) 

Library References 

Health and Environment 6=25,5. 90, SJ, 104. 110, 115 t o  126, 128, 129. 
132, 193, 135, 137 to 140, 142, 141 to 
153. 

, C.J.S. Health and Environment 55 61 to 
66, 69, 71 to 73, 78 to 80, 82 to 86, 88 to 

9 25141. Identification of wastes; criteria and. guidelines 
The department shall develop and adopt by regulation criteria and 

guidelines for the identification o f  hazardous wastes and extremely 
hazardous wastes. 
(Added by Stats.1977, e. 1039, p. 3145, § 13.) 

8 25142. Handling, storage, use, etc. of wastes prior to citation in 

Any waste which conforms to a criterion adopted pursuant to Section 
25141 shall be handled, stored, used, processed, and disposed of in 
accordance with permits, orders, and regulations issued or promulgated 
by the department pursuant to this chapter and building standards 
published in the State Building Standards Code relating to hazardous 
waste facilities, or recycled consistent with the list of hazardous wastes 
which the department, pursuant to Section 25175, finds are economically 
and technologically feasible to recycle, until such waste is cited in a list 
adopted by the department pursuant to Section 25140. 

list 

(Added by Stats.1977, c. 1039, p. 3145, § 14. Amended by Stats.1979, c. 1152, P. 
4310. § 189; Stats.1982. e. 89. § 7. eff. March 2. 1982.1 
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The 19i9 amendment deleted. following 
”Section 25141” the words “of this chap. 
ter”: and added following “chapter” the 
words “and building standards published in 
the State Building Standards Code relating 
to hazardous waste facilities”. 

The 1982 amendment substituted “regula- 
tions” for “requirements”: and inserted, 

8 25143. Waiver of provisions; geothermal wastes 
Pursuant to regulations adopted by the department, the provisions of 

this chapter may be waived by the department for any waste which the 
department determines is insignificant or  unimportant as a potential 
hazard to human health, domestic livestock, or wildlife or the handling, 
processing, or disposal of which is adequately regulated by another 
governmental agency. Any drilling for geothermal resources shall be 
exempt from the requirements of this chapter because the disposal of 
geothermal wastes is regulated by the regional water quality control 
boards. 
(Added by Stats.1977, c.  1039, p. 3145, 5 14.1. Amended by Stats.1978, e. 1270, 
p. 4123, § 2.) 

following “facilities” the words “or recycled 
consistent with the list of hazardous wastes 
whioh tlie.department, purssuant to Section 
25175, finda are econol,lica~~y and techno- 
logically feasible to recycle,”, 

Historical Sote 

The 1978 amendment added the second 
sentence. 

25144. Effluent produced by biological process and discharged 
into navigable waters under federal permit; exemption; 
exception 

A biological process on the property of the producer treating oil, its 
products, and water, and producing an effluent which is continuously 
discharged to navigable waters in compliance with a permit issued 
pursuant to Section 402 of the Federal Water Pollution Control Act (33 
U.S.C. 1342)’ shall be exempt from the provisions of this chapter. 
However, residues produced in the treatment process and subsequently 

t removed that conform to any criterion adopted pursuant to Section 25141 
of this code shall not be exempt. 
(Added by Stats.1977, e. 1039, p. 3145, 5 14.2.) 
I33 U.S.C.A. 3 1342. 

8 25145. Construction of chapter; powers of state and regional 

This chapter shall not be construed to limit, abridge, or supersede the 
powers or duties granted to the State Water Resources Control Board 
and each regional water quality control board by Division 7 (commencing 
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{vith Section 13000) and Division 7.5 (commencing with Section 14000) of 
the Water Code. - .& 
(Added by Stats.1977, e. 1039, p. 3145, § 14.3. Amended by Stats.1982, c. 89, 
5 7.5, eff. ;March 2, ,1982.) 

1 Repealed. 

i. 
Historical Note 

The 19E? amendment inserted the words 
“or supersede”. 

0 

8 25115.4. Violations; Attorney General’s authority to bring action 
No provision of this chapter, or any ruling of the department or 

director, shall be construed to  limit or .abridge thE power of the. Attorney 
Geneml, at  the request of the department or director, or upon his or her 
own motion, t6 bring an action in the name of the people of the State of 
California to enjoin any violation of the provisions of this chapter, seek 
necessary remedial action by any person who violates any of the provi- 
sions of this chapter, or seek civil and criminal penalties against any 
person who violates any of the provisions of this chapter. 
(Added by Stats.1982, c. 496, 5 2, eff. July 12, 1982.) 

Article 4.5 

STATE REGULATION OF EXISTING HAZARDOUS 
WASTE FACILITIES 

Section 
25146. Legislative finding and declaration. 
25146.5. Further legislative findings and declarations. 
25147. Intent not to preempt local land use regulation. 
25147.S. Construction of definitions. 
25148. Existing hazardous waste facility. 
25148.5. Solid waste. 
25149. Public notice and hearing; regulation of hnzardous waste .facilities. 
25149.1. City, county, or city and county which has issued conditional use 

permit; limitation on additional restriction; modification or revoca- 
tion of permit; procedure; application of section to existing facility. 

Examination and determination of significant existing or potential 
hazards; notice; hearing; costs; special accounts; action by local 
jurisdiction; stay of action upon building permit application; applica- 

25149.3, 

tion of section. 
25149.5. General law city or county; imposition and enforcement of license tax; 

limitation onamount. 
25149.6. Recommendation by local agency to  protect against hazards. 
23149.7. Construction of ar&le; right to maintain civil action. 

Article 4.5 xns added bg Stats.1381, c. 244, p .  12L7.5, § 3, e$ 
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8 25146. Legislative finding and declaration 
The Legislature finds and declares that the number of hazardous 

waste disposal facilities is decreasing in the face of increasing demand, 
and that under present circumstances and law, imbalance between sup- 
ply and demand is likely to  further increase in the foreseeable future. 
This problem is general in nature, and does and will continue to exist in 
urban, suburban, and rural areas. 
(Added by Stats.1981, c. 244, p. 1295, § 3, eff. July 21, 1981.) 

Library References 

Health and Environment +25.6(?, 6). 
G.J.S. Health and Environment S§ 91 et 

seq., 106 et seq.. 130, 131, 132. 

§ 25146.5, Further  legislative findings and declarations 
The Legislature further finds and declares that: 
(a) It is a matter of urgent public necessity and statewide concern that 

the number of existing hazardous waste facilities be retained to the 
extent feasible. 

(b) The availability of land suitable and capable of being developed as  
hazardous waste disposal sites is decreasing. 

(c) Any decrease in the number of existing hazardbus waste facilities 
increases the distance that it is necessary to transport hazardous waste 
in order to  properly dispose of it. 

(d) An increase in the distance which it is necessary to travel in order 
to properly dispose of hazardous waste encourages illegal disposal. 
(Added by Stats.1981, c. 244, p. 1295, § 3, eff. July 21, 1981.) 

8 25147. Intent not to  preempt local land use regulation 
Except as expressly provided in Section 25149, it is not the intent of 

this article to preempt local land use regulation of existing hazardous 
waste facilities. 
(Added by Stats.1981, c.  244, p. 1295, 5 3, eff. July 21, 1981.) 

8 25147.5. Construction of definitions 

only this article. 
(Added by Stats.1381, c. 244, p. 1295, 5 3, eff, July 21. 1981.) 

The definitions contained in this article shall govern the construction of 

25148. Existing hazardous waste facility 
(a) Except as  otherwise provided in subdivision (b), "existing hazard- 

ous waste facility" means a Class I disposal site, a s  defined in Section 
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2510 of Title 23 of the California Administrative Code on the effective 
date of this article, and which, in addition, is either: 

(1) A facility operating as of May 1, 1981, pursuant to a valid hazard- 
ous waste facility permit issued by the department pursuant ‘LO Secticjn 
25200. 

(2) A facility operating as of May 1, 1981, pursuant to a grant of 
interim status by the department pursuant to  Section 25200.5. 

(b) An “existing hazardous waste facility” does not include a facility 
which treats, disposes, stores, or recycles on the production site only 
hazardous wastes produced by the owner or lessee of such a facility. 
(Added by Stats.1981, e. 244, p. 1295, 5 3, eff. July 21, 1981.) 

@ §25148 

Cross References 

Zberg-Kapiloff Solid Waste Control Act of 1976, enforcement agency, see Government 
Code 5 66796. 

8 25148.5. Solid waste 
“Solid waste” means all putrescible and nonputrescible solid, semisolid, 

and liquid wastes, including garbage, trash, refuse, paper, rubbish, 
ashes, industrial wastes, demolition and construction wastes, abandoned 
vehicles and parts thereof, discarded home and industrial appliances, 
manure, vegetable or animal solid and semisolid wastes, and other 
discarded solid and semisolid wastes, but shall not include hazardous 

(Added by Stats.1981, c. 244, p. 1295, § 3, eff. July 21, 1981.) 
0 . waste as defined in Section 25117. 

Library References 

Health and Environment G.25.5(5), 
C.J.S Health and Environment §§ 91 et 

seq., 106 et  seq., 131. 

9 25149. Public notice and hearing; rebulation of hazardous waste 

Notwithstanding any provision of law to the contrary, except as 
provided in Section 25149.5 or 25181 of this code or Section 731 of the 
Code of Civil Procedure, no city, county, city and county, whether 
chartered or general law, or district may enact, issue, enforce, suspend, 
revoke, or modify any ordinance, regulation, law, license, or permit 
relating to .an existing hazardous waste facility so as to prohibit or 
unreasonably regulate the disposal, treatment, or recovery of resourczs 
from hazardous waste or a mix of hazardous and solid wastes at that 
facility, unless after public notice and hearing the director determines 
that the operation of the facility may present an imminent and subski?- 
tial endangerment to health and the environment. However, nothing in 
this section shall authorize an operator of that facility to violate any 
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term or condition of a local land use permit or any other provision of law 
not in conflict with this section. 
(Added by Stats.1981, e. 244, p. 1295, 5 3, eff. July 21, 1981,) 

8 25149.1. City, county, o r  city and county which has issued condi- 
tional use permit; limitation on additional restriction; 
modification o r  revocation of permit; procedure; ap- 
plication of section to  existing facility 

(a) No city, county, or  city and county, whether general law or 
chartered, which has issued a conditional use permit for a hazardous 
waste facility shall thereafter adopt an ordinance, rule, or regulation, or  
issue or amend any permit, which adoption, issuance, or amendment 
imposes additional restrictions on the types of hazardous waste which 
previously have been authorized to be accepted for disposal, treatment, 
or storage under the terms and conditions of any previously issued 
conditional use permit for that facility. 

(b) This section does not apply to a modification or revocation of a use 
permit which is necessary to enforce the terms and conditions of the use 
permit, or  to abate a nuisance, or to prevent an immediate threat to the 
public health or safety. Modification or revocation of an existing use 
permit may only occur after the city, county, or city and county orders 
the facility operator to abate the nuisance or correct the threat to the 
public health or safety, the facility operator has been afforded adequate 
opportunity to abate the nuisance or correct the threat to the public 
health or safety, and the facility operator has failed to comply with the 
enforcement or abatement order. 

(c) This section does not apply to an existing hazardous waste facility, 
as  defined in Section 25148. 
(Added by Stats.1982, e. 1357, § 1.) 

. ,  

Library References 

Health and Environment @25.5(5). 
C.J.S. Health and Environment 55 91 et 

seq., 10F et seq., 151. 

5 25149.3. Examination and determination of significant existing 
o r  potential hazards; notice; hearing; costs; special 
accounts; action by local jurisdiction; stay of action 
upon building permit application; application of sec- 
tion 

(a) Upon the request of any interested person, the department shall 
examine and determine whether or not the use of any property.for any 
one of the purposes set  forth in paragraph (1) of subdivision. (b) of 
Section 25232 constitutes a significant existing or potential hazard to 
present or future health or safety because of the proximity of the 
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property to an existing hazardous waste facility as defined in this article. 
If the department determines that a significant existing or potential 

ty, it shall give notice and hold a hearing. pursuant to Article 11 
(commencing with Section 25220). If the department determines that 
there is no significant existing or potential hazard to  present or future 
public health or safety on.the property, it shall so notify the person who 
requested the determination and the local jurisdiction. 

(b) AI1 costs incurred by the department pursuant to this section shall 
be borne by the person making the request. The authority conferred on 
the department, pursuant to this section, shall be in addition to its 
authority with respect to the regulation of hazardous waste property and 
border zone property. A special account administered by the department 
shall be established for each request made to the department for the 
examination and determination specified in subdivision (a). The depart- 
ment shall provide the requesting person an estimate of the amount of 
money which, would be necessary to accomplish the examination and 
determination by the department pursuant to that request. The estimat- 
ed amount, .which shall be paid to the department before the department 
undertakes any activity pursuant to subdivision (a), shall be deposited in 
the special account. Expenditures from this special account shall not be 
made in excess of the total amount of ,money in that special account at 
any time. Expenditures in.excess of the initial deposit may be made only 
when additional money is received from the requesting person and 
deposited into the account. 

Notwithstanding any other provision of law, the department may enter 
into contracts for any action taken, or to be taken, pursuant to subdivi- 
sion (a). These contracts do not require approval by the Department of 
General Services pursuant to Article 1 (commencing with Section 14780) 
of Chapter 6 '  of Part  5.5 of Division 3 of Title 2 of the Government 
Code. 

(c) A local jurisdiction shall not take any action with respect to the 
uses of land for any of those purposes, including, but not limited to, a 
general plan amendment, zoning change, or the imposition of conditions 
on. the use of property, which 1and.k subject to an existing zoning 
classification which permits the uses set  forth in paragraph (I) of 
Subdivision (b) of Section 25232 for which an examination and determina- 
tion has been requested pursuant to subdivision (a), solely on the basis of 
a health hazard due to the property's proximity to an existing hazardous 
waste facility, unless the department has made a determination, 'pursu- 
ant to subdivision (a), that those uses of the property constitute a 
significant existing or potential hazard to present o r  future public health 
or  safety. 

(d) No application for a building permit or for the use of property 
which is the subject of a request pursuant to subdivision (a) shall be 
acted upon pending a determination by the department, unless the permit 
or use is not for a purpose set  forth in paragraph (1) of subdivision (b) of 
Section 25232. 
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- The department shall act upon the request within 90 days. 
(e) This section shall not apply to any land or pyopertj which is more 

than one mile from a significant disposal of hazardous Ivaste within an 
existing hazardous waste facility, as defined in this article. 
(Added by Stats.1982, c. 496, § 3, eff. July 12, 1962.) 

. 

Repealed. 

8 25149.5. General law city or county; imposition and enforcement 
of license tax; limitation on amount 

A general law city or county may impose and enforce, for revenue 
purposes, a license tax on the operation of an existing hazardous waste 
facility; provided that, the license tax imposed shall not exceed 10 
percent of the annual gross receipts of the existing hazardous waste 
disposal facility. 
(Added by Stats.1961, e. 244, p. 1295, § 3, eff. July 21, 1961.) 

8 25149.6. Recommendation by loca1,agency to  protect against haz- 

A city, county, or city and county in which an existing hazardous waste 
facility is located may at any time recommend to the director any new or 
additional permit or interim status conditions as the local agency deems 
necessary to protect against hazards within its boundaries to the public 
health, domestic livestock, wildlife, or the environment. 
(Added by Stats.1951, c. 244, p. 1295, 5 3, eff. July 21, 1981.) 

ards 

8 25149.7. Construction of article; right to maintain civil action 
No provision of this article, or any ruling by the department or 

director, shall be construed as a limitation on the right of any person to 
maintain a civil action to enjoin or abate a nuisance pursuant to Section 
731 of the Code of Civil Procedure. 
(Added by Skats.1951, c. 244, p. 1295: 5 3, eff. July 21, 1981.) 

Article 5 

STANDARDS 
Section 
25150. 

2: h O . 1 .  - 
Adoption and revision of standards and regulations: consultation with 

agencies of interested local governments. 

testing of underground storage tanks for storage of hazardous 
Regulation of construction, operation, maintenance, monitoring, and 

wastes. 
25150.5. Time for adoption of standards and regulations. 
25151. Variance; factors considered. 
25152. Public hearings. 
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Section 
2513. 
25164. 

25155. 

25156, 

Disposal of extremely hazardous waste; notice to department. 
Unlawful handling, storage, use, processing or disposal of hazardous 

Disposal of extremely hazardous waste; removal of harmful properties 

Hazardous waste disoosal land use: reeulations and standards: recom- 

" ","A* waste. 

or as specified by regulations. 
I 

mendations. 
25167. Treatment of extremelv hazardous waste at site of vroduction orior to 

transportation; disposal of hazardous waste at site of proauction. 
25137.3. Emergency regulations for management of infectious waste as hazard- 

ous waste. 

operative July 1, 1973. 
Article 5 was added bg Stats.l.972, c. 1236, p .  2388, § 1, 

8 25150. Adoption and revision of standards and regulations; con- 
sultation with agencies of interested local governments 

(a) .Except as provided in .Section 18930, the department shall adopt, 
and revise when appropriate, standards and regulations for the handling, 
processing, use, storage, and disposal of hazardous wastes to protect 
against hazards to the public health, to domestic livestock, to wildlife, or 
to the environment. 

(b) The department shall apply the standards and regulations adopted 
pursuant to subdivision (a) to the use and operation of facilities for 

' handling, treating, storing and disposing of hazardous waste and, except 
as provided in Section 18930, may adopt, and revise when appropriate, 
additional standards and regulations for the use and operation of such 
facilities to protect against hazards to  public health, domestic livestock, 
wildlife, or the environment posed by such facilities. 

( c )  The department shall adopt, and revise when appropriate, regula- 
tions .for the recycling of hazardous waste to protect against hazards to 
the public health, domestic livestock, wildlife, or to the environment and 
to encourage the best use of natural resources. 

(d) The department shall adopt and submit building standards relating 
to hazardous waste facilities for approval pursuant to Chapter 4 (com- 
mencing with Section 18935) of Part 2.5 of Division 13 of this code for 
the purposes described in this section. 

(e) Before preparation of such building standards or adoption of such 
other regulations, the department shall consult with all agencies of 
interested local governments, including, but not limited to, local govern- 
ing bodies, local planning agencies,. local health authorities, and local 
building inspection departments, and secure technical assistance from 
the Department of Food and Agriculture, the Department of the Califor- 
nia Highway Patrol, the Department of Fish and Game, the Department 
of Industrial Relations, the Division of Industrial Safety, the State Air 
Resources Board, the State Water Resources Control Board, the State 
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Fire Marshal, regional water quality control boards, the State Building 
Standards Commission, and the State Solid Waste Nanagement Board. 
(Added bv Stats.1972. c. 1236. D. 2368. § 1. onerative Ju lv  1. 1973. Amended bv 
S t a t s . l g ~ ,  e. 545, p. im, 5 $5; ~tats.197?, i. 1039, i. 3i45: 3 16; Stats.1978, f. 
139i. a. 4622. 8 11: Stats.1979. e. 1152. D. 4311. 5 190: Stats.1982. c. 89, § S:eff. .. 

Historical tiote 

.As added in 1972 the section read: 
“The department shall adopt, and may 

revise when, appropriate, minimum stan- 
dards and r e d a t i o n s  for the handlinc. aro- 

against hazards to the public health, to 
domestic livestock, and to wildlife. Before 
adoption of such standards and regulations 
the department shall consult with all agen- 
cies of interested local governments and 
secure technical assistance from the De- 
pIIrtment of Agriculture, the Department of 
the California Highway Patrol, the Depart- 
ment of Fish and Geme, the Department of 
Industrial Relations, Division of Industrial 
Safety, the State Air Resources Board, the 
State Water Resources Control Board and 
the State Fire Marshal.”. 

The 1974 amendment substituted “De- 
partment of Food and Agriculture” for “De- 
partment of Agriculture”. 

The 1977 amendment rewrote the section 
to  read: 

“The department shall adopt, and may 
revise when appropriate, minimum stan- 
dards and regulations for the handling, pro- 
cessing, use, storage, and disposal of, and 
the recovery of resources from, hazardous 
and extremely hazardous wastes to protect 
against hazards to the public health, to 
domestic livestock, or to wildlife, 

“The department shall establish stan- 
dardu and requirements for the use and 
operation of facilities for handling, process- 
inK, storing, and disposal of hazardous 
w s t e ,  and .for the recovery of resources 
from hazardous waste. 

“Before adoption of such standards and 
reKiilations the department shall consult 
with all agencies of interested local govern- 
ments and secure technical assistance from 
the Department of Food and Agriculture, 
the Department of the California Highway 
Patiol, the Department of Fish and Game, 
the Department of Industrial Relations, Di- 
vision of Industriid Safety, the State Air 
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Resources Board. the State Water Re- 
sources Control Board, the State Fire Xar- 
shal, regional water quality control boards, 
and the State Solid Waste hlanagement 
Board.”. 

The 1978 amendment substituted, at  the 
end of the first paragraph [nor  subd. (a)]. 
“to wildlife, or the environment” for “or to 
wildlife”. 

The 1979 amendment added the exception 
relating to [i IS930 to the first paragraph 
[now subd. (a)]; added the exception relat- 
ing to 5 18990 to the second paragraph; 
added the third paragraph [now subd. (b) 1; 
and in the last paragraph [noa- subd. (e)], 
substituted “Before preparation of such 
building standards oc adoption of such oth- 
er  regulations” for “Before adoption of 
such standards and regulations” and added, 
to the end of that paragraph, “the State 
Euilding Standards Commission”. 

The 1982 amendment rewrote the first 
paragraph which previously read 

“Except as provided in Section 18930, the 
department shall adopt and may revise 
when appropriate. minimum standards and 
regulations for rhe handling, processing, 
use, storage, and disposal of, and the recov- 
ery of resources from, hazardous and ex- 
tremely hazardous wastes to protect 
against hazard to the public health, to 
domestic livestock, to wildlife, or the envi- 
ronment.”; designsred the former first 
paragraph as subd. (a); added subds. (b) 
and (c); deleted the former second para- 
graph which hdd rend: 

“Exccpt as pro~idt.d in Section 18DJO. the 
dcpxtment shall t d A i s h  stmdards and 
requirements for the use and operation of 
facilities for handling, processinp, storing, 
and disposal of harardous waste, and far 
the recovery of resources from hazardous 
waste.”; designated the former third para- 
graph as w b d .  (d); desiznated the former 
last p;iragraph as subd. (e); and inserted in 
subd. (e) following “local governments”, the 
words “including, but not h i r e d  to, local 
governing bodies, local planning agencies, 
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.'.T *. . ,  local health authorities. and local building 
inspection departments,". ;;.?; 

..+ 
.+&& 

<A,%, 

-1% ,' I 

I ,. ._ 
ijci. 

Cross References 

Department or officers authorized to enforce standards and regulations adopted pursuant 
L i + >  
...? <'4+$ 

Library References ':g@ 

to this section, see § 25180. 

.-r 
+f  
.$+ ,:..+ 

&.% ,.+.. ,323 

.I . . 
Health and Environment -26.5. 
C.J.S. Health and Environment §§ 61 to 

66, 69, 'il  to  i 3 .  78 to SO, 82 to 86,SS to 

90. 9.1, 10-1, 110.. 115 to 126, Y28, 129, 
132* 133, 135, 137 to 140, 142, 144 to  
l5X 

. . __.. ':xz 
Nates of Decisions 2"&. 

1. In general nances and regulations pertaining to the . .. 
e. *,> 
i- , , 
.i 

I. L .__ 
.. 
.i 

The Hazardous Waste Control Law processing, handling and disposal of hazard- 
ous and estremel1,hazardous waste materi- 
als. 57 0ps;ltty.Gen. 159, 4-4-14. 

(5 25100 et  seq.) rrhich became operative on 
July 1, 1973, preempts existing local ordi- - 

&>& : 
..l .. 

@ 25150.1. Regulation of construction, operation, maintenance, 
monitoring, and testing of underground storage tanks 
for storage of hazardous wastes 

The requirements in Sections 25284 and 25284.1 apply to the construc- 
tion, operation, maintenance, monitoring, and testing of underground 
storage tanks, as defined in subdivision (m) of Section 25280, which are 
required to obtain hazardous waste facilities permits from.the depart- 
ment. The department shall adopt regulations implementing the require- 
ments of Sections 25284 and 25284.1, for regulating the construction, 
operation, maintenance, monitoring, and testing of underground storage 
tanks used for the storage of hazardous wastes which standards and 
regulations are necessary to protect against hazards to the public health, 
to domestic livestock, to wildlife, or to the environment. The regulations 
department shall adopt the regulations by Januarx 1, 1985. If the 
regulations are not adopted by that date, the regulations adopted by the 
hoard implementing Section 25284.1 shall be deemed to  be the regula- 
tions of the department pursuant to this section until new regulations 
are adopted by the department pursuant to this section. 
(Added by Stats.1963, c. 1046, § 2.) 

0 . . 

Historical hbte 

Legislative findings and declarations of 
Stats.1883, e. 1046, see note under § 25280. 

L "  

'. i . _.,. .. , ~. . 

- 
. .  . .  

... . _  
.. . .  . -. 
I 

§ 25150.5. Time for  adoption of standards and regulations 
The department shall adopt all standards and regulations required to 

be adopted by any provision of this chapter, and shall revise any 
slandard or regulation required to be revised by the act which enacted 
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- this section during the 1981 portion of the 1981-1982 Regular Session of 

0 
. Ch. 6.5 

- the Legislature, on or before January 1, 1983. 
(Added by Stats.1952, c. 89, § 8.5, eff, March 2, 1982.) - 

§ 25151. Variances; factors considered 
The department may adopt varying regulations pursuant to Section 

26150, other than building standards for different areas of the state 
depending on population density, climate, geology, types and volumes of 
hazardous waste generated in the area, types of waste treatment tech- 
nology available in the area, and other factors relevant to hazardous 
waste handling, processing, storing, recycling, and disposal. 
(Added by  Stats.1972, e.  1236, p. 2388, 5 1, operative Ju ly  1, 1973. Amended by 
Stats.1979, c. 1162, p. 4311, 5 191; Stats.1982, c. 59, § 9, eff, March 2, 1982.) 

Historical Note 

The 1979 amendment substituted “vary- om”, “types and volumes of hazardous 
ing requirements other than building stan- waste generated in the area, types of waste 
dards” for “varying standards”, treatment technology available in the 

The 1982 amendment substituted “vary- area,”; and substituted at  the end of the 
ing regulations pursuant to Section 25150, section “hazardous Waste handling, process- 
other than building standards” for “varying ing, storing, recycling. and dispoadl.” for 
requirements other than buildinr stan- “hazardous waste processing and dispos- 
dards”; inserted, following thc wora “geol- al.“. g 

Notes of Decisions 

1. In general names and regulations pertaining t o  the 
The Hazardous Waste Control ~ a w  processing, handling and disposal of hazard- 

(§ 2.5100 e t  seq.) which became operative on ous and extremely htizdrdous waste materi- 
July 1. 1973, preempts existing local ordi- als. 51 0ps.Atty.Gen. 159, 4-4-74. 

9 25152. Public hearings 
Before adopting building standards or adopting or revising .other 

standards and regulations for the handling, processing, storing, use, 
recycling, and disposal of hazardous and extremely hazardous wastes, 
the department shall hold at least one public hearing in Sacramento, or in 
a city within the area of the state to be affected by the proposed 
regulations. Except as  provided in Section 18930, the department shall 
adopt the proposed regulations after making changes or additions that 
are appropriate in view of the evidence and testimony presented at  the 
public hearing or hearings. 
(Added by Stats.1972, e. 1236, p. 2388, 5 1, operative Ju ly  1, 1973. Amended b y  
Stats.1977, c. 1039, p. 3146, 5 16; Stats.1879, c. 1152, p. 4311, 5 192; Skats.lSS2, 
e. 89, § 10, eff. March 2, 1982.) 
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: -  Historical Note - 
The 1917 amendment, preceding the adopting”; and added the exception at  the 

The 198, anlendment substituted the in- 
: I  words ”the department”, substituted “Be- 

fore adopting or revising minimum stan- 

cessing, storing, uses, and the disposal of, 
ous and hazardous for amended in 19i9 which had read: 
“Before adopting or revising minimum stan- “Before adopting building standards or 
dards and regulations for the handling, pro- adopting or revising other minimum stan- 
cessing, and disposal of hazardous and ex- dards and regulations for the handling, pro. 
tremelv hazardous wastes,”. cessing, storing, uses, and dispo.nal of and 

The 19i9 amendment inserted in the in- the recovery of resources from, hazardous 
troduetion the words “building standards or . and extremely hazardous wastes,”. 

beginning of the second sentence.. i ~- 
d a d s  and regulations for the handling. pro- preceding the words 
and the of from, hazard. “the department” for the provisions as last 

troduetory 

Notes of Decisions 

I. In  general nances and regulations pertaining to the 
The Hazardous Waste Control Law processing, handling and disposal of hazard- 

(§ 25100 et seq:) which became operative on ous and extremely hazardous waste materi- 
July 1, 1973, preempts existing local ordi. als. Si 0ps.Atty.Gen. 159, 4-4-74. 

8 25153. Disposal of extremely hazardous waste; notice to  depart- 

Any person who i s  producing a material which he OP she knows, or 
should know, or may reasonably consider, to be an. extremely hazardous 
yaste,  and which he or she does not intend to recycle for reuse and 
intends to dispose of, shall notify the department of his or her intent to 
dispose of that material. The notification shall be sworn to or submitted 
under penalty of perjury. 

ment 

. 

(Added by Stats.19i2, c. 1236, p. 2388, § 1, operative July 1, 1953. Amended by 
Stats.1977, e. 1039, p. 3146, § 17; Stats.1982, e. 496, 5 4, eff. July 12, 1982.) 

Historieal Note 

The 1BiI amendment rewrote the sectiun The 1082 amendment substituted ”pro. 
ducing a material which he or she knows, or which, as added. had read: 

”Any person who is producing a waste 
material which he may reasonably consider 
to be an extremely hazardous waste, and 
which he does not intend to recycle for 
reuse and intends to dispose of as waste, 
shall notifr the denartment of his intent to 

should know, or may reasonably consider,” 
for “producin,R a material which he n13? 
reasonably consider”: neutralized gender 
throughout the rest of the first sentence: 
substituted a t  the end of the first sentence 
”that material” for “material”; and added 

dispose of such waste material.”. 

8 25154. Unlawful handling, storage, use, processing o r  disposal of 

I t  shall be unlawful for any person to handle, store, use, process, Or 
dispose of any hazardous waste or extremely hazardous waste except as 
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provided for in this chapter or regulations adopted by the department 
piirsuant to  this chapter. . 
(Added by Stats.lSi2, e. 1236 p. 2386, 5 1, operative July-1, 1973. Amended by 

' StatsJ977, e. 1039, p. 3146, § 18; Stats.1982, e. 89, § 10.5, eff. March 2, 1982.) 

Historical Note 

The 1977 amendment rewrote the section The 1982 ameedment substituted "haz- 
which. a s  added, had read ardous waste or extremely hazardous 

"After the effective date of the regula- waste" for "hazardous or extremely hazard- 
tions adopted by the department pursuant ous waste"; and substituted "this chapter 
to this article, it shall be unlawful far any or regulations'* for +egulations". 
person to dispose of any hazardous or ex- 
tremely hazardous waste except as provided 
for in such regulstians.". 

8 25155. Disposal of extremely hazardous waste: removal of harm- 
ful properties o r  as specified by regulations 

KO extremely hazardous waste may be disposed of without prior 
processing to remove its harmful properties or as  specified by the 
regulations of the department for the handling and disposal of the 
particular extremely hazardous waste. 
(Added by Srats.1972, e. 1236, p. 2388, 5 1, operative July 1, 1973. Amended by 
Stats.1974, c. 545, p. 1292, 5 80; Stats.1977, c. 1039, p. 3146, § 19.) 

Historical S o t e  

The 1974 amendment deleted from the 
beginning of the section the words "After 
January 1, 1974". 

The 1977 amendment deleted following 
the first use of the words "hazardous 

3 25156. 

waste", the words "tis listed by the depart- 
ment pursuant to Section 25140". 

Hazardous waste disposal land use; regulations and stan- 

The department shall develop and adopt regulations and standards to 
implement the provisions of  Article 11 (commencing with Section 25220). 
The department shall seek recommendations of the hazardous waste 
technical advisory committee on wording of proposed regulations. 
(Added by Stats.1980, e. 1161, p. 3900, § 3.) 

dards; recommendations 

Cross References 

Costs incurred, payment from Haaardous Waste Control Account, see § 26230. 

Library References 

Health and Environment -20. C.J.S. Health and Environment 50 2 to 6. 
44 to 47, 62 to 6.1, 106, 126, 128, 130, 
182, 1s7. 
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8 25157. Treatment of extremely hazardous waste at  site of produc- 
tion prior to transportation; disposal of hazardous 
waste at  site of production 

Regulations adopted pursuant to this chapter may require the treat- 
ment of extremely hazardous waste a t  the site of production prior to any 
transportation, if the director determines that treatment is necessary to 
provide safe transportation of the extremely hazardous waste. No 
provision of this chapter shall be construed to require disposal of 
hazard& waste at the site of production, provided, that the transporta- 
tion of the extremely hazardous waste conforms to all applicable regula- 
tions. 
(Added by Stats.1982, c. 89, 5 11, eff. March 2, 1982.) 

Historiedl Note 

Article 5.5 '1 
2, 1982. 

5 25159. Admi 
gra 

To the extent au 
and revise when 
receive and mainta 
program in lieu o 
Public Law 94-580 

Derivation: Former § 28171,' added by 
Stats.1972, c. 1236, p. 2388, 5 1. 

Administrative Code References 
Disposal on land, see 22 CalAdm. Code 60237. 

9 25157.3. Emergency regulations for  management of infectious 

The state department shall adopt and develop emergency regulations 
for the management of infectious waste as hazardous waste within 90 
days after the effective date of this section. The regulations shall be 
deemed to be necessary for the immediate preservation of the public 
peace, health, safety, or general welfare. 
(Added by Stats.1982, c. 1060, 5 3, eff. Sept. 15, 1982.) 

waste as hazardous waste a 
i 

Library References 

Health and Environment -23. 
C.J.S. Health and Environment §§ 18 to 

21. 

Article 5.5 
COORDINATION WITH FEDERAL ACTS 

Section 
25159. Administration of state program in lieu of federal program; regula- 

tions. 

corresponding federal regulations. 
25159.5. Adoption or revision of standards and regulations: conformance with 

25159.6. Standards and regulations applicable until adoption of others by the 
department. 

federal law. 
25159.7. Implementation of management responsibilities and regulations from 
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Health and Environm 
C.J.S. Health and Er 

seq., 106 et seq., 1: 
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COORDI?iATION WITH FEDERAL ACTS S 25159.6 
Ch. 6.3 
Section 
25159.8. Trade secret information. 
25159.9. Sharing of information between deuartment and federal enviyonmental 

protection agency. 

Article 5.5 was added by Stnts.1982, c. 89, § 125, e# March 
2, 1982. 

8 25159. Administration of state program in lieu of federal pro- 

To the extent authorized by Section 25145, the department shall adopt 
and revise when necessary regulations which will allow the state to 
receive and maintain authorization to administer a state hazardous waste 
program in lieu of the federal program pursuant to Section 3006 of 
Public Law 94-380, as amended (42 U.S.C. 6926)‘. 
(Added by Stats.1962, e. 89, § 12.5, eff. March 2, 1982.) 

gram: regulations 

14’2 U.S.C.A. 5 69’6. 

Library References 

Health and Environment ~25.6(5) .  
C.J.S. Health and Environment 55 91 e t  

seq., 106 e t  seq., 131. 

8 25159.5. Adoption o r  revision of standards and regulations; con- 

In adopting or revising standards and regulations pursuant to  this 
chapter, the department shall, insofar as practicable, make such stan- 
dards and regulations conform with corresponding regulations adopted 
by the United States Environmental Protection Agency pursuant to 
Public Law 94-580, as  amended (the Resource Conservation and Recov- 
ery Act of 1976, 42 U.S.C. 6901 et seq.)’. Nothing in this section shall 
preclude the department from adopting standards and regulations which 
are more stringent or more extensive than federal regulations. 
(Added by Stats.1982, c. 89, 5 12.5, eff. March 2, 1982.) 

formance with corresponding federal regulations 

‘412 U.S.C.A. 5 6901 et  seq. 

8 25159.6. Standards and regulations applicable until adoption of 

Until such time as the department adopts standards and regulations 
corresponding to and equivalent to, or more stringent or extensive than, 
regulations adopted by the United States Environmental Protection 
Agency pursuant to Sections 3002, 3003, 3004, 3005 and 3006 of Public 
Law 94-380, as amended,’ the following shall apply: 

(a) Any person who produces a waste which is a hazardous waste as 
defined by Section 25117 shall comply with this chapter and regulations 
adopted thereunder and, in addition, to the extent that the waste is both 
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hazardous as defined by regulations adopted pursuant to Section SO01 of 
the Resource Conservation and Recovery Act, as  amended (P.L. 94-580)' 
and has not been excluded from regulation pursuant to that section, the 
person shall also comply with federal regulations adopted pursuant to 
Section 3002 of that federal act. 

(b) Any person who transports a waste which is a hazardous waste as 
defined by Section 25117 shall comply with this chapter and regulations 
adopted thereunder and, in addition, to the extent that such waste is both 
hazardous as defined by regulations adopted pursuant to Section 3001 of 
the Resource Conservation and Recovery Act, as amended (P.L. 94-580), 
and has not been excluded from regulation pursuant to that section, the 
person shall also comply with federal regulations adopted pursuant to 
Section 3003 of that act. 

(c) Any person who owns or operates a hazardous waste facility shall 
comply with this chapter and regulations adopted thereunder and, in 
addition, to the extent that the facility is defined as a hazardous waste 
facility in regulations adopted under the Resource Conservation and 
Recovery Act, as  amended (P.L. 94-580), and to the extent that the waste 
is both hazardous as defined by regulations adopted pursuant to Section 
3001 of that act and has not been excluded from regulation pursuant to 
that section, such person shall also comply with federal regulations 
adopted pursuant to Sections 3004 and 3005 of that  act. 
(Added by Stats.1982, e. 89, § 12.5, eff. March 2, 1982.) 

' 42  U.S.C.A. §$ 6922, 6923, 6924, 6925, 6926. 
$42 U.S.C.A. § 6921. 

, 

8 25159.7. Implementation of management responsibilities and reg- 

Except as otherwise authorized, the Department of Health Services is 
authorized to carry out all hazardous waste management responsibilities 
imposed or authorized by Public Law 94-580, as amended,' Public Law 
96-510 (the Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980), and subsequent amendments, and any regulations 
promulgated pursuant to these federal acts. 
(Added by Stats.1982. c. 89, § 12.5, eff. Mailarch 2, 1982.) 

ulations from federal law 

' 4 2  C.S.C.A. § 6901 et  req. 

8 25159.8. Trade secret information 
Kothing in this chapter shall be construed as prohibiting the furnish- 

ing of trade secret information to the federal Environmental Protection 
Agency to  the extent required by law to obtain and maintain interim and 
final authorization to implement the state hazardous waste program in 
lieu of the federal program under the Resource Conservation and Recov- 
ery Act of 1976, P.L. 94-580, as amended (42 USC 6901 et seq.)'. If the 
department has received a written claim that particular information 
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§ 25160 
- furnished to the EPA is trade secret information, the department shall so 

inform the EPA. 
(Added by Stats.1982, e.  89, 5 12.5, eff. &Parch 2, 1982.) 
I42 U.S.C.A. 0 6901 et seq. 

8 25159.9. Sharing of information between department and federal 

Notwithstanding any other provision of law, the department may make 
available to the federal Environmental Protection Agency any and all 
information required by law to be furnished to such agency pursuant to 
the Resource Conservation and Recovery Act of 1976, P.L. 91580, as  
amended (42 USC 6901 e t  seq.) ' in order to obtain and maintain interim 
and Pinal authorization to administer the state hazardous waste program 
in lieu of the federal program. The sharing of information between the 
department and the EPA pursuant to this section shall not constitute a 
waiver by the department or any affected person of any privilege or 
confidentiality of such information provided by law. 
(Added by Stats.1982, c.  89, 2 12.5, eff. Narch 2, 1982.) 

environmental protection agency 

142 U.S.C..4. 5 6901 et  seq. 

Article 6 
TRANSPORTATION 

Section 
26160. 
25161. Rules and regulations. 
25162. Documents satisfying requirements. 
25163. . Registration; exemptions; inspection. 
26163.1. Registration: uersons not in business of hauling hazardous wastes or 

List furnished carrier or handler; required contents; surrender. 

- 
not incidental to any business. 

26165. 
25166. Fees. 
26167. Payment of fees. 

Application for registration; form; fees; filing; contents; signature. 

Article 6 was added by Stats.1972, c. 1236, p. 2388, § 1, 
operative July 1, 1973. 

8 25160. List furnished carrier or handler; required contents; sur- 

The person producing a hazardous waste shall provide the driver of 
any truck, a crew member of any train, or the captain of any vessel 
carrying such hazardous wastes with a list setting forth: (a) the hazard- 
ous wastes carried, (b) the amount of the waste, (e) the general chemical 
and mineral composition of the waste listed by probable maximum and 
minimum percentages, and (d) the origin and destination of the waste 
carried. The list, when amrouriate, shall include information on anti- 
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dotes, first aid, or safety measures to be taken in case of accidental 
contact with the particular hdzardoUs waste being carried. The person 
carrying, or handling the hazardous waste shall have the list in his 
possession while carrying or handling the hazardous waste and shall 
release the list to a person responsible for disposal of the hazardous 
waste at the time of delivery. The list shall be shown upon demand to 
any department official, officer of the California Highway Patrol, any 
local health officer, or any local public officer as designated by the 
director. 
(Added by Stats.1972, e. 1236, p. 2388, § 1, operative July 1, 1973. Amended by 
Stats.1977, e. 1039, p. 3146, § 20; Stats.1982, c. 496, § 5, eff. July 12, 1982.) 

J 

Historical Note 

The 1977 amendment substituted, a t  the (d) the origin and destination of the waste 
beginning of the section, "The person pro- carried." for "the hazardous wastes carried, 
ducing a hazardous waste shall provide the the amount of such waste, the general 
driver" for "After January 1, 19i4, the per- chemical and mineral composition of such 
son producing a hazardous waste listed by waste listed by probable maximum and min- 
the department pursuant to Section 25140 imum percentages, and the origin and d&;. 
shall provide the driver"; and added in the nation of any such carried;8; substi. last sentence the words "any local health tuted, at beginning of the second sen- officer". tence, "The list, when appropriate, shall in- The 1982 amendment substituted, as the clude information on antidotes,, for ,,such ending for the first sentence, "(a) the hdz- 

of the list. when appropriate may include informa- 
' w.aSte, the genera] chemical and mineral tion on antidotes,": and substituted, a t  the 

composition of the waste listed by probable beginning of the last sentence, "The list'' 
maximum and minimum percentages, and for "Such list". 

waste carried, (b) the 

Cross References 

Department and officers authorized to enforce this section, see 5 26180. 
Possession of list, exemption, see 5 25163. 
Punishment for carrying or handling hazardous waste without driver's possession of list 

specified in this section, see § 25191. 

Library References 

Health and Environment C=25.5. 
C.J.S. Health and Environment 55 61 to 

66, 69, 71 to 73,78 to 80,82 to 86, 88 to 

90, 94, 104, 110, 115 to 126, 128, 129, 
132, 133, 135, 137 to 140. 142, 144 to 
153. 

5 25161. Rules and regulations 
The department shall adopt and enforce all rules and regulations, 

including the form and content of the list, necessary and appropriate to 
accomplish the purposes of Section 25160. 
(Added by Stats.1972, e. 1236, p. 2388, § 1, operative July 1. 1973.) 
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.Ch. 6.5 

§ 25162. Documents satisfying requirements 
Documents required by other agencies of the state or  the federal 

government which describe the character and amount of hazardous 
wastes being carried shall satisfy the requirement of Section 25160. 
(Added by Stats.1972, c. 1236, p. 2388, § 1, operative July 1, 1973.) 

t 
; - 
i 3 

$ 

g, 5' 25163. Registration; exemptions; inspection 

? -  

i 

i 
(a) Except as otherwise provided in subdivisions (b) and (c), i t  is 

unlawful for any person to carry on, or engage in the hauling of 
hazardous wastes, unless such person holds a valid registration issued by 
the department, and it shall be unlawful for any person to transfer 
custody of a hazardous waste to a hauler who does not hold a valid 
registration issued by the department. Any registration issued by the 
department to a hauler of hazardous waste is not transferable from the 
person to whom it was issued to any other person. 

(b) Persons hauling only septic tank, cesspool, seepage pit, or chemical 
toilet waste that does not contain a hazardous waste originating from 
otlier than the body of a human or animal and who hold an unrevoked 
registration issued by the health officer or his duly authorized represent- 
ative pursuant to Chapter 6 (commencing with Section 25000) shall be 

(e) Persons hauling hazardous wastes to a permitted hazardous waste 
facility for transfer, treatment, recycling, or disposal, which wastes do 
not; exceed a total volume of five gallons or  do not exceed a total weight 
of 50 pounds, shall be exempt from the requirements of subdivisions (a) 
and (e) and from the requirements of Section 25160 concerning posses- 
sion of the list while carrying or handling hazardous waste, upon 
meeting all of the following conditions: 

(1) The contents of any single container hauled do not exceed one 

(2) The hazardous wastes are hauled in closed containers and packed 
in a man,ner that prevents the containers from tipping, spilling, or 
breaking during the hauling. 

(3) Different hazardous waste materids are not mixed within a con- 

(4) The'hazardous waste hauled is not listed as an extremely hazard- 
ens waste in Section 66685 of Title 22 of the California Administrative 
Code. 

(5) The person hauling the hazardous. waste is the generator of that 

(d) Any person registered as  a hazardous waste hauler pursuant to 
subdivision (a) shall not be subject to the registration requirements of 
Chapter 6 (commencing with Section 25000) of the Health and Safety 
Code; but shall comply with the terms, conditions, orders, and directions 
as the health officer or his or her duly authorized representative may 

a. 
i 

$ 
i 
2 
., 5. 
g 
i 
2 
# P 
b? 

from the requirements of subdivision (a). 

3 r . 
d 
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deem necessary for the protection of human health and comfort, and 
shall otherwise comply with the requirements for statements as provided 
in Section 25007. Violations of those requirements of Section 25007 shall 
be punished as provided in Section 25010. Proof of registration pursuant 
to subdivision (a) shall be submitted by mail or in person to the local 
health officer in the city, county, or city and county in which the 
registered hazardous waste hauler will be conducting the activities 
described in Section 25001. 

(e) I t  is unlawful for any person to transport hazardous waste in any 
truck, trailer, semitrailer, vacuum tank, or cargo tank not inspected by 
the California Highway Patrol or to transport hazardous waste in any 
container, other than a container packaged pursuant to Federal Depart- 
ment of Transportation regulations, which has not been inspected by the 

(Added by Stats.1977, c. 1039, p. 3147, 5 21. Amended by Stats.1979, e. 1097, p. 
3963, 5 1; Stats.1980, c. 848, p. 2642, 5 1; Stats.lSS0, e. 1112, p. 3575, 5 1.6; 
Stats.1983, c. 1037, 5 2, eff. Sept. 22, 1983.) 

, California Highway Patrol. 

Historical Note 

The 1979 amendment substituted, follow- 
ing the exception in subd. (a), "it is unlaw- 
ful for any person" for "after January I, 
1979, it shall be unlawful for any person"; 
and added subd. (c) [now subd. (b) 1. 

The 1980 amendment by c. 1112 added the 
second sentence in subd. (a); inserted subd. 
(c); and relettered former subd. (e)  as subd. 
(d). 

Amendment of this section by § 2 of 
Stats.1980, c. 848, p. 2642, failed to take 
effect under the terms of § 4 of that Act. 

Amendment of this section by 5 1.5 of 
Stats.1980, c. 1112, p. 3674, failed to take 
effect under the terms of § 12 of that Act. 

The 1983 amendment, in subd. (a), in the 
first sentence, pluralized "subdivision", in- 
serted "and (e)", deleted ", the business of 
hauling hazardous waste, or" following "en- 
gage in" and pluralized "waste"; inserted a 
new subd. (c) and relettered the subsequent 
subdivisions accordingly. 

Section 1 of Stats.1983, c. 1057, provides: 
"The Legislature hereby finds and de- 

clares the following: 
"(a) Existing law encourages private citi- 

zens and small business to violate the 

state's hazardous waste control laws by 
making proper disposal of minimal amounts 
of hazardous waste unreasonably costly. 

"(b) In some instances, the misinterpreta. 
tion of state law governing the transporta- 
tion of hazardous waste has prohibited pri- 
vate citizens from properly disposing of 
hazardous waste byproducts without regis- 
tering as a hazardous waste hauler or em- 
ploying the use of one. 

"(e) The costs involved in utilizing a haz- 
ardous waste hauler for these purposes is 
an undue financial burden on small hazard- 
ous waste generators, thereby encouraging 
individuals to illegally dump hazardous by- 
products a t  solid waste disposal sites or to 
engage in illegal dumping by other means 
as these are the most cost-effective alterna- 
tive methods. 

"(d) Since the illegal disposal of hazard- 
ous wastes constitutes a clear and present 
danger to the public and the environment, it 
is the intent of the Legislature to encourage 
and promote the proper disposal of minimal 
amounts of hazardous wastes, thereby pro- 
moting public responsibility for that activi- 
ty." 

Cross References 
Department and officers authorized to enforce subds. (a) and (d) of this section, see 

Punishment for engaging in transportation of hezardous waste in violation of subds. (a) or 
D 25180. 

(d) of this section, see 5 25191. 
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§ 25166 

9 25163.1. Registration: persons not in business of hauling hazard- 

'The department shall not adopt any regulations requiring a person 
hauling hazardous wastes. who is not in the business of hauling hazard- 
ous wastes or who is not hauling these wastes as a part of, or incidental 
to, any business, to obtain the registration specified in subdivision (a) of 
Section 2.5163 if that  person meets the conditions specified in subdivision 
(c) of Section 25163. 
(Added by Stats.1983, c. 1037, § 3, eff. Sept. 22, 19S3.) 

ous wastes or not incidental to any business 

' 

Cross References 
Legislative intent, see § 25163. 

9 25165. Application for registration; form: fees;. filing: contents: 

(a) A hazardous waste hauler's application for original and renewal 
registration shall be on a form provided by the department and shall be 
accompanied by the appropriate fees. 

(b) Any application for registration under this section shall be filed 
with the department. The application shall state the name in full, if a 
partnership, the names of each of the partners, the relation of the 
a e t  to the firm or partnership, the place of business and place uf 
re ce-of the applicant for registration and of each of the partners in 
the business, if a partnership, such other information as the department 
shall require, and shall designate, as specifically as  practical, the areas 
and locations where it is proposed to dispose of hazardous waste. The 
application shall be signed by the.authorized officer of a corporation, if a 
corporation, or by the managing partner, if a partnership. 
(Added by Stats.1977, c. 1039, p. 3147, § 22. Amended by Stats.1979, e.  1097, p. 
3964, 5 2.) 

signature 

Historical Note 

The 1979 amendment, rewrote. as subds. 
( 0 )  and (b), the former first two sentences 
which had read: 

"An application for registration under 
this section shall be filed with the depart- 
ment. The application shall be on B form 
[Jrovided by the clepartment and shell state 
the k lme in full, if a partnership, the names 

5.25166. Fees 
(a) A registration fee of fifty -dollars ($50) shall be paid ' to the 

dePartment by each person who carries on, or engages in, the business of 
hkuling hazardous waste or who handles hazardous waste as a part of, 
Or incidental to, any business, for a calendar year or any portion thereof. 
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(b) A person who transports hazardous waste as a substantial part of 
any business or who transports hazardous wastes in vehicles designed 
for such transport shall also pay to the department fifteen dollars ($15) 
for the first vehicle used for the transportation of hazardous waste, ten 
dollars ($10) per vehicle for the second through sixth vehicle, and five 
dollars ($5) per vehicle for the seventh and any other vehicle, for a 
calendar year, or a prorated amount thereof for the unexpired portion of 
a calendar year. 

(c) For the purposes of this section, "substantial part of any business" 
shall mean the generation of more than thirty-five thousand dollars 
($35,000) in annual gross revenue from the hauling of hazardous waste 
within California during a calendar year. The fees imposed by this 
section are for the privilege of engaging in a business. 
(Added by Stats.1977, c. 1039, p. 3147, § 23. Amended by Stats.1978, c. 664, p. 
2134, 5 1.) 

Historical Note 

The 19 i8  amendment inserted subdivision 
designations; and rewrote the former third 
sentence [now subd. (c)] which had read 

"For the purposes of this section, 'sub- 
stantial part of any business' shall mean 8 

percent or more of the total cargo trans- 
ported during a calendar year.". 

Cross References 

Inspection of containers, fee to be collected a t  the Same time as registration and vehicle 
fees prescribed by this section, see § 25168.5. 

9 25167. Payment of fees 
The fees prescribed in Section 25166 shall be payable each year not 

later than the first day of February or within 30 days after commencing 
the use of any vehicle to haul hazardous waste, whichever occurs later, 
and deposited in the Hazardous Waste Control Account in the General 
Fund for administering the provisions of this chapter. 
(Added by Stats.1977, e. 1039, p. 3148, § 24. Amended by Stats.1980, c. 804, p. 
2532, § 1.) 

Historical Note 

, ', 

_I , .I 
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The 1980 amendment inserted, following 
"whichever occurs later,", the words "and 

deposited in the Hazardous Waste Control 
Account in the General Fund". 

Article 6.5 
HAZARDOUS WASTE HAULERS 

Section 
2.5167.1. 
2.5167.'2. Legislative finding and  declaration. 

Citation of article; legislative intent 
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Section 
26167.3, Legislative intent: preemption. 
25168. Inspection; certificate of compliance; training of personnel. 
25168.1. Regulations for containers; inspection by highway patrol. 
25168.2. Suspension or revocation of certification or registration; denial of 

25168.3. Certificate of compliance with inspection. 
2.5168.4. Fee for annual inspection. 
25168.5. Fee for annual inspection; time of coliection. 
25168.6. Deposit of inspection fees; appropriation for expenses of inspection, 
25169. Ability of transporter to respond in damages. 
25169.1. Annual inspection by highway patrol; certificate of compliance; con- 

25169.3. Transportation from abandoned site to another disposal site; condi- 

Article 6.5 zuas added by Stets.lS?S, e. 1097, p .  3964, § 3. 

registration application; grounds. 

tainer defined. 

tions; exceptions. 

8 25167.1. Citation of article; legislative intent 
This article may be cited and shall be known as the Hazardous Waste 

Haulers Act. It is not the intent of the Legislature in enacting these 
provisions to  preempt or weaken any state or federal law or regulation 
specifically relating to the handling or transportation of radioactive 
materials or nuclear waste. B (Added by Stats.1979, e. 1097, p. 3964, 5 3.) 

Library References 

Health and Environment -20. C.J.S. Health and Environment 55 2 t o  6, 
44 to 47, 62 to 64, 106, le5, 128, 130, 
132, 137. 

9 25167.2. Legislative finding and declaration 
The Legislature finds and declares that increasing quantities of haz- 

ardous waste are being produced in this state and that adequate and 
reasonable safeguards in handling hazardous wastes, particularly in 
transporting hazardous wastes to disposal sites, are necessary to protect 
the public health and environment. 
(Added by SPats.1979, e. 1097, p. 3964, § 3.) 

8 25167.3. Legislative intent; preemption 
It is the intent of the Legislature that this article preempt all local 

regulations and all conflicting state regulations concerning the transpor- 
tation of hazardous waste, including all inspection, licensing, and regis- 
tration of trucks, trailers, semitrailers, vacuum tanks, cargo tanks, and 
containers used to transport all types of hazardous wastes. NO state 
agency, city, city and county, county, or other political subdivision of this 
state, including, but not limited to, a chartered city, city and county, or 
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county, shall adopt or enforce any ordinance or regulation which is 
inconsistent with the rules and regulations adopted by the State Depart- 
ment of Health Services, the Department of the California Highway 
Patrol, or the State Fire Marshal pursuant to this article. 
(Added by Stats.1979, e. 1097, p. 3964, § 3. Amended by Stats.1980, c. 1112, p. 
3376, § 2.) 

Historical Note 

The 1980 amendment substituted "this 
article" for "this act" in two places and 
added the word "semitrailers". 

§ 25168. Inspection; certificate of compliance; training of person- 
nel 

No regisfration shall be granted under this article unless: 
(a) The truck, trailer, semitrailer, vacuum tank, cargo tank, or contain- 

er, excluding containers holding hazardous waste packages pursuant to 
Federal Department of Transportation requirements, used to transport 
all types of hazardous wastes, has been inspected and received a certifi- 
cate of compliance under this article, and 

(b) The owner or operator provides documentation indicating that all 
persons who will operate the truck, trailer, semitrailer, vacuum tank, 
cargo tank, or container have received training adeqyate to ensure the 
safe handling of the hazardous waste to be transported. 
(Added by Stats.1979, c. 1097, p. 3964, § 3. Amended by Stats.1980, c. 1112, p. 
3576, § 3.) 

Historical Note 

The 1980 amendment inserted the word 
"semitrailer" in two places. 

5 25168.1. Regulations for containers: inspection by highway pa- 

The department shall adopt regulations for containers used to trans- 
port hazardous wastes not covered or packaged as required by federal 
regulations contained in Title 49 of the Code of Federal Regulations. 
The Department of the California Highway Patrol shall conduct an 
annual inspection of every truck, trailer, semitrailer, vacuum tank, cargo 
tank, or container used by registered waste haulers to transport hazard- 
ous waste on the highways. The inspection shall be designed to deter- 
mine if each vehicle complies with the Vehicle Code and with regulatipns 
adopted by the State Fire Marshal under Section 34020 of the Vehicle 
Code, by the Highway Patrol under subdivisions (a) and (b) of Section 
34501 of the Vehicle Code, and by the State Department of Health 
Services for containers used to haul hazardous waste, The Department 
of the California Highway Patrol shall determine whether the construe- 
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tion, design, equipment, and safety features of every such truck, trailer, 
semitrailer, vacuum tank, cargo tank, or container are in compliance with 
the standards which the department determines are necessary for the 
safe transportation of hazardous waste. 
(Added by Stats.lSi9. c .  1097, p. 3964, § 3. Amended by Stdts.1980, c.  1112, p. 
367G, 5 4; Stats.1981, e. 912, p. 3460, 5 1, eff. Sept. 28, 1981.) 

Historical Note 

The 1980 amendment added "semitrailer" 

The I961 amendment a t  the beginning of 

Highway Patrol", inserted "Department of 
the"; and, in the third sentence, following 
"complies with" inserted "the Vehicle Code 

throughout the section. 

tile second sentence. before "California and with". 

§ 25168.2. Suspension or revocation of certification or registration; 

The department may, pursuant to Chapter 5 (commencing with Section 
11500) of Part  1 of Division 3 of Title 2 of the Government Code, suspend 
or revoke the certification of a truck, trailer, semitrailer, vacuum tank, 
cargo tank, or container used to haul hazardous waste and may suspend 
or revoke the registration or deny the application for registration of a 
hazardous waste hauler for any of the following reasons: 

(a) Failure of the registrant to pay required fees or misrepresentation 
upon application for original or renewal registration. 

(b) Failure of a truck, trailer, semitrailer, vacuum tank, cargo tank, or  
container owned or operated by a registrant to comply with regulations 
adopted under Section 34020, subdivisions (a) and (h) of Section 34501 of  
the Vehicle Code, and those regulations promulgated by the department 
for containers used to haul hazardous waste. 

(e) Failure or refusal of the registrant to permit inspection of a truck, 
trailer, semitrailer, vacuum tank, cargo tank, or container or make a 
truck, trailer, semitrailer, vacuum tank, cargo tank, or container availa- 
ble for inspection by a member of the California Highway Patrol upon 
reasonable notice. 

(d) Failure to possess the minimum insurance, as prescribed in Section 
25169. 

(e) Violation of any provisions of this division. 

denial of registration application; grounds 

(Added by Stats.lSi9, e. 1097, p. 3964, § 3. Amended by Stats.1980, c. 1112, p. 
3.577, 5 j; Stats.lQ82, c.  1230, § 1.) 

Historical Note 

The 19x0 amendment added "semitrailer" 
throughout the section. 

The 1382 alnentlmenc substituted '<may 
suspend or revoke the registration or deny 

the applicxtion for registration of a haLard- 
O M  waste hauler" For "may revoke the 
registration of a haiardous waste hauler" 
in the introductory pvovision. 
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Div. 20 

Cross References 

Temimrary suspension of certification of container used to transport hazardous waste and 
suspension of registration of hazardous waste hauler prior to hearing, remedies addition- 
al to those provided in this section, see § 25186. 

8 25168.3. Certificate of compliance with inspection 
(a) Once a truck, trailer, semitrailer, vacuum tank, cargo tank, or 

container has been inspected and found to be in compliance with all 
design, construction, and safety requirements, the department shall issue 
a sticker, label, or other suitable device constituting a certificate of 
compliance to identify waste hauling vehicles which have passed inspec- 
tion. The certificate of compliance shall be plainly affixed to the truck, 
trailer, semitrailer, vacuum tank, cargo tank, or container. The size, 
shape, color, and design of the certificate of compliance and the position- 
ing of the certificate shall be determined by the department. 

(b) The indicia required by this section shall be incorporated with, or 
take the place of, any indicia issued pursuant to the provisions of this 
article. 
(Added by Stats.1979, e. 1097, p. 3964, § 3. Amended by Stats.1980, e. 1112, p. 
3577, 5 6.) 

Historical Note 

The 1980 amendment added "semitrailer" 
to suhd. (a).. 

Cross References 

Failure to display certificate of compliance a s  provided in this section, duty of person 

Punishment for transportation of hazardous waste without certificate of compliance a s  
accepting hazardous waste to report such incident, see 5 25201.2. 

specified in this section, see 5 16191. 

25168.4. Fee for annual inspection 
The fee for the annual inspection of a truck, trailer, semitrailer, 

vacuum tank, cargo tank, or container used to transport hazardous 
wastes shall be determined by the commissioner of the Department of 
the California Highway Patrol as  provided by Article 6 (commencing with 
Section 2560) of Chapter 2 of Division 2 of the Vehicle Code. 
(Added by Stats.1979, e.  1097, p. 3964, § 3. Amended by Stats.1980, e. 1112, p. 
3578, 5 7.) 

Historical Note 

The 1080 amendment added "semitrail- 
er". 
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HAULERS § 25169.1 
Ch. 6.5 

3 25168.5. Fee for annual inspection: time of collection 
The department shall collect the inspection fee at the same time as the 

registration and vehicle fees prescribed by Section 25166. 
(Added by Stats.1981, c. 912, p. 3450, § 2, eff. Sept. 28, 1981.) 

Historical Note 

Derivation: Veh.C. former § 2561, added 
by Stats.1979. c. 1097, p. 3967, § 6.  

3 25168.6. Deposit of inspection fees; appropriation for expenses 

All inspection fees received shall be deposited in the Motor Vehicle 
Account in the State Transportation Fund. An amount equal to the fees 
collected is hereby continuously appropriated from the Motor Vehicle 
Account to the Department of the California Highway Patrol to reim- 
burse the department for the inspections conducted. 
(Added by Stats.1979, e.  1097, p. 3964, § 3.) 

of inspection 

8 25169. Ability of transporter to respond in damages 
Every transporter of hazardous waste, as defined in Section 25117, 

shall maintain.ability to respond in damages resulting from the operation 
of his business consistent with: 

(a) The liability limits prescribed pursuant to Section 3631 of the 
Public Utilities Code. 

(b) A higher limit than that prescribed in (a), when deemed necessary 
and so established by the State Department of Health Services. 
(Added by Stats.1979, c. 103i, p. 33G4, 5 3.) 

5 25169.1. Annual inspection by highway patrol; certificate of 

(a) The California Highway Patrol shall inspect every truck, trailer, 
semitrailer, vacuum tank, cargo tank, or container used to transport 
hazardous waste at least once a year to ascertain whether its construc- 
tion, design, equipment and safety features comply with the regulations 
promulgated by the State Department of Health Services pursuant to 
Section 25168.1. 

(b) No person shall transport hazardous waste on streets and high- 
ways within the State o f  California, unless the truck, trailer, semitrailer, 
vacuum tank, cargo tank, or  container in whjch the hazardous waste is 
being transported displays a certificate of compliance, issued by the 
State Department of Health Services, showing that the vehicle has been 
inspected within the last 12 months. 
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HAZARDOUS WASTE CONTROL 
Div. 20 

(c) For the purposes of this section, “container” means any portable 
tank or bin having a capacity greater than 110 U S .  gallons. 
(Added by Stats.1979, e. 1097, p. 3964, § 3. Amended by Stats.1980, c. 1112, p. 
3578, § 8; Stats.1981, c. 912, p. 3450, § 3, eff. Sept. 28, 1981.) 

Historical Note 

The 1980 amendment added “semitrailer” 

The 1081 amendment added subd. (e). 
throughout the section. 

Cross References 

Department and officers authorized to enforce suhd. (h) of this section, see § ’25180. 

5 25169.3. Transportation from abandoned site to another disposal 

Before hazardous waste is transported from an abandoned site to 
another disposal site, all of the following conditions .shall be met: 

(a) The department shall conduct such tests, or cause such tests to be 
completed by the responsible party, as are necessary to determine the 
general chemical and mineral composition of hazardous waste that is 
being transported. 

(b) The hazardous waste hauler shall prepare a transportation and 
safety plan outlining safety features and procedures to be used by the 
hauler to protect the public during the transportation process. 

(e) The department shall review and approve the transportation and 
safety plan. 

(d) The hazardous waste hauler shall, under penalty of perjury, certify 
that he or she will follow the provisions of the transportation and safety 
plan. 

(e) The department shall issue a certificate to the hazardous waste 
hauler certifying that the transportation and safety plan has been 
approved by the department. The person transporting the waste shall 
have the certificate in his or her possession while transporting the waste. 
Such certificate shall be shown upon demand to any department official, 
officer of the California Highway Patrol, or any local health officer. 

The term “abandoned site”, as .used in chis section, means an inactive 
waste disposal, treatment, or storage facility which cannot, with reasona- 
ble effort, be traced to a specific owner; a site whose owner has been 
determined bankrupt or who has not taken corrective action on or before 
the date specified in an order issued pursuant to Section 25187; or a 
location where hazardous waste has been illegally disposed. 

(€) The requirements of this section shall not apply when the hazard- 
ous waste disposal is the direct result of an accidental spill or the 
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TREATMENT, RECYCLING, ETC. 
Ch. 6.5 

5 25170 

department determines that emergency action is needed to protect the 
enyironment or the public health. 
(Added by Stats.1982, e. 294, p. 1420, § 1, eff. June 22, 1982.) 

Article 7 
TREATMEIVT, RECYCLING, AND DISPOSAL 

TECHNOLOGY 
Section 
2.5170. Duties of department. 
25171. Report on assessment of best available technologies; revisions to 

reeulations. 
25172. RenGrnbered. 
25173. Trade secrets: confidential nature; definition. 
2i174. 
25174.1. 

25174.2. 
25li4.2. 
25174.3. 
25174.4. 
25174.5. 
2374.6. 
25174.7. 
25174.8. 
25174.9. 
25175. 
25176. 

Disposal site operator’s fees; amount; sufficiency; reserve; purpose. 
Environmental epidemiology and health effects studies related to toric 

substances: use of funds to ewer costs. 
Toxic research and information programs; use of funds. 
Fee schedule; changes; effective date; operative date of section. 
Fees; amount to cover certain costs; appropyiation. 
Water monitoring; funds. 
Fees; criteria for increase or decrease. 
Operators; fees; maximum amount. 
Fees; duration o f  fees provided in § 25174.6. 
Operator’s fees; effective date; duration. 
Operator’s fees; increase in amount; emergency regulation; duration. 
List of hazardous wastes; recycling; statement; fees. 
Recommendations to lexislature; listing of wastes feasible for’recy- - - 

cling. 

tion. 
25177. 

2.5178. Report ta legislature. 

Article 7 was added by Stats.1972, e. 1236, p ,  2288, § 1, 
operative July 1, 1973. 

Heading of ATticle 7, “Other Provisions’: was nme?tded by 
StatsS9X2, e. 89, § 13, e 8  Mweh 2, 1982, to read as it nom 
appears. 

Investigations; report and distribution of findings aiid results; publica- 

8 25170. Duties of department 
The department in performing its duties under this chapter shall: 
(a) Coordinate research and development regarding methods of haz- 

ardous waste handling, storage, use, processing, and disposal and may 
conduct appropriate studies relating to hazardous wastes. 

(b) Maintain a technical reference center on hazardous waste disposal, 
recycling practices, and related information for public and private use. 

(c) Provide statewide planning for hamrdous waste facility site identi- 
fication and assessment and render technical assistance to state and local 
agencies in the planning and operation of hazardous waste programs. 
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(d) Provide for appropriair swveillance of hazardous waste p r o c e  
ing, use, handling, storage, or.< disposal ppactices in the state. 

(e) Coordinate research ani5 study in the technical and manageEd 
aspects of management and LE? of hazardous wastes, and recycling and 
recovery of resources from hzz rdous  wastes. 

(f) Determine. existing and a p e c t e d  rates of production Of hazardous 
waste. 

(g) Investigate market po:endal and feasibility of use of hazardous 
wastes and recovery of resources from hazardous wastes. 

(h) Promote recycling and recovery of resources from hazardous 
wastes. 

(i) Conduct studies for the purpose of improving departmental open- 
tions. 

(i) Encourage the reduction or exchange, or both, of hazardous .waste 
(k) Establish and maintain En information clearinghouse, which shall 

consist of a record of wastes ..i-hich may be recyclable. Every producer 
o f  hazardous waste shall SUP-$:- rhe department with information for the 
clearinghouse. Each producer shall not be required to Supply any more 
information than is required b>- the manifests provided for in Section 
25160. The department shall make this information available to persons 
who desire to recycle the \-astes. The information shall be made 
available in such a way tha t  rhe trade secrets of the producer are 

( I  ) Conduct pilot projects, :IS appropriate, to document the technical 
perforinance of emerging tec'naologies which offer potential for ameli* 
rating California's hazardous Tas t e  disposal problems. 

. '  protected. 

(Added by Stats.1972, e. 1236, p. %3S, 5 1, operative July 1, 1973. Amended by 
Stats.1977, e. 1039. D. 3148. 5 26: ~z ts .1978 ,  e. 1397, p. 4622, 5 12; Stats.19SZ C. 
89, S 15.5, eff. M a k h  2, 1982.) 

Historical Note 

The 1Ri7 amendment Fewrote snM. (a) practices in the state."; and .added sukk. 
whieh had read  

L i b m y  References 

, IX, 169, 71 to 73, 78 to 80, 82 to $6. 5.: to 153. 
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TREATMENT, RECYCLING, ETC. 
Ch. 6.5 

§ 25173 

5 25171. Report on assessment of best available technologies; revi- 

Commencing July I, 1982, and every other year thereafter, the depart- 
ment shall prepare and issue to the public a report that contains an 
assessment of the best available technologies for the treatment, storage, 
recycling, source reduction, and disposal of hazardous waste in prepara- 
tion for revisions to regulations adopted pnrsuant to Section 25150. .The 
assessment shall include, but not be limited to, those technologies 
considered by the department to be the best currently available and an 
estimate of the unit costs associated with each technology. 
(Added by Stats.lS8'2, c. 89, § 16, eff. March 2, 1982.) 

sions to regulations 

Historical 9o te  

Former 5 25171, added by Stats.1972. c. 
1236, p. 2388, 3 1, relating to disposal of 
hazardous waste at the site of production, 

was repealed by Stats.1982, e. 89, 9 '14, eff. 
;March 2, 1982. See, now, 3 25157, 

Library References 

Health and Environment +25.5(5) 
C.J.S. Health and Environment §§ 91 et  

seq., 106 e t  seq., 131. 

25172. Renumbered § 25105 and amended by Stats.lSS2, c. 89, 
§ 16 

8 25173. Trade secrets; confidential nature; definition 
The department shall establish procedures to insure that trade secrets 

used by a person regarding methods of hazardous waste handling and 
disposal are utilized by the director, the department, or any authorized 
representative of the department only in connection with the responsibil-. 
ities of the department pursuant to this chapter and that such trade 
secrets are not otherwise disseminated by the director, the department, 
or any authorized representative of the department without the consent 
o€ the person. "Trade secrets," as used in this section, may include, but 
are not limited to, any formula, plan, pattern, process, tool, mechanism, 
compound, procedure, production data, or compilation of information 
which is not patented, which is known only to certain individuals within a 
commercial concern who are using. it to fabricate, produce, or compound 
an article of trade or a service having commercia1 value, and which gives 
its user an opportunity to obtain a business adjantage over competitors 
who do not know or use it. 
(Added by Stats.1972, c. 1256, p. 2388, § 1, operative July 1, 1973.) 

Cross References 

Hazardous waste testiug laboratories inspections, procedures to protect trade secrets 
p r s u m t  to this section, see § 25198.5. 
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Photographs taken during inspection of place containing hazardous wastes, compliance 1 

ivirl i  procedures established pursuant to this section, see 5 25165. :* 
5 25174. Disposal site operator's fees; amount; sufficiency; re- ,' 

serve; purpose / ,  

Each operator of any site at which hazardous wastes or extremely - .  
hazardous wastes are disposed, including every person who disposes of 
those wastes on site, shall pay a fee to the State Board of Equalization 
for disposal of those wastes. The director shall establish a schedule of 
the fees to be paid to the State Board of Equalization by the operator for 
disposal of hazardous or extremely hazardous waste, which shall provide 
revenues which shall not exceed the amount necessary, but  shall be 
sufficient, to cover.al1 costs incurred in the administration of this chapter 
and to provide a 5 percent operating reserve. The fees shall be deposited 
by the State Board of Equalization in the Hazardous Waste Control 
Account in the General Fund. The funds deposited in that account are 
continuously appropriated for expenditure without regard to fiscal years 
for the following purposes: 

(a) To the State Board of Equalization to pay refunds of fees collected 
pursuant to Section 43051 of the Revenue and Taxation Code. 

(b) To the department to carry out the provisions of this chapter. 

. .  

(Added by Stats.1972, e .  1236, p. 2388, § 1, operative July 1, 1973. Amended by 
. Stats.1973. e. 815. a. 1460. 5 1: Stats.1974. c. 545. a. 1292. § 81: Stats.1977. e. ' 0 

~ ~ , 1  ~ ~~,~ ~ _ ,  ~. - 12.52, p. 4422, § 3i3, operative .July i, 19i8; Stats.1980, e.  806, p. 2535, 4 1; 
Stats.1982, e. 496, § 6, eff. July 12, 1982; Stats.1982, c. 1244, § 1, eff. Sept. 22, 
1982; Stats.1983, e. 323, § 60.7, eff, July 21, 1983.) . . .  .~ 

.. 
Historical Sote  ~ 

The 1973 amendment added the fourth 
sentence relating to continuous appropria- 
tion. 

"Each operator of any site at which ha?; 
ardous wastes are disposed shall .pay a fee 
to the director for disnosal of such wastes. 

The 1974 amendment deleted from the 
&Finning of the the ,vor,js q e g i n .  
ning January 1, 1974,". 

The 1977 amendment substituted "State 
Department of Health Services" for "De 
partment of Health" [see the 1982 note]. 

The director shall esiablish a schedule of 
fees to be paid to the director by such 
operator for disposal of hazardous waste, 
which shall provide revenues which shall 
not exceed the amount necessary, but shall 
be sufflcient, to cover all costs incurred in 
the administration of this chaeter. Such 

The 1960 amendment, substituted in the fees shall be deposited each month in the 
second sentence "disposal of hazardous Hazardous Waste Control Account in the 
ivaste" for "each disposal of hazardous General Fund. The funds deposited in such 
waste listed in such list or document,". account are continuously appropriated for 

expenditure without regard to fiscal years Section 2 of Stats.1980. c. 806. provided: to the state D~~~~~~~~~ of Health ~ ~ ~ , . i ~ ~ ~  
"The amendment to Section 25174 of the to carry out the provisions of this chapter.", 

Health and Safety Code made by this act Section 45 of Stats.1982, c. 496, provides: 
does not constitute a change in, but is de Assembly 3696 of 1981-82 

Regular Session of the Legislature [Stats. claratory of, the preexisting law." 
The 1082 amendment by e. A96 rewrote IBE!?. e. 12521 is ehaptered and takes effect 

the section which as amended in I980 had on or before >anuary 1, 1963, and it amends 
read: Section 2517J of the Health and Safety 

- 

~ 
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Code [Section 2.5174  vas not so amended], 
that sectivn. as amended by Assembly Bill 
3696. shall become operative, and Sections 
25174 and 25174.2 of that code, as amended 
by Section 6 of this act and as added by 
Section 7 of this act, respectively, shaU not 
become operative, whether Assembly Bill 
3698 is chaptered prior to or subsequent to 
this act.” 

The 19S7 amendment by e. 1244, amend. 
ing c. 496. substituted in subd. (a) “fees 
collected pursuant to Section 43051” for 
”tsxes authorized by Part 22 (commencing 
with Section 43001) of Division 2”. 

Section 11 of Stats.1962, e, 1244, provides: 
“The Legislature hereby declares its in- 

tention that the tax rates set  forth in this 
chapter shall be revised by statute during 

§ 25174.2 

the 1963 legislarive session to ensure an 
equitable distriburion of the tax burden by 
baking into account the relative eiirironnien- 
td risk posed by all forms of hazardous 
waste disposal, including dispose1 into injec- 
tion wells, and that these revised tax rates 
shall be applicable to disposal beginning 
January 1, 19%2,” 

Effect of amendment of section by two or 
more acts a t  the same session of the legisla- 
ture, see Government Code § 9GO5 

The 19S3 amendment inserted, a t  the end 
of the second sentence, the words “and to 
provide a 5 percent operating reserve”. 

Stats.1983, e. 3T3 operative on July 21, 
1983 and deemed to have become effectire 
on July 1, 1983, unless otherwise provided. 
see Historical Xore under C.C.P. 0 1531. 

Cross References 
Authorization to collect fee pursuant to this section, see Revenue and Taxation Code 

Liability of operators of hazardous waste disposal sites for fees or charges pnyable to 
S 43051. 

director of health, see Government Code 5 G103.10. 

8 25174.1. Environmental epidemiology and health effects studies 
related to toxic substances; use of funds to  cover costs 

Funds deposited in the Hazardous Waste Control Account pursuant to 
Section 25174 may also be use to cover costs of environmental epidemiol- 
ogy and health effects studies related to toxic substances, including 
extremely hazardous waste, as  defined in Section 23115, and hazardous 
waste, as defined .in Section 25117. 
(Added by Stats.1982, e.  327, § 114, .eff. June 30, 19S2.) 

9 25174.2. Toxic research.and information programs; use of funds 
Funds deposited in the Hazardous Waste Control Account pursuant to 

Section 25174 may also be used to support toxic research and information 
programs. 
(Added by Stats.1982, c. 327, 0 115, eff. June 30, 1982.) 

For a?zotlier ‘section of the snrne numbei; added by Strits. 
1982, c. 496, 9’ 7, see 4 25174.2, post. 

$ 25174.2. Fee schedule; changes: effective date; operative date of 

Any change in the schedule of fees establisl~ecl pursuant to Section 
25174 shall become effective as of the first day of the first calendar 
month, or any calendar month designated by the director, which begins 
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HAZARDOUS WASTE CONTROL 

Div. 20 
at least 60 .days after the director has advised the State Board of 
Equalization in writing of the change. .+ - This section shall become operative on January 1, 1983. 

s .  
(Added by Stats.1982, e. 496, § 7, eff. July 12, 1982, operative Jan. 1, 1983.) 

For a ~ o t l i e r  section of the same number, added bg Stnts 
1982, c. 2'27. § U S ,  see § 25174.2, arite. 
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5 25174.5. - -  
Historical Note The schedL 

Section 45 of Stats.1982, c. 496, provides: that section. as amended bu Assemblr Bill 
Bill 3696 of the 1981-52 3696, shall become operatiie, and Sekions 

25174 and 25174.2 of that code as amended Regular Session of the Legislature [Stats. by of this and is added bv 
1982, e. 12321 is chaptered and takes effect seetion 7 of this act, respective]y, shall ,,it 
on or before Januar:' 1, 1983, and it amends become operative, whether Assembly Bill 
Section 25174 of the Health and Safety 3696 is chaptered prior to or subsequent to 
Code [Section 25li.l was not so amended], this act," 

3 25174.3. Fees: amount to cover certain costs: appropriation 
The fee authorized by Section 25174 shall be calculated to produce 

'revenues in an amount necessary also to cover all costs incurred in the 
administration of Section 13227 of the Water Code and costs incurred as 
a result of inspection of underground storage tanks and related enforce- 
ment costs pursuant to Section 13301,of the Water Code. .It is the intent 
of the Legislature that funds be annually appropriated in the Budget Act 
from the Hazardous Waste Control Account to the State Water Re- 
sources Control Board for all costs incurred by the board in administer- 
ing Sections 13227 and 13301 of the Water Code. 
(Added by Stats.1982, e. 90, § 1, eff. PIarch 2, 1982. Amended by Stats.1982, e. 
496, § 7.3, eff. Ju ly  12, 1982; Stats.1983; e. 323, 5 60.8, eff. Ju ly  21, 1983.) 

@ 

Elistorieal Note 
. .  

The 1982 amendment rewrote the second underground storage tanks and related en- 
forcement costs pursuant to Section 13301 

"The department shall reimburse the Of the Water Code."; and substituted, a t  
the end of tile section, "Sections 13T27 and 
13301" for "Section 13227". 

Stats.1983, e. 323 operative on Julr 11. 
1983 and deemed to have become effective 
on July 1. 1983, iinless otlierwise provided, 
see Historical Note under C.C.P. 5 1531. 

sentence which had read: 

State Water Resources Control Board for 
all expenses incurred by tlie board in admin- 
istering Section 1322i of the Water Code." 

The 1983 amendment added to the end of 
the first sentence the words "and costs 
incurred as a result of inspection of the 

5 25174.4. Water monitoring; funds 
Funds deposited in the Hazardous Waste Control Account pursuant to 

Section 23174 shall be used to support water monitoring pursuant to 
Section 4026.1. 
(Added by Stats.1982, e. 496, 5 7.5, eff. July 12, 1982. Amended by Stats.1983, e. 
323, § 60.9. eff. Julv 21. 1983.) 
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\ .  TREATMENT, RECYCLISG, ETC. 
1 Ch. 6.3 

§ 25174.6 

Historical Note 

The 1BE3 amendment rewrote the section Stnts.1983, e. 323 oileratice on July 21, 
1983 and deemed to ha\,e become effective 

"Funds deposited in the Hazardous on July 1, 1963, unless otherwise provided, 
see Historical Fote under C.C.P. § 1531. 

j -  
- which had r ead  

Waste Control Account I)UTSUani to Section 
2,174 may also be used to support toxic 
research and information programs.". 

§ 25174.5. Fees: criteria for  increase o r  decrease 
The schedule of fees established pursuant to Section 25174 shall 

provide that the fee paid for the disposal of a class of hazardous waste, 
as determined by the department, be increased or decreased relative to 
the fee applied to the disposal of other classes of hazardous wastes 
according to the relative short-term and long-term hazards posed by the 
hazardous waste at the point of disposal, .as determined by the depart- 
ment, when compared to the other classes'of hazardous wastes disposed 
of in California. 
(Added by Stats.1982, e. 89, § 18, eff. March 2, 1982.) 

Library References 

Health and Environment -25.5(5). 
G.J.S. Health and Environment 55 91 e t  

seq., 106 e t  seq., 131. 

§ 25174.6. Operators: fees: maximum amount 
(a) Xotwithstanding the provisions of Section 25174.2 and except as  

otherwise provided in Sections 25174.8 and 25174.9, effective July 1, 
1983, the fee provided pursuant to Section 25174 to be paid by the 
operators of onsite and offsite hazardous waste facilities shall be six 
dollars and forty cents ($6.40) for each ton, or fraction thereof, of 
hazardous wastes which are not restricted hazardous wastes as provided 
by Section 66900 of Title 22 of the California Administrative Code and 
eighteen dollars ($18) for each ton, or fraction thereof, of restricted 
hazardous wastes as provided by Section 66900 of Title 22 of the 
California .Administrative Code which the operator disposes of on land or 
aPplies to land. The fees shall be paid in accordance with the provisions 
of Part 22 (commencing with Section 43001) of Division 2 of the Revenue 
and Taxation Code. 

(b) The operator of an offsite hazardous waste facility shall pay fees 
only for the first 2,500 tons of hazardous waste, which are not restricted, 
hazardous wastes, received in any one month from each site of each 
producer o f  hazardous waste. 

(c) The operator of an onsite hazardous waste facility shall pay fees 
only for the first 2,500 tons of hazardous waste, which are not restricted 
hazardous wastes, which the operator disposes of in any one month. 
(Added by Stats.1982, c. 32i, 5 116, eff, June 30, 1982. Amended by Stats.1982, 
e. 1569, § 1.6; Stats.1983, e. 323, 5 60.10, eff. Ju ly  21, 1983.) 

" 
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§ 25174.6 0 
HAZARDOUS WASTE COXTROL 

Div. 20 
I Historical Note 

The 19%. amendment deleted the second 
and rhird sentences from subd. (a) which 
had read: 

”The fees shall be paid within sixty days 
Eolloxing the month of disposal. Thereaft- 
er  a penalty shall be applied a t  the rate of 
10 percent of the amount otherwise due for 
each month, or fraction thereof, during 
which fees remain unpaid.”. 

The 1983 amendment rewrote subd. (a) 
which had read 

“Effective July 1, 1982, the fee provided 
pursuant to Section 26174 to be paid by the 
operators of onsite and offsite haadrdous 
w s t e  facilities shall be four dollars ($4) for 
erep’ ton. or fraction thereof of hazardous 

waste which the operator disposes of onland 
or applies to land.”; inserted in subd. (b) 
following “hazardous waste” the words 
“which are not restricted hazardous 
wastes”; and rewrote subd. (c) which had 
read: 

“The operator of an onsite ’ hazardous 
waste facility shall pa? fees only for the 
first 2.500 tons of hazardous waste which 
the operator disposes of on land or applies 
to land in any one month.” 

Stats.l9Ba, e. 323 operatke on July 21, 
1983 and deemed to have become effective 
on July 1, 1983, unless othenvise provided, 
see Historical Sote under C.C.P. 5 1531. 

Library References 

Health and Environment C..25.5(5). 
C.J.S. Health and Environment 55 91 et 

seq.. 106 et  seq., 131. 

5 25174.7. Fees; duration of fees provided. in § 26174.6 
The fees provided in Section 25174.6 shall remain in effect until June . 0 . 30, 1983. 

(Added by Stats.1982, c. 327, § 117, eff. .June 30, 1982.) 

§ 25174.8. 

Julr 1, 1983, and shall remain in effect until June 30, 1984. 
(Added by Stats.1983, c. 323, § 60.14, eff. July 21, 1983.) 

Operator’s fees; effective date: duration 
The fees provided in Section 25174.6 shall be effective commencing on 

Historical Note 

Stats.1983, e. 32.1 operative on July 21, 
19E3 and deemed to have become effective 

on July 1, 1983, unless otherwise provided, 
see Historical Sote  under C.C.P. 5 1531. 

9 25174.9. Operator’s fees; increase in amount: emergency regula- 

Totwithstanding any other provision of law, the department may, by 
emergency regulation, increase the amount of the fee established pursu- 
ant to Section 25174 or 25174.6 if it determines that the fees established 
are insufficient to fund the appropriations from the Hazardous Waste 
Control Account in the 1983-84 fiscal year. 

For the purposes of the Administrative Procedure Act, the adoption Of 
these regulations shall be deemed to be an emergency and necessary for 
the immediate preservation of the public peace, health and safety, and 

tion: duration 
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. TREATXENT, RECYCLIXC, ETC. § 25175 

- general welfare. Notwithstanding the provisions of Chapter 3.5 (com- - mencing with Section 11340) of Part 1 of Division 3 of Title 2 of the 
Government Code, these regulations shall not be subject to review, 
approval, or repeal by the Office of Administrative Law, and shall 
remain in effect until June 30, 1984. 
(Added by Stats.1983, c. 323, 5 60.15, eff. July 21, 1983.) 

I Ch. 6.5 

Historical Sote  

Stnts.lBS3, e. 323 operative on July 21, on July 1. 1989, unless otherwise prorided, 
1983 and deemed to have become effective see Historical So te  under C.C.P. S 15.31. 

§ 25175. List of hazardous wastes; recycling: statement; fees 
(a) The department shall prepare and adopt and may revise when 

appropriate, a list of hazardous wastes which the department finds are 
economically and technologically feasible to recycle. Each substance 
shall be categorized according to the degree of difficulty and the kind of 
difficulty encountered in recycling that substance. Whenever any waste 
on the list is disposed of by a person, the department may request, and 
the producer or disposer of that waste shall supply the department with, 
a formal, complete, and detailed statement justifying why the waste was 
not recycled. If the request is made of any entity listed in Section 25118 
other than an individual, the statement shall be issued by the responsible 
management of that entity. The department shall keep confidential any 
trade secrets contained in any such statement. 

(b) If, after receipt of the statement described in subdivision (a), the 
department finds the recycling of a hazardous waste to be economically 
and technologically feasible at the site of production, as  determined by 
the site operator, or, if the department provides the name of a ready, 
willing, and able purchaser of the recyclable waste, the disposer of the 
hazardous waste shall recycle the hazardous waste by either of the 
above described methods. Failure to comply with an order to recycle by 
either of these methods shall result in the assessment of fees for 
disposal pursuant to  Section 25174. The director may establish fees for 
the disposal of hazardous wastes determined to be recyclable in amounts 
which may be up to two times the base fee paid under the annual fee 
schedule established by the director. 
(Added by Stats.lS??, c. 1039, p. 3149, § 27. Amended by Sbts.1982, e .  69, § 21, 
eff. March 2, 1982.) 

ZIistorieal Sote 

The 1 W  amendment designated the orig- 
i i n l  Iwovisions a s  wbd. (a) and added subd. 
(b). 
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§ E 1 7 5  
.._, 
7 HAZARDOUS WASTE CONTROL 

Div. 20 ~ 

.?  . .  
I.ibr;my Ikfctences 

Health and Environment -25.5. 
C.J.S. Health and Environment §S til to 

66, 71 to 60, 115 to 1%. 137 to 140. 

8 25176. Recommendations to  legislature; listing of wastes feasible .t 
fo r  recycling 

The listing gf wastes feasible to recycle developed pursuant to Section 
25175 shall be presented annually, commencing January, 1979, to the 
Legislature with specific recommendations to promote recycling. 
(Added.by Stats.1977, e. 1039, p. 3149, § 28.) 

8 25177. Investigations; report and distribution of findings and 

- 
' .,-: 
-5 

"- results; publication -?. 
"L " .  The department may report findings and results of an investigation 

The department may distribute such information as it considers neces- 
sary for the protection of the public or for the protection of human 

.~., 

. I  
which the department undertakes pertaining to subject matter governed 
by this chapter, except for trade secrets as provided in Section 25173. 

health, domestic livestock, wildlife, and the environment and to ensure 
the best use of natural resources. The department may publish reports 
summarizing or containing any order of the director or any judgment or 
court order which has been rendered pursuant to this chapter, including 

,... .*' 
... ., - - . .  

. .. 
. .  

.. I 
i *  

L. . the nature of the charge and its disposition. ",. .,:; 
:.,A; 

- ". (Added by Stats.1980, e.  1161, p. 3900,.§ 4. Amended by Stats.1982; c. 89, § 22, 
.4~..~ eff. March 2, 1982.) ..1" & 

Historical Note 

The 1982 amendment added to the end of 
the second sentence the words "and to in- 
sure the best use of natural resources". 

\>,**> 
. ~ 2 9  ;?:? 

, , *&, 
. -. 8 25178. Report to IegisIature ... .I 

On or before January 1, 1983, and on or before January 1st of each 

to the Legislature a report containing, but not limited to, the following: 
(a) The status of the regulatory and program developments required 

(b) The status of the hazardous waste facilities permit program. 
(e) The status of the hazardous waste facilities siting program. 

(e) A summary of enforcement actions taken pursuant to this chapter 

:, 
.-. .a,:, . 

'." 
.?. 

odd-numbered year thereafter, the department shall prepare and 'submit 

i 

*1' 
_ e  . : i -  ;., .. I' pursuant to legislative mandates. 
4... . .. 
. .t. -- ?.., 

. .~,. 
.*. 

(d) The status of the hazardous waste abandoned sites program. 
i '? . and any other actions relating to hazardous waste management. 

generated, transported, treated, stored, and disposed. 

.." 
. .: ~ 

.i 
( f )  Summary data on annual quantities and types of hazardous waste 

rr. 
2::: 
1c . -,$$ 406 

I .<g 
0 

section 
".ilso. Departrr 

2,5181. Violatior 
2j1SZ. Civil act 
?51S:3. Venue. 
2 ,518~ Injunctb 
2,jlSj. Inspecti 

~.51&,j. .  Hazard( 
?;,16G. Ground: 
251Si. Violatio 
'~187.5. Correct' 
2518s. 'Failure 
";,1S9. Intentio 
"sIS9.5. Disposa 

ishmt 
2.5190. Repeak 
2519I. Acts sui 
25191.7, Inform:: 

tions. 

sure; 

penal! 
2j192. Penalti< .,.- ~ 1 9 3 .  Ciimnli 
2.5194. Abaten 
2.5194.5. Withdrl 

ture 
2,5195. Acts cc. 
2.51%. Hazard, 

Articfe r 

operative 

Emenlent upon hi 
prohlenis. enforq 

Restrictire covenah 
upon adjacent lat 



ENFORCEMENT 
Ch. 6.5 

ous waste. 
(g) Summary data regarding onsite and offsite disposition of hazard- 

(h) Research activity initiated by the department. 
(i) Regulatory action by other agencies relating to hazardous waste 

(i) Any other data considered pertinent. by the department to hazard- 
management. 

ous waste management. 
(Added by Stats.1982, e. 89, 5 22.5, eff, March 2, 1962.) 

Article 8 

ENFORCEMENT 
Section 
25180. 

tions. 
25181. Violations; injunctive relief. 
25182. Civil actions; joinder. 
25183. Venue. 
25184. Injunctions; pleadings. 
25185. Inspections; samples; photographs; report of violations; public disclo- 

A8a.5.  Hazardous waste disposal land use; inspection of real property. 
2.5186. Grounds for suspension or revocation of permit; public hearing. 
25187. Violations; order specifying schedule for compliance or correction. 
25187.5. Corrective action by department; contracts; costs; immunity. 
25188. Failure to comply with schedule for compliance; civil penalty. 
2.518% Intentional or negligent acts; civil penalties. 
2.5189.5. Disposal at facilities without permits or at unauthorized points; pun- 

25190. Repealed. 
25191. 
25191.7. 

25192. Penalties; deposit; appropriation. 
25193. Cumulative remedies. 

Department or officers authorized to enforce standards and regula- 

sure; local health officer. ., - - 

ishment. 

Acts subject to fine or imprisonment. 
Information materially contributing to imposition of ciril and criminal 

penalties; rewards to informants; amount; regulations. 

25194. Abatement of action. 
26194.5. Withdrawal of application for permit; suspension, expiration or forfei- 

25195. Acts canstitutinr misdemeanors. 
ture of permit; effect. 

~~.~ ~~ 

25196. Hazardous wasG disposal land use; civil penalty. 

AiHcle 8 zvus added by Stats.1972, e. 19.36, p. 2.388, § 1, 
operutire Jiily I ,  1973. 

Cross References 

Easement upon hazardous waste or border zone ~irolierty tu enter land tu monitor 

Restrictive covenant upon use of land on which hazardous waste fiicility is located and 
1iroblems, enforcernest pursuant tu this article, see § 2Z:iO. 

upon ailjxent land, enforcement pursuant tu this article, see 4 23202.5. 
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§ 25lSO HAZARDOUS WASTE CONTROL 
Div. 20 

3 251SO. Department o r  officers authorized to enforce standards 

(a) The standards and regulations adopted by the department pursuant 
to Section 25150 shall be enforced by the department or any local health 
officer or any local public officer as  designated by the director. 

(b) Any traffic officer, as defined by Section 625 of the Vehicle Code, 
or by a peace officer, as defined by Section 830.1 of t h e  Penal Code, in 
addition to the department and local health offkers, as specified in 
subdivision (a) may enforce Section 2816'0, subdivisions (a) and (d) of 
Section 25163, and subdivision (b) of Section 26169.1. 
(Added by Stats.1972, c. 1236, p. 2386, § I, operative July 1, 1973. Amended by 
Stats.1962, e. 69, § 23, eff. March 2, 1982; Stats.1983. e. 798, § 1.) 

and regulations 

Zlistorical Xote 

The 1982 amendment deleted the word 
"minimum" preceding "standards and regu- 
Mons"  near the beginning of what is now 
subd. (a). 

The 1983 amendment designated the o r ig  
inal provisions as subd. (a) and added.subd, 
(b), 

Xotes of Decisions 

1. In general nances and regulations pertaining to the 
The Hazardous Waste Control Law processing. handling and disposal of hazard- 

(§ 25100 e t  seq.) which became operative on ous and extremely hazardous waste materi- 
July 1, 1953, preempts existing local ordi- als. 57 0psAtty.Gen. 159, 44-74. 

§ 25181. Violations; injunctive relief 
When the department determines that any person has engaged in, is 

engaged in, or is about to engage in any acts or practices which 
constitute or will constitute a violation of any provision of this chapter, 
or any rule, regulation, permit, covenant, standard, requirement, or order 
issued, promulgated, or executed thereunder, and when requested by the 
department, the city attorney of the city in which such acts or practices 
occur, occurred, or will occur, the district attorney of the county in.which 
such acts or practices occur, occurred, or will occur, or the Attorney 
General may make application to the superior court for an order enjoin- 
ing such acts or practices, or for an order directing compliance, and upon 
a showing by the department that such person has engaged in or is 
about to engage in any such acts or practices, a permanent or temporary 
injunction, restraining order, or other order may be granted. 
(Added by Stats.1972, c. 1236, p. 2388, § 1, operative Ju ly  1, 1978. Amended by 
Stats.1980. e. 804, p. 2532, 0 2.) 

Historical Sote 

The l9YO amendment rewrote that part of 
tlie section preceding "or the Attoriley Gen- 
eraIll which part previously read: 

"Whenerer, i n  tlie judgment of the de- 
partment, any person has engaged in or is 
about to enyajir in any acts or practices 

408 

E~FORCESIEK 
Ch. 6.5 
,vhicl, constitute or 
t i o , ~  nf any provision 
I.L~~e, regulation. or o 

Injunction, generally 

Health and Enviro 
C.J.S. Health and 

66, 69, I1 to"i3, 

3 25182.' Civi 
Every civil aci 

request of the 
district attorney 
the State of C; 
processing oy di. 
ed. 
(Added by Stats.l! 
Stats.1980, c. 804, 

The 1980 amendn 
attorney"; inserted 

Coordination of Civi 
Procedure § 404 E 

§ 25183. Ven 
Any civil actic 

the county in u 
made or proposc 
the defendant is 
a n  office neare  
defendants, or a 
(Added by Stats.1' 
Stats.1982, c. 496, 

Tlie 18S2 amendn 
der of the section 
proposed to be mad< 



L .  
I EXFORCEMENT § 25183 
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i .  

3 

i 

which constitute or will cnnstitute a viola- 
tioii of any provision of this chapter, or any 
rule, regulation, or order issued thereunder, 

and a t  the request. of the department, the 
district iittmney of the county in which 
such actz or practices occur or will oceur." I. 

Cross References 

Injunction, genernlly, see Civil Code § 3420 e t  seq.: Code of Civil Procedure § 325 e t  seq. 

Library References 

*. Health and Environment c325.5, 

i 
f 

90, 91. 104, 110, 115 to 126, 128, 129, 
133, 13S, 13i  to 140, 142, 14.1 to 

153. 
C.J.S. Health and Environment §§ 61 to 

66, 69, 71 to 79, 78 to 80, 82 to 86, 88 to 

$ . 8 25182. Civil actions; joinder - 
Every civil action brought under the provisions of this chapter a t  the 

request of the department shall be brought by the city attorney, the 
district attorney, or the Attorney General in the name of the people of 
the State of California, and any such actions relating to the same 
processing or disposal of hazardous wastes may be joined or consolidat- 
ed. 
(Added by Stats.1972, c. 1236, p. 2388, § 1, operative July 1, 1973. Amended by 

? 
1 

i StdtS.1980. e. 804. D. 2633. 3.) 

Historienl Note 

The 1980 amendment inserted "the city 
attorney"; inserted "the" preceding "Attor. 

ney General"; and inserted cnmmas follow 
iny "district attorney" and "California." 

Cross References 

Coordination of Civil actions sharing a common question of fact or law, see Code of Civil 
? 

Procedure § 404 et seq. 

§ 2.5183. Venue 
Any civil action brought pursuant to this chapter shall be brought in 

the county in which the processing or disposal of hazardous waste is 
made or proposed to be made, the county in Tvhich the principal office of 
the defendant is located, or the county in which the Attorney General has 
an office nearest to the county in which the principal office of the 
defendants, or any of them, is located in this state. 
(Added by Stats.1972, c.  1236, p. 2388, § 1, operative July 1, 1973. Amended by 
Stdh.198& C. 496, 9 8, eff. J u l y  12, 1982.) 

Historical Wotr 

The 19K amendment added the renvaie- 
der o f  the section following "is made nr 
~ i i q i o s e d  to he made". 
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HAZARDOUS WASTE CONTROL 
Dir. 20 

Cross References 
- Jut‘ 

Venue. generally.. see Code of Civil Procedure § 392 et seq. 

5 25184. Injunctions; pleadings 
In any civil action brought pursuant to this chapter in which a 

temporary restraining order, preliminary injunction, or permanent injunc- 
tion is sought, it shall not be necessary to allege or prove at any stage of 
the proceeding that irreparable damage will occur should the temporary 
restraining order, preliminary injunction, or permanent injunction not be 
issued; or that  the remedy a t  law is inadequate, and the temporary 
restraining order, preliminary injunction, or permanent injunction shall 
issue without such allegations and without such proof. 
(Added by Stats.1972, c. 1236, p. 2388, 5 1, operative July 1, 1973.) 

Cross References 

Injunction, generally, see Civil Code 5 8420 et seq.; Code of Civil Procedure 0 525 et seq. 

< -  

9 25185. Inspections: samples: photographs: report of violations;. 

(a) In order to carry .out the purposes of this chapter, any duly 
authorized representative of the department or of the local health officer 
may, at any reasonable hour of the day, do any of the following: 

(1) Enter and inspect a factory, plant, construction site, waste disposal 
site, transfer station, establishment or any other place or environment 
where hazardous wastes are stored, handled, processed, disposed of, or 
being treated to recover resources. 

(2) Obtain from any individual authorized by the operator, or from the 
property of any person, as  defined in Section 25118, samples -of waste, 
including samples from any vehicle in which wastes are being transport- 
ed. However, upon request, split samples shall be given to the person 
from whom, or from whose property, such samples were obtained. 

(3) Stop and inspect any vehicle reasonably suspected of transporting 
hazardous wastes when accompanied by a uniformed police officer in a 
clearly marked vehicle. 
(4) Inspect and copy any records, .reports, test results, or other infor- 

mation required to carry out the provisions of this chapter, 
(5) Photograph any waste, waste container, waste container label, 

vehicle, waste treatment process, waste disposal site, or violation found 
during an inspection. 

(b) During the inspection, the inspector shall comply with all reasona- 
ble security, safety, and sanitation measures. In addition, the inspector 
shall comply with reasonable precautionary measures specified by the 
operator. 
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EXFORCEMEXT 

(e) A report listing any violations found during the inspection shall be 
prepared by the inspector and shall he kept on file in the department. A 
copy of the report shall be provided to the operator. 

(d) Whenever photographs have been taken pursuant to paragraph (6) 
of subdivision (a), the department shall comply with all procedures 
established pursuant to Section 25173 and shall notify the person Jvhose 
facility was photographed prior to public disclosure of such photographs, 
and, upon request of that person, shall submit a copy of any photograph 
to such person for the purpose of determining whether trade secret 
information, as defined in Section 25173, or facility security would be 
revealed by the photograph. “Public disclosure,” as used in this section, 
shall not include review of the photographs by a court of competent 
jurisdiction or an administrative law judge. Such review may be con- 
ducted in camera at the discretion of the court or judge. 

(e) “Local health officer,” as used in this section, means county health 

(Added by Srats.1972, c. 1236, p. 2388, § 1, operative July 1, 1973. Mended by 
Stats.1980, c. 878, p. 2758, § 10.) 

Historical Note 

The 1980 amendment rewrote the section 
which formeri>- read “The director or any 
duly authorized represeneative of the de- 
partment may at  any reasonable hour of the 
day, enter a factory, plant, construction chapter.” 

5 25185.5. Hazardous waste disposal land use; inspection of real 

In order to carry out the purposes of Article 11 (commencing with 
Section 232203, any duly authorized representative of the department 
may at any reasonable hour of the day, enter and inspect any real 
property which is within 2,000 feet of a deposit of hazardous waste or a 
hazardous waste property and do any of the following: 

site, waste disposal site, establishment or 
any environment where hazardous wastes 
are stored, handled, processed 01- disposed 
of, in order to carrJ-out the purposes of this 

(b) Set up and maintain monitoring equipment for the purpose of 
assessing or  measuring the actual or potential migration of hazardous 
wastes on or toward the land. 

(e) Survey and determine the topography and geology of the land. 
(d). Photograph any equipment, sample, activity, or environmental con- 

dition described in subdivision (a), (b), or (e) of this section. Such 
photographs shall be subject to the requirements of subdivision (d) of 
Section 251S5. 

(e) This section shall not apply to any hazardous waste Facility which 
is required to be permitted pursuant to this chapter 5nd which is subject 
to inspection pursuant to Section 25185. 
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(f) An inspector who inspects pursuant to this.section shall make a 

such inspection and shall provide split samples to the owner or represent- 
ative upon request and shall comply with the provisions of subdivision (b) 
of Section 25185. 
(Xdded by Stats.lPS0, c. 1161, p. 3900, § 5.) 

reasonable effort to inform the owner or his authorized represenVative of 
-2 

Cross References 

Hazardous waste or border zone prqiert?, easement to enter land, subject to this section, 
to monitor problems. see § 25230. 

9 251%. Grounds for suspension or revocation .of permit; public 

(a) The director, after a public hearing, may suspend or revoke any 
registration or permit issued pursuant to the provisions of this chapter 
based on any of the following: 

(1) A violation of any provision of this chapter or any applicable 
requirement promulgated by the department pursuant to this chapter. 

C2) The aiding or abetting the violation of any provision of this chapter 
or an>- requirement promulgated by the department pursuant to this 
chapter. 

(3) An act or omission associated with the transportation of hazardous 
wastes that could cause or allow hazard to public health or safety, 
domestic livestock, or wildlife. 

(4) The misrepresentation or omission of a significant fact either in the 
application for the registration or in information subsequently reported 
to the department. 

hearing 

( 5 )  Soncompliance with an order issued by the director. 
(b) In addition to the remedies provided in Section 25168.2, the director 

may temporarily suspend any certification of a truck, trailer, vacunm 
tank, cargo tank, or other container used to transport hazardous waste 
and may suspend the .registration of a hazardous waste hauler issued 
pursuant to the provisions of this chapter prior to any hearing when, in 
the director's opinion, that action is necessary to prevent an imminent 
and substantial danger to health or the environment. The director shall 
notify the holder of the certification or registration of the temporary 
suspension and the effective date thereof and, a t  the same time, shall 
serve the holder with an accusation. Upon receipt o f  a notice of defense 
to the accusation, the director shall set the matter for a hearing which 
shall be held as soon as possible, but not later than 10 days after receipt 
of the notice of defense. The temporary suspension shall remain in 
effect until the hearing is completed and the director has made a find1 
determination on the merits, which in any event shall be macle within 10 
days after the completion of the hearing. I f  the determination is not 
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transmitted within 10 days after the hearing is completed, the temporary 
suspension shall be of no further effect. 
(Added by Stats.1977, c. 1039, p. 3119, 5 29. Amended by Stats.1980, e. 848, p. 
2643, 5 3; Stats.1981, c. 766, p. 2931, 5 1, eff. Sept. 25, 1981: Stats.1982, e. 496, 
§ 9, eff. July 12, 1982.) 

Historical Sote 

The 1980 amendment designated the orig- The 1982 amendment substituted “that“ 
inal text as subd. (a): changed former or “the” for “such” where appropriate; 
subds. (a) to  (e) to be numbered paragraphs substituted “the holder” for “such person” 
of subd. (a); substituted in the introdilction preceding “with an 
of subd. (a) “revoke any registration or sentence of subd, (b); and deleted for. permit“ for “revoke any permit”; inserted 
in ca,ca .‘any provision ofthis mer sub& bX61, which preViOUS?v read: “A 
or”; and added subd. (b). violation of any provision contained in Part 

22 (commencing with Section 43001) of Divi- 
[see 19S2 amendment note]. sion 2 of the Revenue and Taxation Code.” 

8 25167. Violations; order specifying schedule for compliance or 

Whenever the director determines, after public hearing, that any 
person has violated or is in violation of any provision of this chapter, or  
any permit, rule, regulation, standard, or requirement issued or promul- 
gated pursuant to this chapter, the director may issue an order specify- 
ing a schedule for compliance or correction. An order issued pursuant to 
the provisions of this section may include a requirement that such person 
take corrective action with respect to hazardous waste, including the 
cleanup of such hazardous waste, abatement of the effects thereof, and 
any other necessary remedial action. Persons who are subject to an 
order pursuant to this section, upon proof of violation, include, but are 
not limited to present or prior owners, lessees, or operators of the 
property where the hazardous waste is located and  producers, transport- 
ers, or disposers of the hazardous waste. 
(Added by Stats.1977, e.  1039, p. 3149, § 30. Amended by Stdts.1980, c. 808, p. 
233 i ,  § I.) 

in the 

The lBgl amendment added 

correction 

Historical Sote  

The 1980 amendment rewrote the section 
which previously read 

“Whenever the director determines. after 
public hearing, that any person is in viola- 

§ 25187.5. 

tion of any requirement of this chapter, the 
director may issue an order specifying a 
schedule for compliance.” 

Corrective action by departmenk contracts; costs; im- 

(a) If corrective action is not taken on or before the date specified in 
an order issued pursuant to Section 25187, or if in the judgment of the 
department immediate corrective action is necessary to remedy or pr!- 
vent an imminent substantial danger to the public health, domestlc 
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livestock, wildlife, or  the environment, the department may take, or 
contract for the taking of, such corrective action and recover the cost 
thereof as provided in subdivision (e). 

(b) The department may expend up to one hundred thousand dollars 
($100,000) in a 12-month period of available moneys in the Hazardous 
Waste Control Account in the General Fund to take corrective action 
pursuant to  subdivision (a). Notwithstanding any other provision of law, 
the department may enter into written contracts for corrective action 
taken or to be taken pursuant to subdivision (a), and may enter into oral 
contracts, not to exceed two thousand dollars ($2,000) in obligation, when 
in the judgment of the department immediate corrective action is neces- 
sary to remedy or prevent an imminent substantial danger to the public 
health, domestic livestock, wildlife, or the environment. Such contracts, 
whether written or oral, may include provisions for the rental of tools or 
equipment, either with or without operators furnished, and for the 
furnishing of labor and materials necessary to accomplish the work. 
Any such contract by the department shall be exempt from approval by 
the Department of General Services pursuant to the provisions of Section 
14780 of the Government Code. 

(c) If corrective action is taken pursuant to subdivision (a), the person 
or persons who were subject to the order of the department issued 
pursuant to Section 25187, or any person or persons whose violation 
resulted in the imminent and substantial danger to health or the environ- 
ment shall be liable to the department for the reasonable cost actually 
incurred in taking corrective action. In addition, such person or persons 
shall be liable to the department for administrative costs in an amount 
equal to 10 percent of the reasonable cost actually incurred or five 
hundred dollars ($500), whichever is greater. The amount of cost deter- 
mined pursuant to this subdivision shall be recoverable in a civil action 
by the department, in addition to any .other fees or penalties. Persons 
who may be liable pursuant to this subdivision shall include, but not be 
limited to, present or prior owners, lessees, or operators of the property 
where the hazardous waste is located and producers, transporters or  
disposers of the hazardous waste. 

(d) .Seither the department, nor any person authorized by the depart- 
ment to enter upon any lands for the purpose of taking corrective action 
pursuant to subdivision (a) is liable to civil or criminal action for trespass 
for any acts which are necessary to carry out such corrective action. 

(e) This section does .not impose any new liability associated with, acts 
that occurred before January 1, 1981, if the acts were not in violation of 
existing law or regulations at the time they occurred. 
(Added by Stats.1980, c.  808, p. 2537, § 2.) 

--- 
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Library References 

Health and Environment C=Z5.5(3). 
C..I.S. Health and Environment $5 91 et 

seq.. 10fi et seq., 129 et.sfq. 
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:t 
:5 !E - 9 %ls8. Failure to  comply with schedule for  compliance; civil 
3 .  penalty 
8 -+ Any person subject t o  a schedule for compliance issued pursuant to  
i .. Y * Section '25187 who does not comply with that schedule shall be subject to 
7, 5 a civil penalty of not more than twentyfive thousand dollars ($25,000) 
,* _. x for each day of noncompliance. 
3 
Ft 

i..\dded by Stats.1977, e. 1039, p. 3149, S 31. Amended by Stats.1980, e. 876, p. 
Z4S, 5 1, eff. Sept. 10, 1980.) .. 
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§ 25189. 
(a) Any person who intentionally or negligently makes any false 

statement or representation in any application, label, manifest, record, 
report, permit, or other document filed, maintained, or used for purposes 
of compliance with this chapter, shall be liable for a civil penalty not to 
exceed twentyfive thousand dollars ($25,000) for each separate violation 
or, for continuing intentional violations, for each day that violation 

Intentional or  negligent acts; civil penalties 

continues. 4. (b) Except as provided in subdivision (e) or (d), any person who 
intentionally or negligently violates any provision of this chapter or any 
permit, rule, r e d a t i o n .  standard, or reauirement issued or promulgated . -  
pursuant to this chapter, shall be liable-for a civil penalty not to exceed 
twenty-five thousand dollars ($25,000) for each violation of a separate 
provision or, for continuing violations,. for each day that violation contin- 
ues. 

(e) Any person who intentionally disposes or causes the disposal of any 
hazardous or extremely hazardous waste a t  a point which is not authoriz- 
ed according to the provisions of this chapter shall be subject to ~a civil 
penalty of not less than one thousand dollars ($1,000) or more than 
twentyfive thousand dollars ($25,000) for each violation and may be 
ordered to disclose the fact of this violation or these violations to those 
persons as the court may direct. Each day on which the deposit remains 
and the person has knowledge thereof is a separate additional violation, 
unless the person immediately files a report of the deposit with the 
department and is complying with any order concerning the deposit 
issued by the director or a court of competent jurisdiction for the  
cleanup. 

(d) Any person who negligently disposes or causes the disposal of any 
hazardous or extremely hazardous waste a t  a point ivhich is not authoriz- 
ed according to the provisions of this chapter shall be subject to a civil 
penalty of not more than twenty-five thousand dollars ($25,000) for each 
violation and may be ordered to  disclose the fact of this violation or these 
riolations to those persons as the court may direct. Each day on which 
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the deposit remains and the person had knowledge thereoF is a separate 
additional violation, unless the person immediately files a report of the 
deposit with the department and is complying with any order concerning 
the deposit issued by the director or a court of competent jurisdiction - for 
the cleanup. 

(e) Each civil penalty imposed for any separate violation pursuant to 
this section shall be separate and in addition to any other civil penalty 
imposed pursuant to this section or any other provision of law. 
(.4dded by Stats.1977, c. 1039, p. 3149, § 31.1. Amended by Stats.1980, c. 8'76, p. 
2748, § 2, eff, Sept. 10, 1980; Stats.1982. e. 496, § 10, eff. July 12, 1982.) 

Historical Note 

The 1980 amendment rewrote the section The 1982 amendment increased the maxi- 
which formerly read: mum penalty from $5,000 to 525,000 in 

"Any person who intentionally or negli- subds. (a) and (b); added "or (dl" following 
gently does any of the following shall be "subdivision (c)" in subd. (b): deleted "or 
liable for a civil penalty not to eseeed five negligentl)-" fo[low.ing "intentionally" in the 
thousand dollars ($5,000): first sentence of subd. (e): added "or causes 

"(a) Disposes of any extremels hazard- the disposal" following "disposes" and."or 
ous waste listed pursuant to this chapter hazardous" following "hazanf- 
without having. obtained a permit therefor ous13 in subd, (c); inserted >yess than one 
from the department. thousand dollars ($1,000) or" following."civ- 

"(b) hIakes any false statenient or repre- il of n o t z i  in subd,, (c); substituted 
sentatinn in an)- application, Label, manifest, or ,athe.s for ~~~~~~s where appro- 
record. report, permit, or other document priate; inserted the current sub& (d); and fM. maintained. or used for purposes of designated former suhd. (d) as subd, (e). compliance with this chapter. 

"(c) Violates any permit, rule, regulation, 
standard, or requirement issued or promul- 
gnted pursuant to this chapter." 

Amendment of this section by 3 24 of 
Stdts.lli82, e. 89, failed to become operative 
under the provisions of 5 29 of that Act. 

3 25189.5. Disposal at facilities without permits o r  a t  unauthorized 

(a) The disposal of any hazardous or extremely hazardous waste, or 
the causing thereof, is prohibited when the disposal is a t  a facility which 
does not have.a  permit ,from the department issued pursuant to the 
provisions of this chapter, or a t  any point which is not authorized 
according to the provisions of this chapter. 

(b) Any person who is convicted of knowingly disposing of any hazard- 
ous or extremely hazardous waste or who causes any such waste t o  be 
disposed of at a facility which does not have a permit from the depart- 
ment issued pursuant to the provisions of this chapter, or a t  any point 
which is not authorized according to the provisions of this chapter shall, 
upon conviction, be punished by a fine of not less than five thousand 
dollars ($5,000) or more than fifty thousand dollars ($50,000) for each day 
of violation, or  by imprisonment in the county jail for not to exceed one 
year, or by both that fine and imprisonment. If the conviction is for a 
violation committed after the first conviction of the person under this 
section, the person shall be punished by iniprisonment in the state prison- 
for 16, 20, or 24 months, or by imprisonment in the county jail for not to 
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exceed one year, or by a fine of not less than five thousand dollars 
($5,000) or more than fifty thousand dollars ($50,000) per day of viola- 
tion, or by both that fine and imprisonment. 
(Added by Stats.1982, c. -196, § 11, eff. July 12, 1952.) 

Library References 

Health and Environment c??53[5). 
C.J.S. Health and Environment 53 91 et 

seq., 106 et seq., 131. 

8 25190. Repealed by Stats.1980, c. 876, p. 2749, § 3, eff. Sept. 10, 
1980 

Uiutorical Note 

The repealed se'etion, added br Stats. 
197i. e. 1039. p. 3150. 3 31.2. provided a 

8 25191. Acts subject to fine o r  imprisonment 
(a) Any person who knowingly does any of the following acts shall, 

upon conviction, be punished by a fine of not more than twenty-five 
thousand dollars ($25,000) for each day of violation, or by imprisonment 
in the county jail not to exceed one year, or by both the fine and. 
imprisonment. If the conviction is for a violation committed after a first 
conviction of the person under this section, the person shall be punished 
by imprisonment in the state prison for 16, 20, or 24 months, or in the 
county jail for not to exceed one year, or by a fine of not less than two 
thousand dollars ($2,000) or more than fifty thousand dollars ($50,000) 
per day of violation, or by both the fine and imprisonment: 

(1) Nakes any false statement or representat.ion in any application, 
label, manifest, record, report, permit, or  other document filed, main- 
tained, or used for the purposes of compliance with this chapter. 

(2) Has in his or her possession any record relating to the generation, 
storage, treatment, transportation. disposal, or handling of hazardous 
waste required to be maintained pursuant to this chapter, that has been 
altered or concealed, whether altered or concealed prior to January 1, 
1982. 

(3) Destroys, alters, or conceals any record relating to the generation, 
storage, treatment, transportation, disposal, or handling of hazardous 
waste required to be maintained pursuant to this chapter. 

(4) Withholds information regarding a real and substantial danger to 
the public health or safety when such information has been requested by 
the department in writing and is required to carry out the department's 
responsibilities pursuant to this chapter in response to a real and 
substantial danger. 

(5)  Engages in the transporcation of hazardous waste in violation of 
subdivisions (a) or (d) of Section 25163. 

civil penalty for a knowing disposal of haz- 
ardous waste at  an unauthorized paint. 
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(b) The penalties imposed by subdivision (a) on any person who com- 
mits any of the acts specified in paragraph (5) of that subdivision shall be 
imposed only on the owner of the vehicle in which the hazardous wastes 
are unlawfully transported, carried, or handled or  on the person who 
authorizes the transporting, carrying, or handling, and shall not be 
imposed on the driver of the vehicle, unless the driver is also the owner 
of the vehicle or authorized the transporting, carrying, or  handling. 

(e) Any person who knowingly does any of the following acts shall, 
upon conviction, be punished by a fine of not mote than five hundred 
dollars (S.500) for each day of violation, or by imprisonment in the county 
jail for not .to exceed six months, or both the fine and imprisonment: 

(1) Transports, or authorizes the transportation of, hazardous waste in 
a truck, trailer, semitrailer, vacuum tank, cargo tank, or container which 
does not contain a current certificate of compliance, as specified in 
Section 25168.3. 

(2) Carries or handles, or authorizes the carrying or handling of, 
hazardous waste without having in the driver's possession the list 
specified in Section 25160. 

Whenever any person is prosecuted for a violation pursuant to this 
subdivision the court may, on the request of the person, take appropriate 
steps to make the owner or lessee of the vehicle in which the hazardous 
wastes are unlawfully transported, carried, or handled, the driver of the 
vehicle, or  any other person who authorized or directed the loading, 
maintenance, or operation of the vehicle, a codefendant or codefendants. 
If the codefendant or codefendants are held solely responsible and found 
guilty, the court may dismiss the charge against the person who was 
initially so charged. 

(d) Any person who knowingly does any of the following acts shall, 
upon conviction, be punished by a fine of not less than two thousand 
dollars ($2,000) or more than fifty thousand dollars ($50,000) for each day 
of violation, or by imprisonment in the county jail not to exceed one year, 
or by both the fine and imprisonment. If the conviction is for a violation 
committed after a first conviction of the person under this section, the 
person shall be punished by imprisonment in the state prison for 16, 20, 
or  24 months, or in the county jail for not to exceed one year, or by a fine 
of not less than five thousand dollars ($5,000) or more than fifty 
thousand dollars ($50,000) per day of violation, .or by both the fine and 
imprisonment. 

(1) Transports any hazardous waste to a facility which does not have a 
permit from the department issued pursuant to this chapter, or to any 
point which is not authorized according to this chapter. 

(2) Treats or stores any hazardous waste at a facility which does not 
have a permit from the department.issued pursuant to this chapter, or at 
any point: which is not authorized according to this chapter. 
(Added by Stats.1977, c.  1039, p.,;150, § 31.3. Amended by Stats.1980, c. 873, p. 
2734, 5 1; Stats.1980, c. 876, p. 2f49, 5 4, eff. Sept.  .lo, 1980; Stats.lSS2, e. 49G; 
§ E, eff .  J u l y  12, 1PS2; Stats.1983, c, 79S, 5 2.) 
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Historic 

The 19SO amendment. by e. 876, 5 4, re- 
wrote the section which formerly r ead  

“Any person who knowingly disposes of 
an j  hazardous waste a t  a point which is not 
authorized according to the provisions of 
this chapter shall be subject to a fine of not 
more than twenty-five thousand dollars 
($25,000) for each violation, or to imprison- 
ment not to exceed one year, or both, and 
may be required to disclose the fact of this 
violation to such persons as the court may 
direct.” 

Effect of amendment of section by two or 
more acts a t  the same session of the legisla- 
ture, see Government Code § 9605. 

The 1982 amendment.rewrote the section, 
which prior to the amendment, r ead  

“Any person who knowingly does an- of 
the following acts shall, upon conviction, be 
punished by a fine of not more than twenty 
five thousand dollars ($25,000) for each daj- 
of violation, or by imprisonment in the coun- 
ty jail not to exceed one year, or both such 
fine and imprisonment. If the conviction is 
for a violation committed after a first con- 
viction of such person under this section, 
such person shall be punished hy imprison- 
ment in the state prison for 16, 20, or 24 
months, or in the county jail for not to 
exceed one year, or by a fine of not more 
than fifty thousand dollars (g50,OOO) per 
day of violation, or by both such fine and . .  

a1 Note 

the department issued pursuant to this 
chapter, or to any point which is not autho- 
rized according to the provisions of this 
chapter. 

“(b) Treats, stores, or disposes of any 
hazardous waste at a facility which does not 
have a permit from the department issued 
pursuant to the provisions of this chapter, 
or a t  any point which is not authorized 
according to the provisions of this chapter. 

“(e) ,%fakes any false statement or repre- 
sentation in any application, label, manifest, 
record, report, permit, or other document 
filed, maintained, or used for the purposes 
of compliance with this chapter. 

“(d) Withholds information regarding a 
real and substantial danger to the public 
health or safety when such information has 
been requested by the department in writ- 
ing and is required to carry out the depdrt- 
ment’s responsibilities pursuant to the pro- 
visions of this chapter in response to a real 
and substantial danger.” 

Amendment of this section by 0 25 of 
Stats.1982, e. 89, failed to become operatire 
under the provisions of § 30 of that Act. 

The 1983 amendment substituted “the” 
for “such” throughout the section: suhsti- 
tuted in subd. (a)(4) “pursuant to this chap- 
ter” for “pursuant to the provisions of this 
chapter”; added subd. (B)(5;; added subds. 
Ib) and IC): relettered suhd. Ihl to be subd. Imprisonment. 

“(a) Transports any hazardous waste to a 
facility which does not have a permit from 

id); and in subd. (d)(l) and i2) substituted 
“to this chapter” for “to the provisions of 
this chapter”. 

§ 25191.7. Information materially contributing to imposition of 
civil and criminal penalties; rewards to  informants; 
amount: regulations 

(a) Any person who provides information which materially contributes 
to the imposition of a civil penalty against any person for violating the 
provisions of subdivision (a), (b), or (e) of Section 25189, shall be paid a 
reward by the department pursuant to regulations adopted by the 
department under subdivision (f), equal to 10 percent of the amount of 
the civil penalty collected by the department pursuant to subdivision (a), 
(h), or (e) of Section 25189 and deposited in the Hazardous Waste Control 
Account pursuant to Section 25192. No reward paid pursuant to this 
subdivision shall exceed five thousand dollars ($5,000). 

(h) Any person who provides information which materially contributes 
to the conviction of a person for violating the provisions of subdivision 
(a), (b), or (e) of Section 25191 shall be paid a reward by the county 
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pursuant to regulations adopted by the department under subdivision (f), 

subdivision (a), (b), or (c) of Section 25191 and deposited in the county 
treasury pursuant to Section 1463 of the Penal Code. No reward paid 
pursuant to this subdivision shall exceed five thousand dollars ($5,000). 

(c) No informant shall be eligible for a reward for a violation known to 
the department, unless the information materially conti-ibutes to .the 
imposition of criminal or civil penalties for a violation specified in this 
section. 

(d) If there is more than one informant for a single violation, the first 
notification received by the department shall be eligible for the reward. 
If the notifications are postmarked on the same day or telephoned 
notifications are received on the same day, the reward shall be divided 
equally among those informants. 

(e) Public officers and employees of the United States, the State of 
California, or counties and cities in California, shall not be eligible for the 
reward pursuant to subdivision (a) or (b), unless reporting those viola- 
tions does not relate in any manner to their responsibilities as public 
officers or employees. 

(f) On or before July 1, 1982, the department shall adopt regulations 
which establish procedures for the receipt and review of claims for 
payment of rewards and for the determination of the material contribu- 
tion by the information furnished to the imposition of civil or criminal 
penalties for a violation specified in this section. In each case brought 
under subdivision (a) the department shall determine whether the infor- 
mation materially contributes to the imposition of civil or  criminal 
penalties for violations specified in this section. In .each case brought 
under subdivision (b) the county shall determine whether the information 

violations specified in this section. 
(9) On or before April 1, 1982, and continuing thereafter, the depart- 

ment shall publicize the availability of the rewards pursuant to this 
section for persons who provide information pursuant to subdivision (a) 
or (b). 

(h) Claims may be submitted only for those referrals made on or after 
January 1, 1982. 
(Added by Stats.1982, e.  93, 5 1.) 

equal to 10 percent of the amount of the fine collected pursuant to *%. 

materially contributes to ,the imposition of civil or criminal penalties for , 

. .  
1,ibisry References 

Rewards a ' h .  
C.J.S. Rewards 64 1 to 3. 

5 25192. Penalties; deposit; appropriation 
Penalties collected pursuant to this chapter shall be paid to the 

Hazardous Waste Control Account in the General Fund. Funds deposit- 
ed in such account are continuously appropriated for espenditure withont 
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§ 23193 

regard to fiscal years to the State Department of Health Services to 
carry out the provisions of this chapter. If civil penalties are awarded 
and the action is brought by a city attorney or district attorney, the 
department, upon payment of the penalty, shall pay the city or county an 
amount which shall be equal to the actual cost incurred by the office of 
the city attorney or  district attorney for prosecuting the case for which 
the penalty was awarded, one-half of the penalty awarded, or one-half 
the amount of any civil penalty awarded and remaining after deducting 
the amount paid pursuant to subdivision (a) of Section 25191.7, whichever 
is less. If no penalty is awarded or paid, or  both, the state shall have no 
obligation to make any payment to the city or county. If the actual cost 
incurred by the office of the city attorney or district attorney for 
prosecriting the case was less than one-half the penalty awarded or less 
than one-half of any civil penalty awarded and remaining after deducting 
the amount paid pursuant to subdivision (a) of Section 25191.7, whichever 
is greater, the department shall use funds in an amount equal to the 
monetary difference between such actual cost and one-half such penalry 
to partially fund activity of local health officers to enforce the provisions 
of this chapter pursuant to Section 25180. 
(Added by Stats.1977, e. 1039, p. 3150, § 32. Amended by Stats 1980, c. 804, p. 
2533, § 4; Stats.1982, c. 93, 5 2.) 

Historical Note 

The 1980 amendment rewrote the section 
which, as added, read 

"Fees and penalties collected pursuant to 
this chapter shall be deposited in the Haz- 
ardous Waste Control Account in the Gener- 
al Fund. Fees collected pursuant to Section 
25174. shall not esceed the amount neces- 
sary to cover all costs incurred in the ad- 
ministration of this chapter. Commencing 
with fiscal year 197&79, expenditures from 
this account shall be included in the budget 
submitted to the Legislature." 

The 1982 amendment substituted, in the 
third sentence followiltg "penalty WE. 

8 25193. Cumulative remedies 

awdrded', "one-half of the penalty awarded 
or one-half the amount of any civil penalty 
awarded and remaining after deducting the 
amount paid pursuant to snbd. (a) of Sec- 
tion 25191.7, whichever is less" for "or one- 
half the penalty asarded, whichever is 
less"; and, in the fifth sentence, follo!ving 
the words "case was less than", substituted 
"one-halE the penalty aivarded or less than 
one-half of any civil penalty awarded and 
remaining after deducting the amount paid 
pursusyt to Subdivision (a) of Section 
25191.7, rvhieherer is greater" for "half the 
penalty awarded". 

The remedies provided by this chapter are cumulative, and shall not be 
construed as restricting any remedy, provisional or otherwise, provided 
by law for the benefit of any party, and no judgment under this chapter 
shall preclude any party from obtaining additional relief based .upon the 
same facts. 
tAdded by Sists.1980, c. S76, p. 2i49, 5 5, eff. Sept. l o>  1980.) 
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Library References 

C.J.S. Health and Environment 44 2 to 6,  
40, 44 ta 47, 62 to 64, 106, 125, 128, 130, 
132, 137. 

8 25194. Abatement of action 
Any action brought by or for the director pursuant to this chapter 

against a person shall not abate by reason of a sale or other transfer of 
ownership, except with the express written consent of the director. 
(Added by Stats.1980, e.  876, p. 2749, § 6, eff. Sept. 10, 1980.) 

§ 25194.5. Withdrawal of application for permit; suspension, expi- 
ration or forfeiture of permit; effect 

(a) The withdrawal of an application for a permit for a facility that has 
treated, stored, or disposed of hazardous waste after it has been filed 
with the department shall not, unless the department consents in writing 
to such withdrawal, deprive the department of its authority to institute 
or continue a proceeding against the applicant for the denial of the 
permit upon any ground provided by law or to enter an order denying the 
permit upon any such ground, and such a withdrawal shall not affect the 
authority of the department .to institute or continue a proceeding against 
the applicant pertaining to any violation of this chapter or any rule, 0 . .  regulation, : standard, or  requirement issued or promulgated pursuant to 
this chapter. 

(b) The suspension, expiration, or forfeiture by operation of law of a 
permit issued by the department, or its suspension, forfeiture, or cancel- 
lation by order of the department or by order of a court, or its surrender 
or  attempted or actual transfer without the written consent of the 
department shall not deprive the department of its authority to institute 
or continue a disciplinary proceeding against the holder of a permit upon 
any ground, or of its authority to enter an order suspending or revolting 
the permit, or otherwise taking an action against the holder or  a permit 
on any such ground. 
(Added by StatS.1980, e: 876, p. 2749, 5 7, eff. Sept. 10, 1980.) 

Library References 

Health and Environment C..25.56). 
C.J.S. Health and Environment 55 91 et 

seq., IO6 e t  seq.. 191. 

§ 25195. Acts constituting misdemeanors 
It is a misdemeanor for any person to do any .of the following: 
(a) Willfully prevent,.interfere with, or attempt to impede in any way 

the,work of any duly authorized representative of the department in the 
lawful enforcement of 'any provision of .this chapter. 
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(b) Willfully prevent or attempt to prevent any such representative 
from examining any relevant books or records in the conduct of his or 
her official duties under this chapter. 

(e) Willfully prevent or interfere with any such representative in the 
preserving of evidence of any violation of any of the provisions of this 
chapter or of the rules and regulations promulgated pursuant to this 
chapter. 
(Added by Stats.1980, c. 878, p. 2759, § 11.) 

Cross References 

Nlsdemezmor, generally, see Penal Code §§ 17, 19, 19a 

Library References 

Health and Enrironment -3.37. 
C..J.S. Health and Enrironment §§ 48, 

113, 114, 141, 1.13. 148, 149, 155. 

5 25196. Hazardous waste disposal land use; civil penalty 
Any person who knowingly violates a provision of subdivision (a) of 

Section 25221 or subdivision (a) or (b) of Section 25232 shall be subject to 
a civil penalty not to exceed 25 percent of the fair market value of the 
land and improvements, 25 percent of the sale price of the land and 
improvements, or fifty thousand dollars ($50,000), whichever has been 
established and is greatest. 
(Added by Stats.1980. c. 1161, p. 3901, § 6.) 

Article 8.5 

HAZARDOLfS WASTE TESTING LABORATORIES 
Section 
'5198. 

25198.2. 

2j198.3. 

2.5 198.4. 
25198.5. 
25198.(i. 
25198.7. 

Analysis of material; certified laboratory; laboratory certification by 

Regulations for certification, certification process, and analysis and 

Form of application for certification; issuance and term of certificate; 

Suspension. revocation, or denial of certificate. 
Inspections; proficiency test samples. 
Publication of list of certified laboratories. 
Fees. 

another state or a federal agency; operative date of section. 

identity of waste samples. 

recertification. 

Article 8.5 was ciddetl by Stuts.1982, e. 1209, § 2. 
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8 25198. Analysis of material; certified laboratory; laboratory eer- 
tification by another state or a federal agency; o p e r e  
tive date of section 

(a) The analysis of any material required by this chapter shall be 
performed by a laboratory certified by the department to be competent 
and equipped to  conduct the specific type of analysis to be performed. 

(b) The department may accept a laboratory certification for a hazard- 
ous waste or hazardous materials analysis issued by an agency of 
another state or the federal government in lieu of its own if the 
requirements of that certification program are no less stringent than the 
requirements of the certification program established by this article. 
With prior written approval of the department, this section may be 
waived when no laboratory is certified to perform the type of analysis 
required under this chapter or the regulations adopted pursuant to this 
chapter or when the department determines that a certified laboratory is 
unavailable to perform the analysis within a reasonable time. 

(c) This section shall become operative one year after the effective 
date of the regulations adopted pursuant to Section 25198.2. 
(Added by Stats.1982, c. 1209, 5 2.) 

Operative one year after effective date of regulations. 
adopted pxrsuant  to § 25198.2. 

Library References 

Health and Environment *25.5(5). 
C.J.S. Health and Environment §§ 91 et 

seq., I O f i  et seq., 131. 

5 25198.2. Regulations for certification, certification process, and  
analysis and identity of waste samples 

(a) The department shall adopt regulations governing the criteria for 
certification, the certification process, and the procedures to be used by 
hazardous waste laboratories to analyze and identify waste samples. 

(b) The regulations shall include minimum standards for the following: 
(1) Types of tests to be performed. 
(2) Quality assurance programs. 
(3) Equipment. 
(4) Methods. 
(5) Personnel qualifications. 
(6) Any additional requirements, not inconsistent with this chapter, as 

may be necessary to carry out the provisions of this chapter- 
(c) Whenever feasible, the tests and laboratory procedures adopted by 

the department pursuant tu subdivision (b) shall either be tests and 
procedures recognized and endorsed by professional, standard-setting or 
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§ 25198.5 

regulatory organizations, or shall be speci€ic tests and laboratory proce- 
dures developed by the department. 
(Added by Stats.1982, c. 1209, § 2.) 

9 25198.3. Form of application for  certification; issuance and term 

Application for certification shall be made on forms approved by the 
department. The department shall-issue a certificate valid for two years 
from the date of issue to a laboratory when the department determines 
that the laboratory is competent and equipped to conduct the type of 
analysis and identification for which certification is sought. A laborato- 
ry shall apply for recertification every two years on forms approved by 
the department. An application for recertification shall be granted or 
denied according to the criteria established for original certification. 
(Added by Stats.1982, e.  1209, 5 2.) 

of certificate; recertification 

8 25198.4. Suspension, revocation, or  denial of certificate 

determination of either of the following: 

waste analysis and identification. 

regulation adopted pursuant to this chapter. 
(Added by Stats.1982, e. 1209, 5 2.) 

The department may sispend, revoke, or deny a certificate upon its 

(a) The laboratory is not competent or equipped to conduct hazardous 

(b) The laboratory has violated provisions of this chapter or any 

§ 25198.5. 
(a) In order to  carry out the purpose of this article, any duly authoriz- 

ed representative of the department"may, during the regular business 
hours of the laboratory, do any of the following: 

(1) Enter and inspect a laboratory which is certified under this.~article 
or which has applied for certification. . .' 

(2) Inspect and copy any records, reports, test results, or  other infor- 
mation required to carry out the provisions of this article. 

(3) Photograph any waste, waste container, waste container label, 
equipment, waste identification process, 'o r  violation found during an 
inspection. 

(b) AI) records, test results, photographs, or other information gath- 
ered by the department pursuant to subdivision (a) shall be subject to the 
same procedures the department establishes pursuant to Section 25173 to 
protect trade secrets. 

(e) The department may submit proficiency test samples to a laborato- 
ry which is certified or has applied for certification under this article. 
The sample shall be tested in the manner specified by regulations 

Inspections; proficiency test samples 
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adopted pursuant to this chapter. The results of the tests shall be sent 
to the department in writing within 60 days after receiving the sample. 

section. 
(Added by Stats.1982, e. 1209, § 2.) 

The department shall not be charged any fee for testing under this -m 

.-. 5 25198.6. Publication of list of Certified laboratories 
The department may publish a list of laboratories certified under this 

article, including the specific tests or grocedures for which the laborato- 
ry is certified. ... 

(Added by Stats.1982, c. 1209, § 2.) 

§ 25198.7. Fees 
(a) Each laboratory initially applying fo r  certification pursuant to this 

article shall pay to the department an application fee of six hundred 
dollars ($600). - 

(b) Each laboratory certified pursuant to  this article shall pay an 
annual certification fee of five hundred dollars ($500), commencing one 
year after the date of the laboratory‘s initial application for certification. 

(c) Fees collected under this section shall be adjusted annually, as  
specified in Section 113. 

(d) If a laboratory fails to pay the annual certification fee, the certifi- 
cate of the laboratory shall expire. 

(e) No certification fee shall be required for any laboratory operated 
by the state or any state agency, or by a district, city, county, or city and  
county or any agency of a district, city, county, ,or city and county. 

(f) Fees collected pursuant to this section shall be paid to the Hazard- 
ous Waste Control Account in the General Fund. 
(Added by Stats.1982, c. 1209, § 2.) 

0 ’ 

Article 9 
PERMITTING OF FACILITIES 

Section 
25200. Authority; standards and requirements. 
25200.5. Interim status. 
2*5201. Hazardous waste facilities permit: prerequisite to extended treatment 

25201.2. Failure to displav certificate of comriliance with inspection: dutv to 
or storage of hazardous wastes. 

. .  
report. 

25202. Validity of permit; conditions. 
25202.5. Restrictive coverrants; land use; execution and recording; enforce - 

ment. 

ments; requests; execution and recording of agreement. 
426 

25202.6. Modification or removal of restrictive covenants, provisions or state- 

Article 



a‘ PERMITTIKG OF FACILITIES § 25200.5 
$ *  Ch. 6.3 

Section 2 .  

23’2W.i. Review of departmental decision concerning restrictive covenants. 

~.3L‘;04. Refusal to issue permit or license. 
2 3 2 K  Financial assurances by operators; limitations, requirements and 

Article 9 was added by  Stats.1977, c. 1039, p .  3150, § 33. 

,: , 
.i: .l. - S O 3 .  1 Unlawful disposition of hazardous waste. 

water quality determinations of state and regional. boards. 
5 
$ 
5. 
d 

g k 

8 25200. Authority: standards and requirements 
The department shall issue hazardous waste facilities permits to use 

and operate facilities which in the judgment of the department meet the 
building standards published in the State Building Standards Code relat- 
ing to hazardous waste facilities and the other standards and require- 
ments adopted pursuant to this chapter. The department may impose, as 
a condition of the permit, the requirement that the operator of a 
hazardous waste facility which receives hazardous waste from more than 
one producer shall comply with any order of the director which prohibits 
the facility operator from refusing to accept a hazardous waste based on 
geographical origin which is authorized to be accepted and may be 

a g: 
.% 
j.? J, 

4 
% 

f .i ’ accepted by the facility without extraordinary hazard. 

j 
2 

(.Added by StaCs.1977, e. 1039, p. 3160, 5 33. Amended by Stats.1978, c. 1397, p. 
-1623, § 13; Stats.1979, e. 1152, p. 4311, § 193; Stats.1980, c. 269, p. 532, § 1.) 

E 

Historical Note 

$ ‘i? k 
d ivordr ”hazardous waste facilities”. 

The 1978 amendment inserted in the first 
sentence preceding the word “permits” the 

The 1979 amendment inserted in the first 
sentence, following “department meet the”, 

the State Building Standards Code relating 
to hazardous waste iaeilities and the other”. 

The 1’380 amendment substituted, at the 
end of the first sentence, the wards “this 
chapter” for “Section 25150’’ and added the 

$0 
:* 

6 g the words “building standards’ published in second sentence. .- 

§ 25200.5. Interim status 
(a) Any person who desires to continue use or operation of a hazard- 

ous waste facility pending the review and decision of the department on 
the permit application, may be granted interim status by the department 
provided that the person has made application for a permit pursuant to 
Section 25200. 

(b) The person operating under an interim status pursuant to this 
section shall not do any of the following acts: 
(1) Treat, store, or dispose of hazardous wastes which are not identi- 

fied. 
(2) Employ processes not described in the permit application. 
( 3 )  Make substantial modifications o r  additions to the facility. 
( e )  A facility operating under interim status is not subject to civil or 

criminal penalties for operating without a permjt, but is otherwise 
subject to the provisions of this chapter and the rules, regulations, 
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standards, and requirements issued or promulgated pursuant to the 
provisions of this chapter. Interim status may be granted subject to any 
conditions which the department deems necessary to protect public 
health or the environment. Interim slatiis shall not be valid beyond the 
date of the decision of the department on the permit application. 

(d) The department shall not grant interim status to any person xho 
has been-denied a hazardous waste facility permit or who has had a 
hazardous waste facility permit suspended or revolted. 
(Added by Stats.1960, c. 8‘76, p. 2’750, 5 8, eff. Sept. 10, 1980.) 

i 

; -  

. ”  

Library References 

Health and Environment *25.5(5). 
C.J.S. Health and Environment +§ 91 et 

seq., 106 et seq., 131 

8 25201. Hazardous waste facilities permit; prerequisite to extend- 
ed treatment or storage of hazardous wastes 

No operator of a treatment facility, waste transfer station, waste 
storage area, resource recovery facility, or waste disposal site shall 
accept, treat, store for more than 90 days a t  an onsite facility or 96 hours 
a t  an offsite facility, or dispose of a hazardous waste at the facility, 
station, area, or site, unless the operator holds a hazardous vas te  
facilities permit from the department to use and operate the facility, 
station, area, or site. 
(Added by Stats.1977, c. 1039, p. 3150, 5 33. Amended by Stats.1978, c. 1397, p. 
4623, § 14; Stats.1980, e. 878, p. 2759, § 12; Stats.1982, c. 1121, 5 7.) 

0 

Historical Note 

The 1978 amendment substituted “valid 
hazardous waste facilities permit” for “val- 
id permit” [see 19x2 amendment note]. 

The 1980 amendment substituted “accept, 
treat, store for more than sixty days, or 
dispose of a hazardous waste a t  such facili- 
ty. station. area, or site unless the operator 
holds a hazardous waste facilities permit” 
for “accept or dispose of hazardous waste 
iunless the operator holds a valid 1iaz;irduus 
waste facilities permit” [see 1992 amend- 
ment note]. 

The 1982 amendment rewrote the section, 
which as last amended in  1980, read: 

“Tliree months after the department 
adopts standards and requirements purju- 
ant to Section 25150. no operator of a treat- 
ment f;icility, waste transfer station, waste 
storage are?., resource recocery facility, or 
waste disposal site shall accept, treat, store 
for more than sixty days, or dispose o f  a 
hamdous  waste at such ficility, station. 
area, or site unless the operator holds a 
hazardous waste facilities permit froni the 
department to use and operate such facility, 
station. or site.” 

Legislative findings. declarations, and in- 
tent concerning Stats. 1 W  e. 1121. see 
Historical Note under 5 25lli.11, 
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9 25201.2. Failure to  display certificate of compliance with inspec- 

Any operator of a treatment facility, waste transfer station, waste 
storage area, resource recovery facility or waste disposal site or any 
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§ 25202.5 

other person who accepts hazardous waste from a vacuum truck, trailer, 
semitrailer, or container failing to display a valid certificate of compli- 
a w e  as provided in Section 25168.3, shall report the incident to the State 
Department of Health Services, as required by the department. 
(Added by Stats.1979. C. 1097, p. 3966, § 4. Amended by Stats.lSS0, e .  1112, p. 
3578, § 9.) 

Historical Note 

The 1980 amendment added "semitrail- 
er*'. 

§ 25202. Validity of permit; conditions 
Compliance with conditions on the hazardous waste facilities permit 

and with regulations adopted by the department pursuant to this chapter 
shall be required to sustain the validity of such permit. The department 
shall impose conditions on such permit, specifying the types of hazardous 
\Tastes which may be accepted for treatment or disposal, special operat- 
ing conditions, requirements for evidence of financial responsibility for 
liabilities which may be incurred in the operation of the facility, provision 
of bond or other sureties to corer the costs of monitoring, maintaining, 
and closing the facility, and of postclosure security, and changes in the 
operation of the permitted facility necessary to comply with the regula- 
tions promulgated pursuant to ,this chapter. The department may im- 
pose other conditions on such permit which are consistent with the intent 
of this chapter. 
(Added by Stats.197'7, e. 1039, p. 3151, 5 33. Amended by Stats.1978, e.  1397, p. 
4623, § 15; Stats.1980, c. 259, p. 532, § 2; Stats.1992, e. 89, § 26, eff. March 2, 
1982.) 

Historical Sote  

The 1978 amendment inserted in the first 
sentence preceding the first use of the word 
"permit", "hazardous waste f;~cilities"; in- 
serted "such" for "the" preceding "permit" 
in the first and second sentences; and in 
the second sentence substituted "require- 
ment" for "requirements" (see 19EO amend- 
ment note). 

The 1980 amendment substituted, at the 
elid of the second sentence, "psrmitted Ea- 
cility necessary to comply with the regula- 
tions promulgated pursuant to this chapter" 
for "permittee necessary to comply with the 

requirement promulgated p u r s a u t  to this 
chapter". 

The 1982 amendment rewrote the second 
sentence, which as last amended in 1980, 
read: 

"The deliartrnent m+t impose conditions 
on such permit, including. but not limited 
to, the types of haz:irdous wastes which 
may be accepted or disposed of, special 
operating conditions, and changes in the 
operation of the permitted facility neees- 
sary to comply with the regulations promul- 
gated pursuant to this chagter."; and added 
the third sentence. 

9 25202.5. Restrictive covenants; land use; execution and record- 

In addition to any other condition of a hazardous waste facilities 
permit imposed by the department pursuant to this chapter, the depart- 
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ment may impose a requirement for the esecntion and recording of a . written instrument which imposes a restrictive covenant upon the 
present and future uses of all or part of the land on which the hazardous 
waste facility subject to the permit is located and on all or part of any 
adjacent land held by, or  for the beneficial use of, the owners of the land 
on which the hazardous waste facility subject to the permit is located. 
Such restrictive covenant shall be no more restrictive than needed, as  
determined by the department, .to protect the present or future public 
health and safety and shall not place any restriction on any such land 
that limits the use, modification, or expansion of an existing industrial or 
manufacturing facility or complex. Such an instrument shall be exe- : 
cuted by all of the owners of such land and by the director, shall 
particularly describe the real property affected by the instrument, and 
shall be recorded by the ownel- in the county in which the land is located 
within 10 days of the date of execution. The covenant .shall state that 
the land described in the instrument has been, or will be, the site of a 
hazardous waste facility or is adjacent to the site of such a facility, and 
may impose such use restrictions as the department deems necessary to. 
protect the present or future public ‘health. Such restrictions may 
include restrictions upon activities on, over, or under the land, including, 
but not limited to, a prohibition against building, filling, grading, exca- 
vating, or mining without the written permission of the director. A 
certified copy of the recorded covenant shall be sent to the department 
upon recordation. Notwithstanding any other provision of law, except as 
provided in Section 25202.6, a covenant executed pursuant to this section 
shall run with the land from the date of recordation and shall be binding 
upon all of the owners of the land, their heirs, successors, and assignees, 
and the agents, employees, and lessees OF such owners, heirs, successors, 
and assignees. The covenant shall be enforceable by the department 
pursuant to Article 8 (commencing with Section 25180). 
(Added by Stats.1980, c. 655, p. 1832, § 1.) 

_I 

. . 

’ . 

* 

Cross References 

Covenants adopted as enforceable restrictions subject to Revenue and Taxation Code 

Technical requirements for recording, see § 25235, 
5 W2.1. see.5 25240. 

Library References 

Health and Environment C=25.5(3). 
C.J.S. Health and Environment 55 81 et  

seq.. 106 et  seq., 129 et.seq. 
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ant to Section 25202.5, may make a written request o f  the department to 
remove such covenant, provision, or statement. Upon receipt of such a 
request and supporting material, the department shall promptly review 
the need for such covenant, provision, or statement and, when appropri- 
ate, and after a public hearing, shall agree to modify or remove such 
covenant, provision, or statement to make certain that it continues to be 
no more restrictive than necessary to protect the public health and 
safety. When the department agrees to modify or 'remove such a 
covenant, provision, or statement, the director and all of the owners of 
such land shall execute an instrument that reflects such agreement, shall 
particularly describe the real property affected by the instrument, and 
the owner shall record the instrument in the county in which such land is 
located within 10 days of the date of execution. 
(Added by Stats.1980, e. 655, p. 1833, § 2.) 

8 25202.7. Review of departmental decisions concerning restrictive 

Any decision of the department pursuant to either Section 23202.5 or 
Section 25202.6 shall be subject to review by a court of competent 
jurisdiction as provided in Section 1094.5 of the Code of Civil Procedure 
and shall be upheld if the court finds the decision is supported by 
substantial evidence. 
(Added by Stats.1980, c. 655, p. 1833, § 3.) 

covenants 

8 25203. Unlawful disposition of hazardous waste 
Three months after the department.adopts standards and requirements 

pursuant to Section 25150, it shall be unlawful for any person to dispose 
of a hazardous waste except a t  a disposal site or facility of an operator 
who holds a valid hazardous waste facilities permit from the department 
to use and operate such site or facility. 
(Added by Stats.1977, c. 1039, p. 3151, 5 33. Amended by Stats.1978, c. 1397, p. 
4624, 9 16.) 

Historical iiote 

The 1978 amendment substituted "valid 
hazardous waste facilities permit" for "val- 
id permit". 

Cross References 
Unlawful disposition of hazardous waste, time period commencing after adoption of 

standards and requirernents pursuant to this section, see 5 Z.iZ03. 

5 25204. Refusal to  issue permit or license 
Notwithstanding any other provision of law, no state agency may 

refuse to issue a permit or license for a hazardous waste facility on the 
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grounds that the applicant has not been granted a local land use permit; 
provided, however, that in issuing the permit or  license the state agency 
may provide that the permit or license shall not become effective until 
the applicant is granted a local land use permit. 
(Added by Stats.1980, e. 877, p. 2756, § 4.) 

Historieal Note 

Former 9 25204, added by Stats.1977, e. 
1039, p. 3151, § 33, which allowed permits 
issued by the department or county health 
entity, which contained requirements that 

the department specified, to satisfy require- 
ments for permit under this article, was 
repealed by Stats.lWS, c. 1397, p. 4621. 
5 17. 

Library References 

Health and Environment&=25.5(5). 
C.J.S. Health and Environment §§ 91 et 

seq., 106 e t  seq., 131. 

5 25205. Financial assurances by operators; limitations, require- 
ments and water quality determinations of state and 
regional boards 

(a) The department shall not issue, renew, or continue a permit to 
operate a hazardous waste facility unless the operator of the facility 
establishes and maintains the financial assurance prescribed pursuant to 
Section 25245. With respect to the continuation of an existing permit, 
the department shall allow a period of a t  least six months from the 
effective date of regulations relating to financial assurances adopted 
pursuant to Section 25245 for the operator to  obtain the prescribed 
financial assurances. 

(b) The department shall not issue a permit for, or take any other 
approval action regarding, a hazardous waste facility in conflict with any 
determination relating to  water quality made by the State Water Re- 
sources Control Board or any regional water quality control board. Any 
limitations and requirements imposed upon a facility by a regional water 
quality control board pursuant to Section 13227 of the Water Code shall 
also be a condition of any permit issued for the facility by the depart- 
ment. 
(Added by Stats.1982, e. 90. § 2, eff. March 2, 1982.) 

Lilirary Referenccq 

Health and Environment @26.5(5). 
C.d.S. Health and Environment §§ 91 e t  

seq., 10F et seq., 131. , 
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Artide 9.5 
HAZARDOUS WASTE MANAGEMEXT 

COUNCIL [REPEALED] 
Article 9.5, added bu Stats.1982, e. 89, § 28, eff: Xarch  2, 

1982, consisting of §§ 25206 to 25209.5, was repealed under 
the provisions of § 25209.5 on Jan. 1, 1984. 

Ch. 6.5 

38 25206 to 25209.5. Repealed by Stats.lSS2, c. 89, 5 28, operative 
Jan. 1, 1984 

Historical Note 

The repealed sections, added by Stats. 
I Y B ,  e. 69, § 26, pr'oviding for the hazard- 
ous waste management council, were re- 
uealed on Jan. 1, 1984, under the provisions of § 23209.5. 

1983, and §§ 25206, 252OE.5 i w e  amended 
by Stats.1982, c. 1244, 55 2, 3: Stats.19E3, 
C. 323, §§ 60.18, 60.20, eff. Julv 21, 1983. 
see ~ i ~ ~ ~ ~ j ~ ~ l  yoie under c,c.p. 5 1531. 

Prior to repeal, 9 25207 was amended by 
Siats.1983, e. 325, § 60.16, eff. July 21, 

Article 1 0  

PROHIBITED CHEMICALS 
Article 10 was added by Stats.1977, c. 1039, p .  3151, § 34. 

8 25210. Nonbiodegradable toxic chemicals; unlawful use or sale; 

It shall be unlawful, on or after January 1, 1979, to use a nonbiode- 
gradable toxic chemical in a chemical toilet, recreational vehicle, or waste 
facility of a vessel as  the term vessel is defined in the Harbors and 
Xavigation Code, and it shall be unlawful on or after January 1,1979, to 
sell a nonbiodegradable toxic chemical in a container which indicates that 
the chemical could be used in a chemical toilet, a waste facility of a 
recreational vehicle, or a waste facility of a vessel as the term vessel is 
defined in the Harbors and Navigation Code. The department shall 
develop and adopt regulations to define nonbiodegradable toxic chemicals 
and limitations on the sale thereof by June 1, 1978. 
(Added by Stats.1977, c.  1039, p. 3151, 3 34.) 

regulations 

Cross References 
Vessel, defined, see Harbors and Swigation Code § 21, 

Administrative Code References 
Chemical toilet additive defined, see 22 Cal.Adm.Code 60093.. 
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Chemical toilet defined, see 22 Cal.Adm.Code 60091. 
Chemical toilet s a t e ,  defined, see 22 Cal.Adrn.Code 60093. 
Criterin for identification of noobiodegradable and toxic substances, see I2 Cal.Adm.Code 

\ .  

.7 GO?SI), G0291. 
Prohibited chemical toilet additives, see 22 Cal.Adm.Code GO2S5 et seq 

Library References 

Health and Environment -25.5. 
C.J.S. Health and Environment §§ 61 to 

GG et seq., 76 to 80 et seq.. 88 to 90 et 

seq., 104 et seq., 115 t6 126 et seq., 137 
to 140 et  seq., 153. 

Article 11 
HAZARDOUS WASTE DISPOSAL LAND USE 

Sect i 0 n 
25220. Request for information. 
25221. Anulication for designation as hazardous waste uroDertv or border zone . .  1 

property; prior dGterminations. 
25222. Notice of hearing; issuance; service; contents. 
25223. Public notice of hearing; publication; posting. 
25224. Time of hearing. . 
26225. Consolidation of hearings; notice. 
25226. Response to notice; appearance and testimony; intervention; procedure. 
25227. niscoverv far hearines. 

Costs incurred, p 
Inspection of pro 
5 26185;5. ., 

25228. Burden i f  proof. 
25229. Decision and findines of fact: issuance and service . .  . .  

25230. Orders; issuance; service; notice; easement; instrument to accompanq- 
lease or rental aereements. Health and En 

C.J.S. Health 
seq., 106 et 

§ 25221. i 

25231. 
25232. 

Review of decisions. 
Prohibited actions on land without specific varianee. 
Variance; application; notice of hearing; burden of proof; decision and 

findings of fact; recording of final determination; review. 
Removal of designation as hazardous waste property or border zone 

property; application; grounds; appeal; review; termination of ease- 
ment. 

Recordation of final determination. 
Civil and criminal actions; land use restriction; law governing. 
Severability of article provisions. 
Disuosal of hazardous waste onto suecified lands: minimum buffer zone. 

25233. 

25234. 
-. 
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25235. 
25236. 
25237. 
25238. 
25239. Cos&. 
25240. Reassessment of restricted land. 
25241. Exception to application of article. 

Article 11 zona ndded by Stnts.1980, e. 1161, p .  3901, S 7. 

8 25220. Request for information 
(a) Whenever there is reasonable cause for the department to  believe 

that any land is a hazardous waste property, the department may, be 
certified mail, request any person who owns, leases, or occupies such 
land or any other person who has information relating to such land, to 
provide any or all of the following information: 
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(1) A description of the present use of the land. 
(2) The types and volumes of hazardous waste or estremely hazardous 

waste contained therein or thereon.. 
(3) The date or dates such hagardous waste or estremely hazardous 

waste was deposited into or onto the land. 
(4) A map or maps of the property which they own and which contains 

or overlies hazardous waste or extremely hazardous waste, drawn to a 
scale of not more than 200 feet to the inch, which shows the area or  
areas where such hazardous waste or extremely hazardous waste is 
contained or was deposited. The provision of a map pursuant to this 
subdivision shall not be required if the respondent to the request asserts 
in writing that he has no knowledge or insufficient knowledge of the 
existence or  location of such wastes to comply with this subdivision. 

(b) Any person who is requested to provide information pursuant to 
subdivision (a) of this section shall submit such information to the 
department within 90 calendar days of receipt of the request. 
(Added by Stats.1980, c. 1161, p. 3901, § 7.) 

Cross References 
Costs incurred, payment from Hazardous Waste Control Account, see § 26239. 
Inspection of property relating to hazardous waste disposal for purposes of this article, see 

3 25185.5. 

Library References 

Health and Environrnent e 2 5 . 5 6 ) .  
C.,J.S. Health and Environment §§ 91 et  

seq., 106 et seq., 131. 

3 25221. Application for desisnation as  hazardous waste property 

(a) Any person as owner, lessor, or lessee who (1) knows or  has 
probable cause to believe that a significant disposal of hazardous waste 
has occurred on, under, or into the land which he or she owns or  leases 
or that the land is within 2,000 feet of a significant disposal of hazardous 
waste; and (2) intends to construct or-allow the construction on such 
land of a building or structure to be used for a purpose which is 
described in subdivision (b) of Section 25232 within the next calendar 
year; shall apply to the department prior to such construction for a 
determination as to whether the land should be designated.a hazardous 
waste property or a border zone property pursuant to Section 25229. 

The addition of rooms or living space to an existing single-family 
dwelling or other minor repairs or improvements to residential property 
which do not change the. use of the property or increase the population 
density does not constitute the construction of a building or structure for 
purposes of this subdivision. 
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(b) Any person who, as  owner, lessor, or lessee, knows or has probable 
cause to believe that land which he or she owns or leases is a hazardous 
waste property or a border zone property, may apply to the department 
for a determination whether the land should be designated a hazardous 
waste property or a border zone property pursuant to Section 25229. 

(e) If a city or county knows or has probable cause to believe that any 
land within its jurisdiction is a hazardous waste property or  a border 
zone property, the city or county may apply to the department for a 
determination whether that land should be designated a hazardous waste 
property or a border zone property pursuant to Section 25229. 

(d) Subdivisions (a), (b), and (e) shall not be applicable to any land on 
which a determination has previously been made pursuant to Section 
2.5229 unless either of the following has occurred since such determina- 
tion: 

(1) A significant new disposal of hazardous waste has occurred. on, 
under, or into the land. 

(2) Significant new 'information about past disposal of hazardous 
waste on, or within 2,000 feet of, the land becomes known to the owner, 
lessor, or lessee of such land. 
(Added by Stats.1980. c.  1161, p. 3901, § 7. Amended by S t k 1 9 8 2 ,  c. 165. 5 1, 
eff. April 26, 1982; Stats.1982, c. 417, $ 1, eff. July 8, 1982.) 

IIistorical Note 

The 1982 amendment by e. 165 neutral- 
ized gender in subds. (a1 and (b); and delet- 
ed, in subd. (d) following "Section 25220", 
the words "or which is a hazardous waste 
property as defined in paragraph (1) of sub- 
division (a) of Section 26117.3,". 

The 10R2 amendment by e. 411, amending 
c. 165, added the second paragraph to subd. 
(a). 

Effect oE amendment of section by two or 
more acts at  the same session of the kgkkd- 
ture, see Government Code § 9605. 

Cross References 

Civil. penalty fur person who knowingly violates subd. (a) of this sectioll, see 5 25196. 

5 25222. Notice of hearing; isswance: service;. contents 
Whenever the department considers designating land as a hazardous 

waste property or a border zone property, it shall issue and cause to  be 
served upon the owner of the land and the legislative body OF the city or 
county in whose jurisdiction the land'is located a notice of a heaving. 
The notice shall contain (1) a statement that the land is under considera- 
tion for designation as a hazardous waste property or a border zone 
property; (2) a summary of the reasons for such designation and what 
significant existing or potential health hazards are believed to esist; and 
(3) notice of the time, date, and place of the hearing, and any policy 
regarding continuance of the hearing. 
(Added by Stats.1980, e.  1161, p. 3902, § 7. Amended by Stnts.1982, c.  165, § 2, 
eff. i\pl.il 26, 198'2.) 
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Historical Sate 

The 19*2 amendment deleted the snhd. (a) 
designation a t  the beginning of the section 
and deleted subd. (b) which had read 

“The department shall exercise its au- 
thority under Section 25202.5 with regard to 
hszardous waste property as defined in 

paragraph (1) of subdi-iisiun (a1 of Section 
25117.3 to protect the present and future 
public health and safety from hazardous 
waste instead of utilizing the prorisious of 
this 

Library References 

Health and Environment @25.5(0). 
C.J.S. Health and Environment §§ 65, 66, 

103, 107, 140 et  seq. 

5 25223. Public notice of hearing: publication; posting 
Public notice of the hearing shall also be provided by the department 

a t  least 15 days before the hearing. Such notice shall be given by 
publication once in a newspaper of general circulation published and 
circulated in the locale, or if there is none, by posting the notice in at 
least three public places in the locale. 
(Added by Stats.1980, e.  1161, p. 3902, § 7.) 

.§ 25224. Time of hearing 
The hearing shall be held before the director, or any agent or agency 

designated by the director fo r  such purpose, not less than 30 days after 
the serving of the notice. The hearing shall be commenced within 90 
days of the serving of the notice, The department may delay the 
hearing upon request of any interested person, 
(Added by Stats.1980, c. 1161, p. 3902, § 7.) 

9 25225. Consolidation of hearings; notice 
The department may consolidate into a single hearing those hearings 

which affect a hazardous waste property and any associated border zone 
property. Notice of such consolidation shall occur as soon as practicable, 
but not less than 15 days before the hearing. 
(Added by Stats.1980, c. 1161, p. 3903, § 7.) 

5 25226. Response to  notice; appearance and testimony; interven- 

The persons served shall have the right to file a response to the notice 
and to appear in person or otherwise and give testimony at the place and 
time fixed in the, notice. At the discretion of the director, agent, 01’ 
agency conducting the hearing, any interested person may be allowed to 
intervene in the proceeding and to present testimony. Any such proceed- 
ing shall, so far as practicable, be conducted pursuant to the provisions 
of Chapter 5 (commencing with Section 11500) of Part 1 of Division 3 of 
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Title 2 of the Government Code. All proceedings shall be appropriately 
reported, and the testimony taken shall be reduced to writing and filed 
with the director. Thereafter, a t  his or her discretion, the director, upon 
notice, may take further testimony or hear argument. 
(Added by Stats.1980, e. 1161, p. 3903, § 7.) 

Library References 

Health and Environment @25.5(3). 
G.J.S. Health and Environment §§ 65, 66, 

103, l O i ,  140 et seq. 

8 25227. Discovery for  hearings 
Discovery for a hearing held pursuant to  this article shall be conducted 

as provided in Sections 11507.6, 11507.7, 11510, and 11511 of the Govern- 
ment Code. 
(Added by Stats.1980, e. 1161, p. 3903, § 7.) 

9 25228. Burden of proof 
(a) With regard to designating land as  a hazardous waste property, 

the department shall have the burden of proving the hazardous waste 
has been deposited on, under, or in the land and that the hazardous 
waste creates a significant existing or potential hazard to present or 
future public health or safety on the hazardous waste property. 

(b) With regard to designating land as a border zone property, the 
department shall have the burden of proving that hazardous waste has 
been deposited within 2,000 feet of the land and that the hazardous 
waste creates a significant existing or potential hazard to present or 
future public health or safety on the border zone property. 
(Added by Stnts.1980, c. 1161, p. 3003, § 7.) 

0 

5 25229. Decision and f indings of fact; issuance.and service 
(a) If, upon the preponderance of the testimony taken, including any 

evidence developed a t  any time prior to the hearing, the director is of the 
opinion that the land should be designated a hazardous waste property or  
a border zone property, the director shall issue and cause to be served on 
the owner of the land, the Iegislative body of .the city or county in whose 
jurisdiction the land is located, and upon any other persons who were 
permitted to intervene in the proceedings, his or her decision and 
findings of fact. The findings of fact shall include reasons for such 
designation, including what substances are on, under, or in the land, and 
the significant existing or potential hazards to presetit or future public 
health and safety. 

designated a haaardous waste property or border zone property, the 
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director shall issue and cause to be served on the parties mentioned in 
subdivision (a) his or  her decision and findings of fact. 
(Added by Stats.1980, c. 1161, p. 3903, § 7.) 

Cross References 
Recordation of final order, see § 25235. 
Restrictions subject to Revenue and Taxafion Code § 402.1, see § 25240 

8 25230. Orders; issuance; service: notice; easement; instrument 
to  accompany lease or rental agreements 

Upon designation of land as  hazardous waste propeiy or border zone 
property pursuant to Section 25229, the director shall issue and cause to 
be served on the owner of the property and shall give notice to the 
legislative body of the city or county in whose jurisdiction the land is 
located and any other persons who were permitted to intervene in the 
proceeding, orders requiring all of the following: 

(a) The execution and recordation of a written instrument which 
imposes an easement upon the present and future uses of all or part  of 
the land which has been designated a hazardous waste property or a 
border zone property. Such easement shall permit the department or its 
representatives to enter the land, subject to Section 25185.5, to monitor- 
,probIems regarding hazardous wastes. The easement shall be executed 
by all the owners of such land and by the director, shall particularly 
describe the real property affected by the instrument, and, if applicable, 
the location of the easement on the real property. The easement shall be 
recorded with the recorder of the county in which the land is located 
within 10 days of the date of execution and shall be indexed by the 
county recorder in the grantor index in the name of the record title 
owner of the real3property and in the grantee index in the name of the 
department. The easement shall state that the land described in the 
instrument is subject to a hazardous waste easement. Notwithstanding 
any other provision of law, an easement executed pursuant to this 
section shall run with the land from the date of recordation and shall be 
'binding upon all of the owners of the land, their heirs, successors, and 
assignees, and the agents, employees, or lessees of such owners, heirs, 
successors, and assignees. The easement shall be enforceable by the 
department pursuant to Article 8 (commencing with Section 25180). 
Notwithstanding any other provision of law, any easement held by the 
department shall not be sold or otherwise transferred to another person. 

(b) The execution and service of a written instrument to accompany all 
lease or rental agreements relating to the land which has been designat- 
ed a hazardous waste property or a border zone property. The instru-, 
ment shall be prepared by the owner or lessor of the land and shall 
contain the following statement: 

"The land described herein contains hazardous waste or is within 2,000 
feet of land that contains hazardous waste. Such condition renders the 
land and the owner, lessee, or other possessor of the land subject to 

439 



5 25230 HAZBRDOUS WASTE CONTROL 
Div. 20 

requirements, restrictions, provisions, and liabilities contained in Chapter 
6.5 (commencing with Section 25100) of Division 20 of the Health and 
Safety Code. This statement is not a declaration that a hazard exists.'' 
(Added by Stats.1980, e. 1161, p. 3904, § 7. Amended by Stats.1982, c. 165, § 3, 
eff. April 26, 1982.) 

Historical Sote 

The 1981 amendment, in the second s e n  
tence of subd. (a), substituted "subject to 

Section 25185.5" for "subject to Section 
25185 or 25lS5.5", 

5 25231. Review of decisions 
A decision of the director made after a hearing pursuant to Section 

25229 shall be reviewable pursuant to Section 1094.5 of the Code of Civil 
Procedure. 
(Added by Stats.lSS0, e.  1161, p. 3904, § 7.) 

5 25232. 
(a) Except as provided in subdivision (c) of this section, after the 

director has provided notice in compliance with Section 25222 and a 
hearing or decision regarding specific land is pending, or after a hearing 
has been conducted and a decision has been made pursuant to Section 
25229 that land is a hazardous waste property, then none of the follow- 
ing shall occur on the land without a specific variance approved in 
writing by the department for the land use and land in question: 

(1) Any new use of the land, other than the use, modification, or 
expansion of an existing industrial or manufacturing facility or complex 
on land which is owned by, or held for the beneficial use of, such facility 
or complex as of January 1, 1981, and which is a hazardous waste 
property as defined in Section 25117.3. 

(2) Subdivision of such land, as that term is used in Division 2 
(commencing with Section 66410) of Title 7 of the Government Code, 
except that this paragraph shall not piwent the division of a parcel of 
land so as to divide that portion of the parcel which is designated a 
hazardous waste property from other portions of such parcel not so 
designated. 

(b) Except as provided in subdivision (c) of this section, after the 
director has provided notice in compliance with Section 25222 and a 
hearing or decision regarding specific land is pending, or after a hearing 
has been conducted and a decision has been made pursuant to Section 
25229 that land is a border zone property, then none of the following 
shall occur on the land without a specific variance approved in writing by 
the department for the land use and land in question: 

(1) Construction or placement of a building or structure on the land 
which is intended for use as any of the folloxving, or the new use of an 
existing structure for the purpose of serving as any of the following: 

440' 

c 

Prohibited actions on land without specific variance 

i 

DISPOSAL L: 

(-4) A reside? 
constructed or 
tion, except th 
single-family d5 
tial property w 
population den 
building or stri 

(B) A hospit: 
(C) A school 
(D) A day ci 
(E) Any per1 

for industrial I 
(7) Subdivisi 

(commencing 
except that th  
land so as to  
border zone pi 
ed. 

(c) This sect 
determined b> 

(I) The pari 
site as define 
Administrativ. 

(2) The port 
of the classifi 
Section 332 c 

(3) The pori 
disposal site. 

(4) The por 
waste. 
(Added by Stat 
eff. July 8.19E 

Ch. 6.5 

The 1982 amel, 
ar  the end of su!  

Civil penaly for 
Prosimity of prc 

Health md Ei 
C.J.S: Health 
103,107, 14 



DISPOSAL LAND USE 
Ch. G.5 

§ 25232 

(A) A residence, including any mobilehome or factory built housing 
constructed or installed for use as permanently occupied human habita- 
tion, except that the addition of rooms or living space to an existing 
single-family dwelling or other minor repairs or improvements to residen- 
tial property which do not change the use of the property or increase the 
population density does not constitute construction or placement of a 
building or structure for the purposes of this paragraph. 
(B) d hospital for humans. 
(C) A school for persons under 21 years of age. 
(D) 9 day care center for children. 
(E) Any permanently occupied human habitation other than those used 

for industrial purposes. 
(2) Subdivision of such land, as that term is used in Division 2 

(commencing with Section 66410) of Title '7 of the Government Code, 
except that this paragraph shall not prevent the division of a parcel of 
land so as to divide that portion of the parcel which is designated a 
border zone property from other portions of such parcel not so designat- 
ed. 

(c) This section shall not apply to a portion of a parcel of land which is 
determined by the director to meet all of the follou~ing requirements: 

(1) The parcel has been previously classified as a class 11-1 disposal 
site as defined in Section 2510 or 2611 of Title 23 of the California 
Administrative Code. 

(2) The portion of the parcel is physically isolated from the remainder 
of the classified parcel by the construction of a freeway, as defined in 
Section 332 of the Vehicle Code, which divides the classified parcel. 

(3) The portion of the parcel has not been used as a hazardous waste 
disposal site. 

(4) The portion of the parcel does not contain or overlie hazardous 
waste. 
(Added. by Stats.1980, e. 1161, p. 3904, § 7. Amended by Stats.1982, c. 417, § 2, 
eff. July 8, 1982.) 

Historical Xote 

The 1982 amendment added the exception 
a t  the end of subd. (b)(lXA). 

Cmss References 
Civil penalty for person who knowingly violates subd. (a) or (b) of this section. 5ee § 25196. 
Proximity of property to waste facility as health or safety hazard, see § 251.18:3. 

Library References 

Health and Environment c=Z5.5(9). 
C.J.S. Health aud Environment .§S 65, 66, 

103, 107, 140 et seq. 
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8 25233. Variance; application; notice of hearing: burden of 
proof: decision and findings of fdct; recording of final 
determination; review 

(a) Any aggrieved person may.apply to the department for a written 
variance from the requirements set '  forth in subdivision (a) or (b) of 
Section, 25232. Any application shall contain sufficient evidence for the 
department to  issue a notice for a hearing. The notice shall contain (1) a 
statement that a hearing is pending on the land or that the land has been 
designated a hazardous waste property or a border zone property and @) 
a statement of who is applying for a variance, the proposed variance, and 
a statement of the reasons in support of the granting of a variance. The 
procedures for the conducting of this hearing shall be those set  forth in 
this article. No person shall make a subsequent application pursuant to 
this section within 18 months of a final decision on an application by the 
department. 

(b) The applicant shall have the burden of proving at the hearing that 
such variance will not cause or allow any of the following effects 
associated with hazardous waste or extremely hazardous waste: 

(1) The creation or increase of significant present or future hazards to 
public health. 

(2) Any significant diminution of the ability to mitigate any significant 
potential or actual hazard to public health. 

(3) Any long-term increase in the number of humans or animals 
exposed .to significant hazards which affect the health, well-being, o r  
safety of the public. 

(c) If, upon the preponderance of the testimony taken, the director is 
of the opinion that the variance should be granted, the director shall 
issue and cause to be served his or her decision and findings of fact on 
the owner of the land, the legislative body of the city or county in whose 
jurisdiction the land is located, and upon any other persons who were 
permitted to intervene .in the proceedings. The findings of fact shall 
.include the exact nature of the proposed variance and the reasons in 
support of the granting of the variance. 

(d) If the director is of the opinion that the variance should not be 
granted, the director shall issue and cause to 'be served his or her 
findings of fact in support of the .denial on the parties mentioned in 
subdivision (e). 

(e) The department shall record within 10 days any final determination 
made pursuant to this section as provided in Section 252335. 

(f) A decision of the director made after a hearing held pursuant to 
this section shall be reviewable pursuant to Section 1094.5 of the Code of 
Civil Procedure and shall be upherd if the court finds that it is supported 
by substantial evidence. 
(Added by Stats.1980, c. 1161, p. 3906, § 7.) 
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8 25231. Removal of designation as hazardous waste property or  
border zone property; application; grounds; appeal; 
review; termination of easement 

(a) Any aggrieved person may zpply to the department to remove a 
designation that land is a hazardous waste property or a border zone 
property on the grounds that the waste no longer creates a significant 
existing or potential hazard to present or future public health or safety. 
No person shall make a subsequent application pursuant to this section 
within 12 months of a final decision on an application by the department. 
Any application shall contain sufficient evidence for the department to 
make a finding upon any or all of the following grounds: 

(1) The hazardous waste which caused the land to be designated has 
since been removed or  a1tered.h a manner which precludes any signifi- 
cant existing or  potential hazard to present or future public health. 

(2) New scientific evidence is available since the designation of the 
land or  the making of any previous application pursuant to this section, 
concerning either of the following: 

(A) The nature of the hazardous. waste which caused the land to be 
designated. 

(B) The geology or  other physical environmental characteristics of the 
designated land. 

(b) Any aggrieved person may appeal a decision of the department 
made pursuant to subdivision (.a) by submitting a request for a hearing 
to the director. The request shall be mailed by certified maiI not Iater 
than 30 days after the date of the mailing of the department's decision 
on the application. 

(e) Upon receipt of a timely appeal, the director shall give notice of a 
hearing pursuant to the procedures set forth in this article. 

(d) The department shall record within 10 days any new and final 
determination made pursuant to this section as provided in Section 25235. 

(e) A decision made by .the department after a hearing heId pursuant ' 
to this section shall be reviewable pursuant to Section 1094.5 of the Code 
of Civil Procedure' and shall be upheld if the court finds that it is 
supported by substantial evidence. 

(0 Whenever there is a final decision pursuant to this section remov- 
ing the designation of a hazardous waste property or a border zone 
property, the easement on such land created by Section 25230 shall 
automatically terminate. The department shall record or cause to be 
recorded within 10 days a termination of the easement which shall 
particularly describe the. real property subject to the easement and which 
shall be indexed by the recorder in the grantor iudex,in the name of the 
department and in the grantee index in the name of the record title 
owner of the red property subject to the easement. 
(Added by Stats,1980, c. 1161, p. 3907, 5 7.) 
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25235. Recordation of fine1 determination 
The department shall record within 10 days anj- final determination 

made pursuant to Section 25229 with the county recorder of the county 
in x-hich the property is located. Any recordation made pursuant to  this 
article 01' Section 25202.5 shall include the street address, assessor's 
parcel number, or legal description of each parcel affected and the name 
of the owner thereof, and the recordation shall be recorded by the 
recorder in the grantor index in the name of the record title owner of the 
real property and in the grantee index in the name of the departmerit., 
(Added by Stats.lSSO,.e. 1161, p. 3907, § 7.) 

5 25236. Civil and.crirnina1 actions; land use restriction; law gov- 

(a) Prior to, or simultaneously with, utilizing the provisions of this 
article, the department shall diligently pursue feasible civil and criminal 
actions against any operator or other responsible party who violates the 
provisions of this chapter and the. regulations promulgated thereunder. 
However, nothing in this chapter shall be construed as restricting or  
diminishing any remedy provided by law to the owner or possessor o f  
any land which is affected by hazardous waste on or near such Iand 
against any person who produced such waste or against any other 
person who was responsible for the condition affecting the property. 

(b) d determination by the department pursuant to Section 25229 shall 
constitute a land use restriction. Except as specifically provided in this 
chapter, nothing in this chapter shall diminish or limit the authority of 
any city or county to approve or disapprove proposed land uses. Noth- 
ing in this chapter shall be construed to require a local government to 
permit a particular land use, including but not limited to, commercial, 
industrial, agricultural, or other nonresidential use, on land which has 
been designated hazardous waste property or border zone property 
pursuant to Section 26229. 
(Added by Stats.1980, e. 1161, p. 3908, § 7.) 

9 25237. 
If any provision of this article or the application thereof to any person 

or circumstance is held invalid, such holding shall not affect other 
provisions or  applications of this article which can be given effeet 
without the invalid provision or application, and to this end, the provi- 
sions of the article are severable. 
(Xdded by Stats.1980, c. 1161, p. 5908, § '7.) 

§ 25238. Disposal of hazardous waste onto specified lands; mini- 

(a) Except as provided in subdivision (b) of this section, no person shall 
dispose of any hazardous waste, or extremely hazardous waste into or  
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onto any land or  any portion of land which is within 2,000 feet of an 
existing land use described in paragraph (1) of subdivision (b) of Section 
25232 as of August 6, 1980. 

(b) This section shall not apply to any hazardous wzste property as 
defined in paragraph (1) subdivision (a) of Section 25117.3 which was 
actually and lawfully disposing of hazardous waste on August 6, 1980, 
unless such disposal is prohibited pursuant to Section 25202.5 or any 
other provision of law. 

(c) It is the intent of the Legislature in enacting this section to require 
that any hazardous waste disposal site which opens or reopens after 
August 6, 1980, shall have a minimum buffer zone of 2,000 feet between 
the actual location where hazardous wastes are disposed and any ens€- 
ing uses as of August 6, 1980, which are described in paragraph (1) of 
subdivision (b) of Section 25232. 
(Added by Stats.1980, e.  1161, p. 3908, § 7.) 

§ 25239. Costs 
All costs associated with the administration of this article by the 

department, including, but not limited to, costs incurred to implement 
Section 2.5166 and 25220, shall be paid from the Hazardous Waste 
Control Account in the General Fund. 
(Added by Stats.1980, c. 1161, p. 3908, 5 7.) 

5 25240. Reassessment of restricted land 
An assessor shall consider any restrictive covenant adopted pursuant 

to Section 25202.5 or any restriction imposed pursuant to Section 25229 
as an enforceable restriction subject to the provisions of Section 402.1 of 
the Revenue and Taxation Code and shall appropriately reassess any 
land, the use of which has been so restricted, a t  the lien date following 
the adoption or imposition of the covenant or restriction. 
(Added by Stats.1980, c. 1161, p. 3909, 5 7.) 

5 25241. Exception to application of article 
The provisions of this article shall not apply to hazardous waste 

property as defined in paragraph (1) of subdivision (a) of Section 25117.3. 
Such property shall be regulated by the department pursuant to Section 
25202.5 in order to protect the present and future public health and 
safety from hazardous waste. 
(Added by Stats.1982, c. 1G, § 4, eff. April 26, 19S2.) 

445 



. 
t 

§ 25245 IIAZARDOUS WASTE CONTROL 
Div. 20 

Article 12 

FINANCIAL RESBONSTBILITY AND CLOSURE AND 

9 

MAINTENANCE OF FACILITIES 
Section 
25245. Standards and regulations. 
25246. Hazardous waste facility closure and maintenance report; submission by 

operator to department. 
25247. Reports; review and approval. 
25248. Implementation of report during closure and maintenance period. 
25249. Operators subject to  this article. 

Article 12 was added by Stats.1982, c..90, § 3, efj March 2, 
1982. 

5 25245. Standards and regulations 
The department shall adopt, within 90 days of the effective date of this 

article, and revise when appropriate, standards and regulations which 
shall do both of the following: 

(a) Specify the financial assurances to be provided by the operator of a 
hazardous waste facility that are necessary to respond adequately to 
damage claims arising out of the operation of that type of facility and to 
provide for the cost of closure and subsequent maintenance of the 
faciIity, including, but not limited to, the monitoring of ground water and 
other aspects of the environment after closure. The financial assurance 
shall be a trust  fund, surety bond, letter of credit, insurance, 01% other 
equivalent financial arrangement acceptable to the department. 

(b) Provide that every hazardous waste facility can be closed and 
maintained for 30 years subsequent to its closure in a manner that 
protects human health and the environment and minimizes or eliminates 
the escape of hazardous waste constituents, leachate, contaminated 
rainfall, and waste decomposition products to .ground and surface waters: 
and to the atmosphere. 
(Added by Stats.1982, c. 90, § 3, eff. March 2, 1982.) 

0 

Cross References 

Permit to operate hazardous waste facility contingent upon establishing and maintaining 
financial assurance prescribed pursuant to this section, see § 25205. 

Library References 

Health and Environment c;.?5..i(5). 
C.J.S. Health and Environment §§ 91 et 

seq., 106 et seq.. 131. 
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8 25246. Hazardous waste facility closure and maintenance report; 

(a) Each operator of a hazardous waste facility shall submit a hazard- 
ous waste facility closure and maintenance report to the department. 
The report shall contain the operator’s estimate of the cost of closure 
and subsequent maintenance and shall conform to the requirements 
prescribed pursuant to Section 25245 of this code and Section 13227 of 
the Water Code. 

(b) The report shall be submitted to the department with the applica- 
tion for a hazardous waste facility permit. An operator who has 
submitted a request for or received a hazardous waste facility permit 
prior to the adoption of the standards and regulations pursuant to 
Section 2524.3 shall submit the report within 180 days after the depart- 
ment issues a written request for the report. Prior to actual closure of 
the facility, the report shall be updated if requested by the department. 
However, no operator shall be required to revise or amend a report after 
actual closure of the facility in order to reflect subsequent changes in the 
standards and regulations adopted pursuant to Section 25245. 

(c) An operator who has not suhmitted a facility closure and mainte- 
nance report shall submit that report 180 days prior to closure of the 
hazardous waste facility. 
(Added by Stats.1982, e. 90, § 3, eff. March 2, 1982.) 

submission by operator to  department 

8 25247. Reports; review and approval 
The department shall review each report submitted pursuant to Section 

25246 and shall approve the report if it finds that the report complies 
with the standards and regulations adopted pursuant to Section 25245, 
complies with other applicable state and federal regulations, and has 
been approved pursuant to Section 13227 of the Water Code. 
(Added by Stats.1982, c. 90, § 3, eff. Narch 2, 1982.) 

8 25248. Implementation of report during closure and maintenance 

The operator of a facility for which a closure and maintenance report 
h a s  been approved shall carry out the report during the closure and 
maintenance period required by law. 
(Added by Stats.1982, c.  90, 5 3, eff. &larch 2, 1982.) 

period 

8 25249. 
On t h e  effective date of this article, any operator subject to former 

Division 7.5 (commencing with Section 14000) of the Water Code shall be 
snbject to this article. 
(Added by Stats.1982, e. 90, § 3, eff. March 2, 1982.) 

Operators subject to  this article 
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Chapter 6.8 

'HAZARDOUS SUBSTANCE ACCOUNT 

Article Section 
1. Short Title and Legislative Intent . .  ............................ 25300 
2. Definitions.. .................................................. 25310 
3. Hazardous Substance Account.. ............................... 25330 

5. Cses of the State Account ...................................... 25350 
6. Recovery Actions .............................................. 25360 
7. Compensation .............................. .: ................ 25370. 
8. Xisceilaneous ................................................. 25395 

.. 

A. Tax ........................................................... 25310 

Chapte? 6.8 was added by Stats.1981, e. 756, p .  2935, § 2, efJ: 
Sept. 25, 1981. 
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Repeal $ 

Cliapte? 6.8, added by Stats.1981, c. 7'6, p .  2935, § % is repealed 
July 1, 1991, under the terms of § 25395. 

Article 1 

Health and Envin 

SHORT TITLE AND LEGISLATIVE INTENT 
. .  

Section 
25300. Short title. 
25301. Legislative intent 

Article 1 was added by Stats.1981, c. 756. p .  2335, § 2, e& 
Sept. 25, 1981. 

Cross References 
Hazardous substance tax, governed by definitions contained i n  this chapter, see Revenue 

and Tuation Code 5 43002. 

Law Review Commentaries 

Hazardous substance account, Hazardous 
Subsiance Tas Law. (1962) 13 Pacific L.J. 
69% 373. 

Superfund and California's implements- 
tion: Putenti;ii conflict. (1083) 19 C.W.L.R. 

5 25300. S h o r t  title 

ley-Tanner Hazardous Substance Account Act. 
(Added by Stats.1981, e. 756, p. 2935, 9 2, eff. Sept, 25, 19S1.) 

This chapter shall be known and may be cited as the Carpenter-Pres- 
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Library Rsferencea 

Worda and Phrases (Perm. Ed.) 

25310. Application; definitions in federal act 
The definitions set forth in this article shall govern the interpretation 

of this chapter. Unless the context requires otherwise and except as 
provided in this article, the definitions contained in Section ,101 of the 
federa! act (42 U.S.C. 9601) shall apply to the terms used in this 
chapter. 
(Added by Stats.1981, e. 756, p. 2935, § 2, eff. Sept. 25, 1981.) 
14’2 U.S.C.A. § 9601. 

9 25312. Department 

(Added by Stats.1981, e. 756, p. 2935, § 2, eff. Sept. 25, 1981.) 
“Department” means the State Department of Health Services. 

8 25313. Director 
“Director” means the Director of-Health Services. 

(Added by Stats.1981, e. 756, p. 2935, § 2, eff. Sept. 25, 1981.) 0 .  
25315. Federal act 
“Federal act” means the Comprehensive Environmental Response, 

Compensation, and Liability Act of 1980, P.L. 96-30 (42 U.S.C. 9601, e t  
seq.) ’. 
(Added by Stats.1981, c 756, p. 2935, § 2, eff. Sept. 25, 1981.) 

142 U.S.C.A. § 9601 et seq. 

§ 25316. Hazardous substance; inclusions 
“Hazardous substance” means: 
(a) Any substance designated pursuant to Section 1321(6)(2)(A) of Titk 

33 of the United States Code l. 
(b) Any element, compound, mixture, solution, or substance designated 

pursuant to Section 102 of the federal act (42 U.S.C. 9602) ’, 
(c) Any hazardous waste having the characteristics identified under or 

listed pursuant to.Section 6921 of Title 42 of the United States Code”, 
but not including any waste the regulation of which under the Solid’ 
Waste Disposal Act has been suspended by act of Congress. 

(d) Any toxic pollutant listed under Section 1317(a) of Title 33 of the 
United States Code ‘. 

(e) Any hazardous air pollutant listed under Section 7412,of Title 42 of. 
the United States Code ’. 
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Ch. 6.8 

(f) Any imminei 
respect to which 
Protection Agency 
of the United Stat 
(g) Any hazardc 

Sections 25117 an( 
(Added by StatsJ98 

133 U.S.C.A. § 1321 
2 42 U.S.C.A. § 9602 
:I 42 U.S.C.A. § 6921 
4 35 U.S.C.A., 5 1317 
j 42 U.S.C.A. § 7412 

. r>  

6 E U.S.C.B ... 2606 

8 25317. HUd- 
“Hazardous SUI 
(a) Petroleum, i 

otherwise specific 
subdivisions (a) 1 
natura! gas liquid: 
(or mixtures of nz 
by a resource rec 

(b) Nontoxic, nm 
from undergrowl 
sewers. 
(Added by Stats.19: 

§ 25319. Persr 
“Person” mean 

ration, including, 
ship, and associa 
and the. state or 
government or ar 
by law. 
(Added by Stats.19 

5 25320. Rele 
“Release” m e  

emptying, discha 
ing into the envi 
(Added by Stats.1: 





0 9 25320 HAZARDOUS SUBSTANCE ACCOUNT 
Div. 20 

Cross References 

Request by local agency responsible for underground hazardous substance storage to 
remedy release of substance, see § 25285. 

8 25321. Release; exclusions 
“Release” does not include any of the following: 
(a) Any release which results in exposure to persons solely within a 

workplace, with respect to a claim such exposed persons may assert 
against their employer, 

(b) Emissions from the engine exhaust of a motor vehicle, rolling 
stock, aircraft, vessel, or pipeline pumping station engine. 

(c) Release of source, byproduct, or special nuclear material from a 
nuclear incident, as those terms are defined in the Atomic Energy Act of 
1954 (42 U.S.C. 2011, e t  seq.’), if such release is subject to  requirements 
with respect to financial protection established by the Nuclear Regula- 
tory Commission under Section 2210 of Title 42 of the United States 
Code or, for the purposes of Section 104 of the federal act (42 U.S.C. 
9604) ’ or any other response action, any release of sovrce byproduct, o r  
special nuclear material from any processing site designated under 
Section 7912(a)(1) or 7942(a) of Title 42 of the United States Code‘, which 
sections are a part of the Uranium Mill Tailings Radiation Control Act of 
1978. 

(d) The normal application of fertilizer, plant growth regulants, and 
pesticides. 
(Added by Stats.1981, e. 756, p. 2935, § 2, eff, Sept. 25, 1981.) 

I 4 2  U.S.C.A. § 2011, e t  seq. 
242  U.S.C.A. § 2210. 
:J 42 U.S.C.A. § 9604. 

42 U.S.C.A. §§ 7Y12(a)(l), ?Y42(a). 

8 25322. Remedy or remedial action 
“Remedy” or “remedial action” includes all of the following: 
(a) Those actions which are consistent with a permanent remedy, that 

are taken instead of, or in addition to, removal actions in the event of a 
release or threatened release of a hazardous substance into the environ- 
ment, as further defined by Section lOl(24) of the federal act (42 U.S.C. 
See. 9601(24)’), except that any reference in Section 101(24) of the 
federal act (42 U.S.C. See. 9601(24)) to the President, relating to determi- 
nations regarding the relocation of residents, businesses, and community 
facilities shall, for the purposes of this chapter, be deemed to be a 
reference to the Governor and any other reference in that section to the 
President shall, for the purposes of this chaptel-, be deemed a reference 
to the Governor, or the director, if designated by tke Governor. 

(b) Those actions which are necessary to  monitor, assess, and evaluate 
a release or a threatened release of a hazardous substance. 
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(c) Site operati, 
(Added by StatsX 
Stats.1983, e.  1044, 

I42  U.S.C.A. 4 960 

The 19s3 amendme 
hoductory phrase. I‘ 

inserted subdivision 

3 25323. Rem 
“Remove” or ‘ 

, hazardous subst: 
actions as may t 
which may othe 
further defined 
9601(23)) ’- 
(Added by Stats.1- 

142 U.S.C.A. § Y6C 

8 25324. Stat: 
“State account 

pursuant to”Sect 
(Added by Stats.1: 

3 25325. Fed( 
“Federally pel 

term is defined i: 
(Added by Stats.1; 

142 U.S.CA. § 961 

8 25326. RelF 
“A release alii 

release into the 
regulation, or ru 
or by any specifi 
agency, includiu 
industry practic: 
which allow op 
releases from : 
ordinances, regu 
ted release, as 

’ accordance with 
(Added by Skats.1. 



DEFINITIOKS 
Ch. 6.6 

(c) Site operation and maintenance. 

.§  25326 

(Added by Stats.lgS1, e.  756, p. 2935, 5 2, eff. Sept. 25, 1981. 
Stats.1983, e. 1044, § 2, eff. Sent. 23, 1983.) 

Amended by 

I42 U.S.C.A. § 9601(24). 

’ Historical Xote 

The 1963 amendment inserted, in the in- 
trorluctory phrase, “all of the following:”; 
inserted subdivision designation (a); made 

9 25323. Remove o r  removal 
“Remove” or “removal” includes the cleanup or removal of released 

hazardous substances from the environment or the taking of such other 
actions as may be necessary to prevent, minimize, or mitigate damage 
which may otherwise result from a release or threatened release, as 
further defined by Section lOl(23) of the federal act (42 U.S.C. 
9601(23)) I. 
(Added by Stats.l&31, c. 756, p. 2935, § 2, eff. Sept. 25, 1981.) 

nonsubstantive grammatical changes; and 
added subds. (b) and (e). 

142 U.S.C.A. § 9601(23). 

§ 25324. State account 

pursuant to Section 25330. 
(Added by Stats.1981, c. 756, p. 2935, 5 2, eff. Sept. 25, 1981.) 

“State account” means the Hazardous Substance Account established 

9 25325. Federally permitted release 
“Federally permitted release!’ shall have the same meaning as that 

term is defined in Section lOl(10) of the federal act (42 U.S.C. 9601(10)).’. 
(Added by Stats.1981, c. 756, p. 2935, § 2, eff. Sept. 25, 1981.) 

142 U.S.C.A. § 9601(10). 

8 25326. Release authorized o r  permitted pursuant to state law 
“A release authorized or permitted pursuant to state law” means any 

release into the environment which is authorized by statute, ordinance, 
regulation, or rule of any state, regional, or local agency or government 
or by any specific permit, license, or similar authorization from any such 
agency, including one of the foregoing which recognizes a standard 
industry practice, including variances obtained from any such agency 
which allow operations for facilities during a period of time when 
releases from such facilities do n0.t conform with relevant statutes, 
ordinances, regulations, or rules. The term includes a fedecally permit- 
ted release, as defined by Section 25325, and releases which are in 

(Added by Stats.lSS1, c. 756, p. 2935, 5 2, eff. Sept. 25, 1981.) 
accordance with any court order or consent decree. -. . 
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Five plastics were tested to quantify their releas of trace organics 
by Carol M. Curran and.Mason B. Tomson 

Many types ofplastics are available for laboratory 
and field use. In recent years Teflon has been accepted 
as the least contaminating and most inert plastic for 
environmental work Unfortunately. Teflon can be 10 
Co 20 times more expensive than other plastics such 
as PVC or polypropylene. Often plastics are used to 
casesmdwellsused tomonitortracelevelorganicsat 
pg/L-I levels and below. Little is known about the 
extent of either leaching or sorption of trace organics 
from plastics. If materials other than Teflon could be 
used with confidence, considerable time and expense 
could besaved in monitorlngand Iaboratoryworkup. 

Scalfetal.(1981)discuss theeconomicvs.analyti- 
a-certaintytrade-offsoften necessary infield investi- 
gations. They discuss the particular problems associ- 
ated with glued PVC casing. bu t  they present no data 
nor do they discuss options. 

Junket al. (1974a) reported onthecontamination 
of water as it flows through various plastics. They 
reported organic contamination levels up to 5 mg/L-' 
with typically a few tens of J L ~ / L - ~  of contamination 
fromvarfous WC tubes.Theyalso suggested that high 
IeveIs of contamination might bleed out of PVC for 
1ongperlodsoftime.Ifthiswere to happenwithPVC or 
other plastic well casing materials. it would preclude 
their use in ground-water monitoring programs. This 
report by Junk et al. is often cited as justification for 
far more expensive well materials such as Teflon or 
stainless steel. Based upon the laboratory and field 
evidence reported herein, It will be suggested that the 
@pes of rigid PVC often used for well casing, do not 
Produce slgnificant contamination and may thus be 
safely used as 'an economic alternative in ground- 
water monitoring programs. 

Asystematicstudyof the adsorption and desorp- 
tion of volatile organics. such as trichloroethylene. 
1.1.1-trichloroethane and bromoform, and the metals 
lead and chromium. onto polyethylene. polypropylene 
and schedule 40 WC was conducted recently by G.D. 

- 

b 

Miller(1982l.AU ofhisexperimentswere40mLbatch 
studies. He reported adsorption of typically25 to 75 
percent of the trace organics after four t o  sixweeks of 
exposingplasticsections to contaminated water.When' 
contaminated sections were placed .in clean water, 
generally only 25 to 75 percent of the adsorbed trace 
organiccould bedesorbed. Unfortunately- theleaching 
of less volatile trace organics. such as. plasticizers. 
from the plastic tubing sections was not determined. 
He concluded that schedule 40 PVC causes  fewermoni- 
toring interferences with volatile organics than poly- 
ethylene or polypropylene under the conditions of his 
experiments. 

Previous field work at FUce UniversUy suggested 
that PVC-cased weus might besatisfactorily employed 
for sampling ground later for trace organics. at least 
under some ci~umstances (Tomson e t  aL 1979). 
Single-piece PVC-cued monitoringwellsi2-inch 1.D.x 
-2.0 feet] at  aFt.Devens.bIassachusetts.rapidinflItra- 
tion site were sampled for trace organics in 1979. 
These WC wells had been in place for nine years. 
Numerous trace organics were found a t  the sub-ppb 
level in the ground water directly downgradient (-400 
feet) from theapplied sewzge.Almostno traceorganics 
were found in a similarly cased control well nearby, 
which was not ln the influence of the applied sewage. 
Similarly, in a recent Rice University C3eld study of 
ground-water contaminant movement from a pit asso- 
ciated with a creomte treatment plant  eight 4-inch 
schedule 40 W C  monitoringwells were installed to a 
depth of about 30 feet (Bedlent et al. 1982). Again. 
water from those wells near the pit was. found to con- 
tain hlgh levels [ 1 Io lo3 &/L-'I of organics typical of 
creosote operations: water from a well 3.00 feet down- 

. gradient was found to haveasimilarsuiteoforgania 
at 95(+) percent lower concentration fas rnlght be 
expected): and water from a control well cased in the 
same manner was found to be free of contamination. 
These field obsenations indicate that the W C  well 



. 

I 

F i g u e  1. TubingTed Setup 

casings did not leach significant amounts Of trace 
organics Into. or sorb inordinate quantities of poll-- 
tants from. the sam~led ground water. 

copper tubing. OnelengthofPVC deslgnatedas"glued 
PVC was dued at the threaded union with WC DiDe 

The present researchYwas initiated tobetterquan- 
ti@ the interaction of trace organics such as dichloro- 
benzene or naphthalene. with varfous plastics which 
may be usable either in the field or In the laboratory. 
The aqueous reaching and sorption of five plastics- 
Teflon. polyethylene. polypropylene. polyvhylchloride 
(WCI glued and nonglued. and Tygon-wem com- 
pared. with primaryemphasis on rigid PVC because of 
its widespread use in monitoring wells. 

Experimental 
Tubing 

Five plastics were used polypropylene. polyethy- 
1ene.Teflon.Tygon and PVC. Fifty-foot lengths ofTeflon 
(TFE. Polypenco. Reading, Pennsylvania). Tygon IR- 
3603, Norton Co..Akron. Ohio). polypropylene (Resinol 
Type Os. Norton Co.). and polyethylene (Resinol Type 
A@, Norton Co.1 tubing (l/S-inch l.D.1 and three 10- 
foot lengths of PVC pipe [Grade 1. Type 1 From both 
R&G Sloane Mfg. Co. Inc.. Sun Valley. California. and 
United Plastics, Houston. Texas.) (l/Z-inch I.D.1 were 

' used. The internal surface areas of the lengths of 
ubingandpipewere equIvalentAl1 tubings and pipe * were purchased from the same distributor (A-1 Plas- 

tics, Houston. Texas). 
PVC pipes were fitted into a PVC threaded union 

and reduced to 1/8 inchwith ashort(4-inch) piece of 

glue (Rectk%al,  Rector Corp.). The  other plec&bf 
PVC were connected to fittings with Teflon tape at  the 
threaded union: no glue was used. All other fitfings 
used were brass and stainless steel SwageloW. PVC 
pipes were elevated at one end to a heightof 3 feet so 
that the entire surface areawould be contacted by the 
test water for the duration of each experiment (Fig- 
ure 1). 

In each experiment a short (3- to 5-foot1 piece of 
cleanedTeflon tubing(3/1&inch ID-x 1/84nch053.) 
was used to conveytestwaterfromaglass reservoirto 
the influent end of the tubing or pipe. The exit was 
fitted to an 8mL Amberlite XAD-2 resin column and 
joined to a Masterilex pump to control flow at 
30mL/min.Afinalle~thoftubingsent theeflluentto 
a volumetric collection jar (Figure 12 

Sample Workup 
The XAD-2 macromtlcular resin columns wcrc 

solvent-stripped and the extract processed and con- 
centrated for Gas Chromatograph (GCI analysis 
according to the procedures ofJunket  aL(1974b)with 
mlnormodlfications(Tomsonetal. 19791.Oneto3 pL 
of the final concentrate \a5 injected onto aTracor560 
GC equipped with either a 50m fused silica Hewlett- 
Packard SP2100 capillary column or a 6-foot 
SP124ODA (Supelco) packed column and an FID 
detector. 
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&:en through the same overall procedure. except the 

,- tubing or pipe was deleted (Figure 1). ~ 

Procedures 
The first experiment involved pumping 20 1 of 

organic-free water (at room temperature) with a 0.5 
ppb naphthalene spike through each of the new 
tubings and thePVCpipeat30mLmin-'.Waterblanks .. were obtained by passing equivalent volumes of or- 
ganic-free water directlythrough clean resin columns. 
During the second experiment 20 1 of organic-free 
water spiked with 0.5 ppb pan-dichlorobenzene was 
pumped through each of the five plastics a t  room 
temperature. The third experiment involved passing 
Kot 80 C pure water (as might be used in a cleaning 
process) through each of the tubings, the glued PVC 
pipe and the PVC pipe with Teflon-taped unions. Ten 
litervolumes oforganic-free waterwere heated to S O  C 
in glass jars and pumped quickly (400mL/minl 
through each of the tubings and pipes. After the hot- 
water flush, 20 1 of 30 C water was pumped through 
each tubing a t  30mWmtn. Throughout each experi- 
ment. tubing leachates were collected on individual 
XAD-2 resln columns. 

The first and second experiments were repeated 
using identical conditions except that a 0.05 pg/L-I 
naphthalene spike was used in the repetition 01 the 
second experiment 

.~ Finally. awawlayermdevelopon the innerwaUof 
somePVC d'uringmanufacturing.To help remove this 
layer, one threaded PVC pipe. as before, was washed 
and swabbed (using a glass wool plug) three times 

, 

I I I 

POSkOns and heights from firit set bf 
emenmenis 
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rinsed n.ithwaterbefore use in the previous-procedu 

Results and Discussion 
'Agiaphic summaryof 

experiments is shown in 
second set of experiments 
water flush was not used 
blankshowedlittle contaminationandwas subtracted - 
from the sample chromatograms The firstset ofexperi- 
ments showed adecrease in the numbers ofleachates -.- 
after the second cool-water flush. However. the hot- 
water flush stimulated the release of additional con- 

': 

Dl 

Cl 
in 
El 

SI 
D 
CC 

W 

Y' 

li.1 
n -. 

taminants (Figure2l.AftercleaningonePVCpipelvlth Sl 
detergents and swab. no  leachates were found 

tration of leachates in each case was made by using 
the peakarea to calculateconcentrationoftheinternal 
spike (compared to a standard), then total concentra- 

h 
S 
S' 
B 
N 
rJ 

Asemi-quantitative estimate of the total concen-- --. 

tion was calculated foreachsample from thesummed 
area ofall the otherpeaks.The naphthalene and para- 
dichlorobenzenespikeswererecover~ at80 to 100 per- 
cent inalltubingexcept thosSwithQgonwhichhada _:_ 0 

total leachates from polyethylene, polypropylene. Tef- P 
Therecommendedorderwithleastcontamination : t 

ofthefiveplastics tested (after40 1 cool-waterrinse) is r 
the following: h 

a 
U p p r  Limit of Total t 

Plastics Leachate Coe-nbaiian E 

Teflon None 
PVC lnonglued) 0 to 0.1 ppb I 
Polyethylene 0.1 ppb I 

S 

50 percent or less recovery. After the first 20 1 flush, 

lon and Teflon-taped PVC were less than 2.0 ppb. 

0 

- Polypropylene 0.5 ppb 
WC-glued ' 0.5 ppb 
-rpgon . 1.0 ppb 

As expected.Teflon showed theleast contaminant 
leaching of the plastics studied. The results from PVC 
are consistent with our field observations, discussed 

, earlier, but  are much lower than the leachate values 
found by Junk et al.( 1974al.The difference is probably 
because most of the PVC they used was "flexible." The 
flexibility is  a result of adding large amounts of 
various plasticizers (up to 40 percent by weight). The 
PVC used in our workand generally used in monitoring 
wells is rigid and assembled with threaded joints We 
also found lower total contaminant leachi% forpoly- 
ethylene and polypropylene than Junk  et al, but this 
difference may have been a result of flow ra t e  tubing 
conditioning or specific manufacturing differences. 
because we have foundsimUaroveraU recoveryefficien- 
cies using XAD-2 resin as reported by Junk et  al. 
(1974a). It would be useful to study the relativeleach- 
ing from plastics made by several manufacturers. 
but  to date, no such information is available for 
comparison. 

In summary, i t  can be inferred from data and 
reportspresented herein that rigid PVC isanaccepta- 
ble alternative to Teflon for monitoring wells if it is 
washed and rinsed with room temperature water 
before installation. Furthermore. depending upon 
desired detection limits. the plastics. polyethyleneand 
then polypropylene. may be usable as well casing 
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:A,%- r:lnge is armed and presently 
-.., ~ . -  .‘.:ous to the officer o r  to others, . :,+:!d appear to be clearly unrea- 
%::;!,!Q to deny the officer the power 
:J !.,:c necessary measures t o  de- 
..-.ij;c . . . ..., whether the person is in 

: .  carrying a weapon and to 
.rr*!ize the threat of physical harm. 
:;: K.S. at  23-24, 88 S.Ct. a t  1881.1 

:‘;,Y, warnination of the whole record 
.:’:::.* ~‘:ise. we find that Glick’s petition 
-.: :-::d i j  utterly without merit.2 The 
.... :: rmrt properly quashed the writ. 

.\ i I::nted. 

cs Il . \YIJS, INC, Defendant-Appellee. ,:-4. 
’.?i, .:-. No. 71-2782. . -~.  
~.I r ~~ ~ ;,&$ ._.- g5, 
G.! Ninth Circuit. 
X Z  Nov. 1, 1973. 
r.r+ ?,e Rehearing Denied’.&. 7,1973. 
jL%, 

t‘nitcd Sbtes Court of Appeals. 

SW! 

., r_ 

. . 
?%= 
:;e 7 
:*. . .. The trustee in bankruptcy of a cor- 
?2 r?.bn sought to set aside as void as a 
:*% .-.I 1r:lnsfer an exchange by the corpo- ...-. .**.. r2:m of approximately 25.70 of its mer- 
‘.& . . - .: * . .,.<- .- -i .... inventory and fixtures for in- 
.&) .--..-y ~- . . .. and fixtures owned by another 
:..- +_  . -.I ... I?. the exchange being intended to 
st.. . .-r%nt the company’s decision t o  di- 
. .. L I .  .vri of its retail department store 
I ..:. -. . -.i::. $* and to operate instead as the 
::.‘: -‘*w of a chain of discount stores. 

. ~ .3  . ,.. .,,. . . a b  

-\: ..-_..: 
i.lt .._I ..- . .,.~. ;I  ;_, . 
~. . - _  
. .r 

.~~ .. . . .. . - ,. _.:e . ;.* :. *. . .. 

DAIiNIXG P. DAYLIN, MC. 
Cite as 485 F.2d IS5 (1073) 

. . . . ~  

The United States District Court for the 
Central District of California, Peirson 
31. Hall, J., refused to set the transzc- 
tion aside, and the trustee appealed. 
The Court of .Appeals, Eugene A, 
Wright, Circuit Judge, held that  the 
bankrupt’s “principal business”. did oot 
cease to he that of retail merchant mere- 
ly hecause of its decision to enter iiito 
discount sales, that the fact that its in- 
ventory and fixtures were exchanged for  
inventory and fiitures of another con- 
pany did not prevent the exchange from 
constituting a “transfer” within the 
meaning of the California Commercial . .  
Code, that  the transfer wag’of a “sub- 
stmtial  part” of its assets, and that the 
transfer was not in the ordinary coune 
of its business. 

Reversed and remanded. 

1. BmliTupPey =l?S(l)  
Fact that bankrupt had determined 

to cease business as retail merchant and 
become lessor and operator of discount 
stores did not mean that retail merchan-’ 
dising did not remain banhTupt’s “prin- 
cipal business” for purposes. of judging 
legality, under law governing bulk 
transfers, of exchange of portion of its 
inventory and fixtures for those of an- 
other company while ‘implementing its 
decision to leave retailing business. 
West’s Ann.Cal.Com.Code, $5 6101 et 
sey., 6102. 

See publiation Kords and Phrases 
for other judicid constructions and 
dehitions. 

2. Fraudulent Conveyances -47 
Mere fact that merchant terminntes’ 

business or  engages in other lines of en-  
ployment does not free him .from re- 
quirement of bulk sales statute as ap- 
plied to sale of stock of his foimer busi- 

hearing. We recosnire tlint appointed cum- 
scl mny not  have re;tlizcrl tliiit fcdernl courts 
are entitlcd t o  e?i:iotiue tlic cntir? record iz 
cases of tliis kind to dctcrniine vhcther n 
constitutional violotion exists dud UTO nor 
limited ~ o l c l y  t o  n revicw of tlic record .un 
trial. ns Y;BS the South Dnkotn Suiircme 
Court. 

.. 
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ness. West's Ann.Cal.Com.Code, $3  
6105,6107. 

3. Fraurlulent Conveyances -41 
Exchange by corporation of invento- 

:ry and fixtures located at sundries de- 
partment of one of its department stores 
in exchange for  housewares and hard- 
ware inventory and fixtures owned by 
another company, accomplished in imple- 
mentation of corporation's decision to 
abandon retailing business and operate 
instead as lessor of chain of discount 
stores, was "transfer" of its assets with- 
in meaning of California Commercial 
Code provisions on hulk transEers. 
West's Ann.Cal:Civ.Code, 5 1039; West's 
Ann.Cal.Com.Code, 5s 6101 et  seq., 6102; 
Bankr.Act, 3 1(30), 11 U.S.C.A. 5 l ( 3 0  

See publication 'Wards and Phrases 
for other judicial constructions and 
definitions. 

0, 4. Fraudulent Coxveymees e a 7  
Transfer of approximately 25% of 

bankrupt's merchandise inventory was 
transfer of "substantial part" of inven- 
tory within meaning of California Com- 
mercial Code provisions on bulk trans- 
fers. We&% Ann.Cal.Com.Coae, 3 

' 6102(1). 

See publication Words and Phrnses 
for other judiciul constructions nnd 
definitions. 

5. Fraudulent Conveyances -47 
Transfer by corporation of-approxi- 

mately 25% of its merchandise invento- 
ry t o  another company in exchange for 
inventory and fixtures of second compa- 
ny, accomplished to implement decision 
to withdraw from business of retail 
merchandising and to operate instcad as 
lessor of chain of discount stores, was 
not transfer "in the  ordinary course of 
the transferor's business" within mean- 
ing of California Commercial Code pro- 
visions concerning bulk transfers. 
West's Ann.Cal.Corn.Code, $ 6102(1). 

See publicntion lVordu nnd Pliruscs 
for o t l m  judiciul constructions nn$, e definitions. 

2.: .__ , a= . &* 
Where bankrupt, in implmhtation 2i 

of decision to abandon buxiness of retail -.";? 
merchandising 2nd to operate instea&as 
lessor and operator of discount, stores,,i,;i 
transferred approximately 25% of .its . 
merchandise inventory 'to  another cam-: : 
pany in exchange for inventory and fix- :$.:- 
tures of the second company, tramaction . T 
was voidahre hy trustee, in bankruptcy 
as fraudulent bulk transfer i n  zhsence -'? 
of notification' to  creditors of trans- -+ 
feror.. West's Ann.Cal:Cor.Code, 3 6101 ..? 
et seq.; Bankr.Act. F, 70, sub. ef3). :11 
U.S.C.A. § 110(e)(3). 

6.  Banktuptcy e I i g ( 1 )  8 . -.*.,. 

.,~. .- . -  .-. - ' On Denial of Rehearing 
.)c >: 

7. FYaurlulent ConveymcewbKi ;i- 

Good faith and absence of fraudu--*- 
lent intent are not defenses in action to : 
set aside bulk transfer f o r  leck of 1. 

proper statutory notice. West's Ann. ,'-. 
Cal.Co.m.Code, 5s 6101-6111. ~ 

.+ 

.. 

. ... 
_c_ 

Stephen P. Feldman (argued), Jeffrey 
Chanin of 'Quittner, Stutman, Treiste 9i. . i 
Glatt, La Angeles, Cal., for  plaintirf-ap-. <;. 
pellant. I - 

Leon Savitch (argued), of Buchdter; 
Nemer, Fields & Savitch, Los Angeles, 
Cal., for defendant-appellee. 

Circuit Judges, and RENFREFS: Dis- 
trict Judge.* 

Before HUFSTEDLER and WRIGHT. . ' 

OPINION 

EUGENE A. TVRIGHT, CircuLt 

Plaintiff Danning. trustee in bmk- 
ruptcy of First Gibson Storw, appzals 
from a judgment of the district c.5:jr: 
which denied the trustec's a t k n p t  to Cz: 
aside as "fraudulent and void" urd?? 
California law [Cal.Commereid Goik  5 
6101, et scq. (\Vest 1%4)]  .2n al!e& 
bulk transfer of the bankrupt's invento- 
ry to Daylin. The court had jurisdic- 
tion under Section 70(c)(3) of t&: , 

Judge: 

, 'l  Of tlre Xortiicm District af Cidifornio. 

Bankruptcy Act ; 
t:;)]- We. reverse 
The bankrupt, E 

~.~':ilifornia, was. i r  
1966 for  the purpos 
operating departme 
two stores late in : 
goods" (drug3, su 
etc.) and leased a p 
to concessionaires: 

' (clothing, etc.). The 
with. a n  inventory o 
goods that First G 
from 1,500 suppliers 
was closed.for lack 0. 
ary 1967. and a11 
moved to the second 
Heights. I n  Fehruar, 
son .decided t o  divest 
husiness .and operate 
sop  of a chain of di 
taok aver two ne\v stc 
liquidate its retail inve 

As part, of its eh: 
methods, First Gib: 
agreed to exchange cen 
Gibson agreed to deli 
and fixtures located a 
Partmeit of its Rowla 
in exchange for  the 
hardware inventory an 
by Daylin at  the co. 
leased at the two n e w s  
an inventory by an ir  
First Gibson and Da) 
Da1-h would pay appro 
in cash to cover the dil 
hetween the t r o  invent 
about April 20 or 21, 19 
no notice of the transact 
tors of Firs€ Gibson, wl 
cateda banltruptbn Aug, 

California's law an hu 
codification. with modifi 
ClC 6 of the Uniform CC 
.Wlich is designed to 1 
chant's unsecured crcdito 
Position of inventory 01 

course of business 
Introductory Comment, I 
Cal.Commerciai Code. 73.. 
'VMe Article 6 is aime 
Preventing fraud on th 



J. White & R. Summers, Uniform Corn-. 
mercial Code 644 (1972). 

Section 6102 of the California Com- , 

mercial Code provides in pertinmt part: 

Bankruptcy Act [ll U.S.C. 8 110(d  
(s)]. We reverse and remand. 

The bankrupt, First Gibson Stores of 
California, was incorporated in July 
1966 f o r  the purpose of establishing and 
operating department stores. It opened 
two stores late in 1966. It sold “hard 
goods” (drugs, sundries, housewares, 
etc.) and leased a portion of each store 
to concessionaires of “soft goods” 
(clothing, etc.). The stores were opened 
with an inventory of some $300,000 in 
goods that First Gibson had ordered 
from 1,500 suppliers. The first store 
w a s  closed for lack of business in Janu- 
ary 1967, and all merchandise was 
moved to the second store at Rowland 
Heights. In February 1967, First Gib- 
son decided to divest itself of its retail 
business and operate instead as the  les- 
sor of a chain of discount stores. It 
took over two new stores and began to 
liquidate its retail inventory. 

As part  of its change in business 
methods, First Gibson and Daylin 
agreed to exchange certain assets. First 
Gibson agreed to deiiver all inventory 
and fixtures located at  the sundry de- 
pnrtment of its Rowland Heights store 
in exchange for the housewares and 
hardware inventory and fixtures owned 
by Daylin at the concessions Daylin 
leased at the two new stores. Following 
an inventory by an independent firm, 
First Gibson and Daylin agreed that 
Daylin would pay approximately $15.000 
in cash t o  cover the difference in value 
between the two inventories. This was 
about April 20 or 21, 1967. Daylin gave 
no notice of the transaction to the credi- 
tors of First Gibson, which was adjudi- 
cated a hankrupt on August 1,1967. 

California’s law on bulk transfers is a 
codification, with modifications, of Arti- 
cle G of the. Uniform Commercial Code, 
which is designed to protect a mer- 
chant’s unsecllred creditors from his dis- 
Position of inventory outside the ordi- 
nary course of business. C. Williams, 
Introductory Comment, Division 6, 23B 
Cal.Cornmercia1 Code 734 (West 1964). 
While Article 6 is aimed primarily at 
Preventing ‘,fraud on the part of the 

transferor and transferee (e. g., se:Knp 
the inventory and absconding wi th  the 
proceeds), it is also intended to protect 
against inadequacy of considsration, 
even where the transferor and trans- 
feree are innocent of any wrongdoing: 

restaurant owner, garage o:t-ner, 
cleaner and dyer, o r  retail or  v:hole- 
sale merchant.” CaICommerc~aI Code 
(West 1964). (Emphasis added.) 
When a transaction falls within t h e  

scope of Section 6102. the tnnsceree  . 
must give notice of the transaction t o  
the transferor’s creditors, giving. them 
time to investigate the proposed transfer 
and to protest if necessary. 9s 6105 and 
6107. Failure to give notice rerders the  
bulk transfer “fraudulent and void” 
against the transferor’s creditors. $ 

- 

’ 6105. 

~ials, .supplies, merchandise. or other I 

inventor1 (Section 9109> of an enter- . 

vision are all those whose p+incipal 
business is that of a baker, car Le or 

.,.~.. .. . . .-.. - .,y-..* - 
&.,..,..< c I _.“  

The issue that confronts us, therefore, 
is whether the court beIow was correct 
in finding. that the transaction. com- 
plained of did not fall within the  pur- 
view of these provisions. We conclude 
that the district court was in error. 

I. 

THE ”PRINCIPAL BUSIKESS’” O F  
FIRST GIESON 

[l] The district court found that  the 
principal business of First G h m  was 
that of a retail merchznt until February 
1967, a t  which time it became a lessor 
and operator of discount stores. The 
transaction in question was on April 20, 
19G7. The cotxt concluded that  “zf. the 

. ._ . . 8 -  .I . . 
. . .  
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111. 
!’..AS A “SUBSTAXI 

TRANSFEER 
[.ti A very significar 
cyn CaIifornia’s bulk 

of its “merchant’s inventory” in bulk man” of his oivn sale. n r d  the official version 
(.‘untmercial Code i s  that  
::zs a bulk transfer as 

without notice. . The. dangeriof a bulk t n n s  
ther fraud or mere inadequacy 

[those businesses excluded from the s iderat iondan easily 9ccur A “mbstantial part” of tt 
“While some bulk sales risk exists in 

s!n?(l) (1962 official. T 
nificance is that  ‘a ‘’ml 
z+;neralIy been interprete 

ud C. Williams, Califorr 
mmt: 23B Cal.Commerci& 
I 1964). Courts ha,- 
“substantial part,” on the affect its duty to .notify creditors who 

extended credit while i t  was a retail 
merchant. 

they extended credit. ’ 

The merchandise inven 
Gibson. at the time of the 

of stock of his former business. David- .. > a. -5 “PProx?mately $SOO,OOO, 
son v. Heyman, 243 App.Div. 546, 275 Defendant argues by anaIogy to a cas2 s122~ooo worth ’Vas trans: 
N.Y.S. 870 (1934); Teich v. McAuley, excepting ‘a purchase money mortgage lin- This amount, rough: 

from the scope of the bulk sales act. In ’ 
‘cas a “substantial 

212 S.W. 979 (Tex.Civ.App91919). 
re  fikrcury Engineering Co., 68 FSupo. Gibson’s 

weak. A bulk sales act clearly should 3 
0 TIIE TRAXSFER 12. 

$ clmnge of assets, a s  occurred here, is not chant is acquiring new assets t h a t  could Tp 
ORDINARY COURSE 

a ”transfer” under Article 6. The pur- not have been the basis for  extending 4 TRANSFEROR’S BUS 
pose of a bulk transfer statute is to keep earlier credit. The California legisls- Kl IIaving produced $. .I 

merchandise and inventory as a cushion ture rccognized this Ly specificdly cx- > SWapping inventories“ i 
available to satisfy the claims of credi- f ?  practice in the retail buz 
tors. Therefore, defendant argues, ests from tlne scope of the act. Ca?.Com- 9 contends that the transfe 
where there is merely a replacement of 2 ”ordinary course of busjn 

. z  

376 (S.D.Ca1.1946). The analogy is- . :* 
11. 

WAS THERE A “TRANSFER” ? 
IV. 

not apply t o  a purchase money mort- . LT 
[3] Daylin contends that an ex- gage, since in that situation the nier; 

copting purchase money security inter: 

mercial Code 5 G103(l)(a) (West 1964). 

E 

inventory and fixtures with another In the present case, howeyer, the asset3 
. 

~ - .  . : d T %  
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DANNDTG V. DAYLIN, ITIC. 189 
Cite as 488 F.26 185 (153) 

by Firs t  Gibson were assets 
which creditors might have extend- 

yond the purview of the hulk transfer 
law. 

This contention has been soundly re- 
jected. In  Jubas v. Sampsell. 135 F.2d 
333 (9th Cir. 1950). a shoe store sold a 

ed credit. 

TTT ___. 

WAS A “SUBSTANTIAL PART“ 
TRANSFERRED? 

I43 A very significant difference be- 
tween California’s bulk transfers law 
rind the official version of the Uniform 
Commercial Code is that California de- 
fines a bulk transfer as the transfer of 
a “substantial part” of the assets, as op- 
posed to a “major part.” Compare Cal. 
Commercial Code 5 6102(1) (West 1964) 
with Uniform Commercial Code 5 

nificance is that a “major part” has 
generally been interpreted to require a 
transfer of approximately one-half of 
the transferor’s inventory. See J. Bohn 

6103(1) (1962 Official Text). The si . - -  
:*-q; 
:wz ‘Si* 

7-T. 
-.> 

:.+g .. . .- 
”.;% 

-.A- ::?@ and C. Williams, California Code Com- 
+s ment, 23B Cal.Commercial Code 73940 .;:% 
.‘i -’ (West 1964). Courts have interpreted a 

“substantial part,” on the other hand to 
be as little as 5 percent of the value 

Ji.. 2% [Reed v. Anglo Scandinavian Corp., 293 
~ - .  .-e .a, ,  F.Supp. 310 (E.DCa1.1969)], 6.3 percent 

[Narkwell & Co. v. Lynch, 114 F.2d 373 
-: K?. . (9th Cir. 1940)], 15,percent [Jubas v. 
%: Sampsell, 135 F.2d 333 (9th Cir. 1950)1, 
.$: x.5 and 16 percent [Schainman v. Dean;24 

F.2d 475 (9th Cir. 192811. 
The merchandise inventory of Firs t  2: 

;cE 
;z . Gibson a t  the time of the transfer ‘was 
:.-. 5 approximately $500,000, of which 
.i’ $122,000 worth was transferred to Day- 
.9 .:< lin: This amount, roughly 25 percent, 
-7 4. was clearly a “substantial part” of First 
3 ?. Gibson‘s inventory. .r 

:,pi 

,.? .‘i ’..’-. 
:-A ._- 

.?.. 

-. -- >- ..A>, 

-.-I 

-* 
n 

.. -+ 
a! 
rl 
.1 

IV. 

WAS THE TRANSFER “NOT IN THE 
ORDINARY COURSE OF THE 

i 
I, 

.3 

.I 

- TRANSFEROR’S BUSINESS” ? 

- [ 5 ]  Having produced evidence that 
. I  ”swapping inventories” is a common 

practice in the retail business, Daylin 
contends that the transfer was in the 
“ordinary course of business,” and be- 

:- 
L 

,@ 

quantity of shoes at one dollar per pair 
to another dealer, then declared bank- 
ruptcy. The trustee successfully moved 
to set aside the transfer as fraudulent, 
under California’s bulk sales act, despite 
the transferee’s claim that “unloading” 
unmarketable shoes in that manner was 
a normal business practice. We held‘ 
that “the ordinary course of business’’ . 
contemplated only the day to day opera- 
tion of .a store, and not transfers of a 
significant pcrtion of the inventory, no- 
matter how usual a practice the transfer 
may have been. 

“The plain meaning of the statute 
is that when a storekeeper disposes of 
a substantial part o f  his sfockin trade 
in bulk, and selling in hulk sales is not 
the usual and ordinary way in which 
he. conducts his business from day to  
day, the sale falls within the statute.” 
Id. a t  334; Reed v. Anglo Scandina- 
vian Corp.;298 F.Supp. 310 (ED.CaL 
1969). 

. 

V. 
[6] In  summary, we find that the 

principal business of First Gibson was 
that of a retail merchant a t  times rele- 
vant to the transaction, that there was a 
transfer within the meaning of Section 
6102, that  First Gibson transferred. a 
substantial part of its merchandise or 
inventory, and that this transfer was 
not in the ordinary course o f  the trans-. 
feror’s business. 

The transaction therefore came within 
the statutory notice requirements of 
Section 6107 of the California Commer- 
cial Code. Daylin’s failure to adhere t o  
these requirements renders the transac- 
tion ”fraudulent and void” against any 
crcditor of First Gibson. 8 6105. 

Daylin now offers. a subrogation de- 
fense. Since the district court neither 
-reached nor  decided this question, we 
remand ,on this issue alone. ,We refer 



19 0 ' 485 FEDERAL REPORTER, 2d SERIES 
... z* 
.*,% 
.n 

the district court to 5 70(e) of the Bank- to distribute, and they appealed. Th<..,.:g 
ruptcy .Act [ll U.S.C. 5 llO(e)] and ' Court of AppeaIs held'that where bo& .@ 
t o  Moore v. Bay, 284 U.S. 4, 52 S.Ct. 3, defendants vigorously denied the con-.+$ 
76 L.Ed. 133 (1931). spiracy and overt acts chvged  and 2d- iz 

mitted only purely innocuous acts. sue& &$ 

-. 

Reversed and remanded, 
[7] Appellee's petition for rehear- 

ing is denied. Appellee contends that 
evidence of good faith and the absence 
of fraudulent intent should be a defense 
in an action to set aside a bulk transfer 
for  lack of notice in violation of 5 6101- 
6111 of the California Commercial Code. 

We disagiee. Extending appellee's ar- 
gument to  i ts  logical conclusion, the only 
ones who are bound t o  give statutory no- 
tice of a bulk transfer are those who are 
engaging in fraud. Others need not 
because they are acting in good faith 
and there€ore have nothing to lose by 
failing to give notice. Such a result 
hardly promotes the policy underlying a 
bulk sales law that seeks to protect cred- 
itors by requiring that they be allowed 
to police bulk sales. Appellee would 
have us establish the transferor and 
transferee as the "policemen" of their 
own transaction. This would emasculate 
the very purpose of a bulk sales law. 

UNZTED STATES of Americq 
Plaintiff-Appellee, 

Steven Paul h'BvYCOill8 a n d  Wayne E. 
Lucas, Jr., DeZendmt%4ppelinnh 

United States Court of Appeals, 
Fifth Circuit. 
Jan. 17.1974. 

v. -I 

a-0.73-1659. 

Defendants were convicted in Unit- 
ed'States District Court f o r  the South- 
ern District of Florida a t  hIiami, 
Charles B. Fulton, Chief Judge, of con- 
spiracy to possess marijuana with intent 

as renting cars, being innocent bystan&- 
ers in the vicinity of the crime eharged :;-* 
and associating wit'n undercover as@-% 
who were interested in  purcliasing mari- 
juana, and. the government% case gai-e I 
little or ao cause for inference that e:- --&. 

ther defendant had- been entrapped, .$ 
there vas no occasion for hvoking anF ," 
exception t o  the generalnde :hat tine de- .-- 
fense of entrapment is unavailable to . 
one who denies commission of the acts . . 
constituting the offense e h a ~ d ' ;  it fur--:& 
ther  held tbst  where the governnent. 
agent in charge of the case-testified be- 3+ fore the grand jury 2nd there was. no 
reason to suspect th t  the indictment 
was ill-founded,. the trial court did not .$ 
abuse its discretion in  r e f u s b g  to order :2 
minute; of the grand juri; testimony :.L: 
produced fo r  defendants. " -  . .  _I. 

-i. ;- . 2: 
+: .. . .- Af f irmkd. 
. .  ,.- 

1: Criminal 53w -752(6) 
Where both defendants vigorously -i~: 

denied participation in  alIeBd conspir-. .;; 
acy to posses marijuana .with intent to .. 
distribute, only overt acts admitted by : 
defendants were purely innocuous ,one3 - 
of renting cars, being innocent bystand- ~*. 
ers in vicinity of crime c h a r z d  and ai- *. 

sociating with .undercover agents- wko .- 
were interested in porchasing marijua- -.- 
na, and government's case gave little or  ,? 
no cause for inference tha€ either 82- 
fendant had been entrapped, defendants '- 

were not entitled to  instruction on Zt- . : 

feme of entrapment! Conprehensk  
Drug Abuse Prevention 2nd Control Act 

.of 1970.5 406,2LU.S.G.A.§S4@. 

2. InCictment and Informtion 

- 

-10.1(!2, 7) 
Indictment based exdusisely 03 

hearsay evidcncc is not constitutionnit? 
invalid, and defendant is no: entitled ta 
litigate sufiieiency of evidence presented 
t o  grand jury. 

.. 
. :  
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which sells Bubstances on t h i s  L i s t  must a l s o  provide purchasers 
with MSDS. 

I f  you are an employer who uses substances on t h e  L i s t  t o  
I - which:workers might be exposed under either normal work conditions 
0 or reasonably foreoeeable emergency condi t ions r e su l t i ng  from 

wrkplace operations,  you must give those workers information 
based on MSDS and a copy of the MSDS upon request,  and t r a i n  them . 
t o  work sa fe ly  with these hazardous substances. Refer t o  General 
Industry Safety Orders 5194 and 3204 for requirements regarding 
MSDS. Refer t o  General Industry Safety Orders 5194 and 3203 f o r  
requirenentn regarding employee t r a in ing .  

If you a r e  a worker, ask your mployer  whether you work with 
any substances on t h e  L i s t .  If you do, your employer m u s t  provide 
you with information, including Material Safety Data Sneets, and 
t ra ining for working safely with these hazardous substances. See 
General Industry Safety Orders 5194, 3204, and 3203 fo r  specif ic  
information about your r igh t s .  

~ - 

INTRODUCTION 

The L i s t  of Hazardous substances was developed by t h e  Director 
of t h e  Department of Indus t r i a l  Relations pursuant to t h e  provision 
of t h e  Hazardous Substances Information and Training-Act (SB 1874). 
The substances on t h i s  L i s t  are subject  to t h e  requirements of 
General Industry Safety Order 5194 of T i t l e  8 of t h e  California 
Administrative Code and Division 5, Chapter 2.5 of the Cal i fornia  
Labor Code. The Hazardous Substances Information and Training A c t ,  
implemented by GIs0 5194 became e f f e c t i v e  and enforceable on 
February 21, 1983. 

Safety Data Sheets a r e  required. "Hazardous' is a r e l a t i v e  term, 
and the degree of harard t o  human hea l th  of these substances 
v a r i e s  widely. Substances on the L i s t  a r e  i den t i f i ed  by t h e i r  CAS 
number. The CAS limber is  a number assigned by t h e  Chemicai Abstrac, 
Service t o  give a spec i f i c  chemical substance a unique iden t i ty .  
Substances are included on t h e L i s t  because they appear i n  one 
or more of the sources l i s t e d  below. The source(s)  of each 
hazardous substance on t h e  L i s t  i s  designated by a number i n  t h e  
middle column of the L i s t .  The numbers represent  t h e  following 
sources: -- 
(1) Internat ional  Agency for Research on Cancer ( IARC) (human or 

animal carcinogens) 

( 2 )  Environmental Protection Agency - Federal clean Water and 
Clean A i r  Acts 

(3) CAt/oSIuL l i s t  of airborne chemical contaminants (GISO 5155) 

14)  California Food and Agriculture Code list of r e s t r i c t e d  materia: 

(5) Hazard Evaluation System and Information Service hazard a l e r t s .  

Substances included on t h i s  L i s t  a r e  those f o r  which Material  

. .  - -  - _ _  - _ " ^  

The L i s t  of Hazardous substances w i l l  be reviewed and revised, 
as appropriate,  annually, T i t l e  8 Section 337 describes how 
substances w i l l  be added to  or deleted from t h e  L i s t .  

The resources l i s t e d  on pages 39 and 4 0  w i l l  assist you with a1 
fu r the r  questions you may have about your r i x h t s  and r e spons ib i l i t i i  
under the Hazardous Substances Information and Training A c t  and 
General Industry Safety Order 5194 or about substances included 
on t h e  L i s t .  

substance a t  a certain percentage) l i s t e d  on t h e  L i s t  of Hazardous 
Substances. you must prepare and provide a Material  Safety Data She1 
(MSDS) t o  anyone who purchases t h e  ma te r i a l  O r  r i t h i n  15 vorking 
days t o  anyone who requests the MSDS. Any o the r  pe rmn  or company 

I f  you manufacture a substance (or a mixture containing a 

" 

4 

0 
3 

1 
i e *~ 
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FOOTNOTES! CAS NO. SOURCE SUBSTANCE 

628637, 123922. 2.3 
626380, 625161 

62533 2.3 
90040 3 
104949 3-  

7440360 2.3 
2.3 
1.2.3.4 

Fay1 acetate, all isoners SOURCZ - SUBSTAUCE 

Acenaphthfne 
Ace tsldehyde 
Acetic acid 
Acetic anhydride 

Aniline 
o-Anisidine 
pAnisidine 
Antimony 
Antimony caTpounde 
Arsenic and arsenic 

compounds 

I 

2 
2.3 
2.3 
213 
3 
2 
3 
3 
2 
2 
3 
2,3 
3 
3 
213.4 
3 
1.2.3.4 
1 

83329 
75070 
64197 3 .  

4 
32 108247 

67641 
75865 
75058 
53963 
506967 
79367 
74862 
540590 
79276 
79345 

Acetone . 
Acetone cyanohydrin 
Acetonitrile ~ 7784421 3 

1332214 1.2.3 
WX8052424 3 

1912249 3 
492808 1 
115026 1 

Arsine 
Asbestos 5 ,  
Asphalt (petroleum) fumes 6 
Atrazine 
Aursraine 
Azaserine 

Barium, soluble compounds 2 
Benemyl 
Benztaianthracene 
Benzene 
Benzidine (and its salts) 31 

Benzocbr fluoranthene 
Benzoic acid 7 
Benzonitrile 
Benzoriup rene 
Benzoyl cl%oride 
Benzoyl peroxide 
Benzyl chloride 
aenzyl violet 4B 
Beryllium and beryllium 

Biphenyl 
Bis(chloromethy1) ether 31 
Bis(dimethylthiocarbamoY1)- 

~,N-~is(2-chloroethylJ-2-naphth~l- 

compounds 

disulfide 

z-Acetylaminofluorene 
Acetyl bromide 
Acetyl chloride 
Acetylene 
Acetylene dichloride 
Acetylene tettnbrcsiide 
Acetylene tetrachloride 
Acrolein 

2.3 
17804352 3 

56553 1 
71432 1.2.3 

531851, 531862, 1.2.3 
92875 

205992 1 
65850 2 

100470 2 
50328 1 
98884 2 
94360 3 

100447 2.3 
1694093 1 

1,2,3 

~~ ~ 

107028 Acrylamide 

~ctin~aycinn 

Aflatoxins 
Rldicarb 
Aldrin 
~ 1 1 ~ 1  alcohol 

-ACryl.Onitril* 79061 
107131 

1402386, 1397780. 
8052162, 50760, 
1402546, 12623788 

116063 
309002 
107186 
107051 
106923 

2179591 

1 
4 
213e4 
213.4 
2 1 3  
3 
3 
3 
3 
4 
3 
3 

1 ~ 3  
1 

----< - 
Allyl chloride 
Allyl glycidyl ether 
~ i i y l  propyl disulfide 
Aluminum 

12 

3 
.. Aluminum, alkyls 
Aluminum phosphide 
Aluminum pyro powders 
Aluminum, soluble salt5 

92524 3 
542881 1.3 

3 
2 0 8 5 9 7 3 8 

2 
31 

92671 
712685 

4-~minodtphenYl 
Z-R%ino-5- (5-nitKO-z-fUl 

1.3.4-thiadiszole 
494031 1 

115322 3 ~ 4  
amine 

l,l-ais-(pchlorophenYl)-2.2,2- 
trichloroethanol~dicofol) 3 

4 
1 

2-minopyridine 
4-~~inopyridine 
o-minoamtoluene 
Amitrole 

504290 
3 

13 0 3 8 6 2 3 
10294334 3 

314409 3 
7726956 3 

74975 3 
75274 . 2  
75252 < 3  
75638 3 

106990 3 
78933 3 

123864. 105164, 2.3 
540885 
141322 3 

504245 
97563 

. 61825 
Borates, tetra, scdium salt6 8 
Boron oxide 8 
Boron tribtomide . ,  sromacil 

1 
- 3  
2 

._._.. ~ - .  
Ammonia 
Amnonium bisulfite 

.-.~. 
75 6 4 417 

10192300 

13826830 
1336216 
6009707 

'16919190 
7773060 

iiii7ao 
Branine 
Bromochloraaethane 
Brmodichloromethane 

2 
2 
2 
2 

Ammonium carbamate - 
Ammoniuio fluoborate 
Ammonium hydroxide 
Ammonium oxalate 
Ammonium silicofluortdc 
Armnium sulfamate 
Ammonium nulfide 
Ammonium eulfite 

thiocyanate 
m n i u m  thico.ulfat* 

29 
Bromoform 
srmotrifluoromethane 
1.3-Butadiene 
2-Butanone 

2 
2.3 
a 
2 
2 
2 

I 
12135161 
10196040 
1762951 -. . -. . . 
1183188 

6 5 
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SOURCE - C- SWSTANCE 

B u t y l  a l c o h o l  

eu ty lamlne ,  a l l  isomers 

FfJOl'NGTES 

213 > 510156 4 
2698411 ! 7 3 

c h i o r d i i k y l  ekbers 
c h l o i o b e n z i l a t e .  
o-ctilorobenzylidene- ,. m a l o i o n i t r i l e ,  , 
c h 1 b r o d i f l " o ~ r m e t h a n e  iPC-i2) 
Chlo~bfOKm 
1 ~ C h l o K ~ l ' ~ ~ t ~ O p ~ O ~ ~ n e  
C h l o r o p i c r i n  , 
2-chlorophenol  
Chldroprene 
o-Chloro i tyrene  
C h l o r o s u l f o n i c  a c i d  
ChloiotOluene 
3 - c h l o r e p - t o l b i d i n e  

hydrochlor ide  , 
2-Chlore6-( t r ichlOrO- 

methyl)  pyr  idihe 

Chromic; k h r ~ o u s ,  
1, dtid,bhiomate salts 
Chromium 

C l o p i d o l  
coil tar pit& v o l a t i i e s  
C o b a l t  
Cobal tous  tkoinide 
cobi iMuf i  formate. 
COba_lto"s su l famate  
ccipper r . _  .. . 
copper  c ~ p o u i i a s  
:Cotrdn d u s t  
Cotim%phos 
~ C ~ i S ~ O l , .  
t r&?naldehyde 
Cudene. 
cybnHiiiiAb , kyi++, ihorgaf i ic  ' sa l t s  
Cyanogen 
'Cyahbg,en ,ch lo? ide  
Cyca'sin,..- 
'Cycldhcxane I .  .,.> 
Cyclldh6xbnol 
C yclnhexhnone 
'CybloheSrene. 

'cy+ohexylamine 
Tyclopentadiene  
'CyclophosphhDIide. 
'cyclbtf imcth lene-  

, t r i n i f r a m L e  

ch1orpyLifom 

c i t r u s  Re6 no. 5 .  - _ _  
c l o n i t i h l r d - -  - 

~ c y c ~ o h k % i a ~ i a e ~  ,. 

71363. 78922, 3 

109739; 78819, 2 r 3  
513195, 13952846. 
756r19 

75650 

299865 3 75656 
67663 

600259 
76062 
95578 

590216 
1331288 
7 7 9 0 9 4 5 

95498 
7745893 

1929821 

292i882 

7 4 4 0 7 3 
-..-6358538- 

3 .. 
3 

2 

1;2,3 

3.1 

4-tert-%utyl-Z-chlorophenyleethyl 
methylphosphoramidate 

n-Butyl q l v c i d v l  e t h e r  1 2  2426086 
138227 
109795 
140578 

3 
3 
3 
1 

n-But$l i a c t a t ;  
"-Butyl mercaptan 
2-lP-tert)-Butylphenoxylisopropyl- 

2-chloroe thvl  s u l f i t e  
98511 

I07926 
3068880 

3 
2 
1 

p-ter t - l u t y l t o i u e n e  

beta-Bwtyrolactone 

Cadmium and cedmiun o x i d e  
Cadmium compounds 
ca lc ium c a r b i d e  
Calcium cyanamide 
Calcium dodecylbenzene- 

s u l p h o n a t e  - Calcium hydroxide 
Calcium hypdchlorite . 
Calcium oxide 
Camphor 
Caprolactam 
Capkafol  
Captan C a r b a r y l  

alph6-2-Car.bmethoxy-l- 
methylv inyl  d imethyl  
phosphate  Inevinphos) 

carbon b l a c k  
Carbon d i s n l f i d e  

. B u t y r i c  a c i d  

3 

75207. 
156627 

26264062 9 

- _  
3 

a i  
- .  

3 

3 

27 

i.2.3 
.,1 

4 
3 
3 
3 
2 
2 
2 

2 ~ 3  
3 
2 
2.3 
2 i  3 
3 
3 

3 
2 
1 
2.3 

3 
4 
3 
3 
1 
3 

2.3.4 

2,: 

2 , L i  

; 

1305620 
7778543. - 
1305788 

76222 
105602 

2425061 
133062 

63252 
7786317 

3 

3 
3 

- -  2 - .  .- 

i i i o i a 4  3 
3 
2.3 
2.3.4 
2.3.4 

1789437 . ~ 544183 
14017415 
7440508 

56724 
MX0026946 

123739 
98828 

120042 

3 
2 .3r l  
3 
3 

4 
3 
3 
1 
2.3-4 
4 
4 
2 
2 
3 
2 

i.?,3,a 

10 

Carbon monoxide 
Carbon t o t r s b r m l d e  
Carbon t e t c a c h l o r i d s  
Carbophenothion 

.X&iss 

110827 

;, c.5.06774 
14901687 

~ 0 8 9 3 0  
$08941 
110838 

catechol 
Cesium hydroxide 
'Chlbrambucil ~~~~ 

Chlbrdane  
'%hlordimeform 
Ch1or.f env'ihphos 
C h l o r i n a t e d  benzenes 
C h l o r i n a t e d  t n e s o l s  
C h l o r i n a t e a  ,d iphenyl  .oxide 
C h l o r i n a t e d  naphtha lenes ,  , (other  than  

those  l t s t e d  elsewhere)  
c h l o r i n e  

~ 

66819 

542927 
50180 

121824 

.94757 

108918 

2 ,.3 
3 
3 
3. 

7782505 
10049044 

107200 
532274 

C h l o r i n e  d i o x i d e  
Chlororce ta ldehyde  
a lpha-Chloroxetophcnone  

7 * -  
a 

v 1.. 



h 0 
CAS NO. SDURCII SUBSTANCE ?COTNOT*. 

2.4-0 phenoxyacetlc ester (2.4-dichlor- acid ester1 CAS NO. 

76142 

SDURCB 

3 

2.3 
3 

3 
3 
2.3.4 
1 
2,3 
3 
3 
1 
1 
1 
3 
1 
2.3.4 

SWSTANCE FCCTNDTES 

l,2-Di~hl0r0-1.l,2,2-tet~afluoro- 

Dichlorvos 
Dicvclohexvlmethane-4.4'- 

ethane (PC-114) 
62737 

5124301 

77736 
102545 
60571 

2.4-DB (2.4-dichloro- 

n w  f ! ~ .  1.1-trichloro-2.2-bis 
phenoxybutyrlc acid) di i socya'nr te 

Dicyclopentadiene 
Dicyclopentadienyl iron 
Dieldrin 
Diepxybutane 

50293 213.4 

120365 I 

--. . _ .  ~~~ 

(pchlorophenyi) ethane) 
2.4-DP (2.4-dichlorophcnory- 

propionic acid) 
Daunomycin Deceborane 

Demeton 
N!N'-Diacetylbenzidine Dialifor 

4.4-Diamlnodiphenyl ether 
2,4-~iarninotoluene 
oiazlnon 
Diazomethane 
. Dibenzpa,haacridine 

12 1464535 
109897 
100378 
111400 

1615801 
56531 

Diethylanine 
2-(Diethylanino)ethanol 
Diethylenetriaminc 
1,2-Diethylhydrazine 
Diethylstilboestrol 
Diethvl sulohate 64675 

2238075 
94586 

biglycidyl~ ither 
Dihydrosafiole 
2.3-Dihydro-2,2-dimethyl-7-benzo- 

furanyl methylcarbamate 1563662 

108838 
108189 
119904 

6923224 

127195 
124403 
60117 

55738540 

3 
3 
1 
3.4 

Diisobutyl ketone 
Diisopropylarnine 
3.3'-Dimethoivbenzidine 

Dlbenz I D ,  jiecridinc 
~lbe"i6~,hia"th~ac~ne 
7H-DI benzo~c.s~carbarole 

jl[Dimethoxy phosphinyl0xy)-N- 
methyl-cis-crotonamide (mono- 
crotophos) 

N.N-Dimethylacetamide 
Dimethylmine 
4-Dimethylaminoazobenzene 
trans-2g Dinethylamino) 
methylhnos- 
532- (5-nitro-Z-furyl) vinyl%- 
1.3.4-oxadiazole 

N,N-Dimethylaniline 
3,3'-Dimethylbenzidine 
Dimethylcarbamoyl chloride 
0,O-Dimethyl 0-(1.2-dibromo-2. 

2-dichloroethvl) phosphate 

Dibenzota.;zpyrene 
Dibenzota, hlpyrene 
nibenrota. ilrwrene 

189640 1 
189559 1 

94360 3 
1304003 3 

96128 1.3 
75616 3 
102818 3 
128370 3 
107664 3 

1918009 2.4 
1194656 2 
117806 2 

7572294 3 
1.2.3 

72559 2 ~ 4  

3 
2.3 
1.3 
1 

- . -.- 
Dibenzoyl peroxide 
Diborani 1,2-uibrmc-3-~blor0propane ~ 

Dibromodifluoromethane 
2- IDibutvlaminol ethanol 

1 2,6-Di-t;rt-butyl-p-CreSOl 
Dibutyl phosphate 

121697 
119937 
79447 

300765 

3 
1 
1 
2.3 

Dicamba 
Dichlobenll 
Dichlonc 
Dichloroacetylene 
Dlchlorobenzidine (and its salt51 
1,l-Dichloro-2,2-bis 

3,3'-Dichloro-4,4'- diaminodiphenyl ether 

lr3-~ichloro-5,5-dirneth~1- 

(pchloropheny1)ethylene 

Dichlorodifluormethane (FC-12) 

hvdantoin 

Dicamba 
Dichlobenll 
Dichlonc 
Dichloroacetylene 
Dlchlorobenzidine (and its salt51 
1.1-Dich10r0-2.2-bi6 

Dichlorodifiuor&ethane (FC-12) 
lr3-~ichloro-5,5-dirneth~1- 

hvdantoin 

68122 
57147, 540738 
115902, 115913 

86500 

3 
1.3 
3.4 

2.3~4 

N,N-Dimethylforiiamide ~ 

Dimethylhydrazine (all isomers) 
0.0-Dimethyl 0-~p(methylsulfinyl1 

uhenv12 uhosuhorothioate 

(pchloropheny1)ethylene 
3,3'-Dichloro-4,4'- diaminodiphenyl ether 28434868 1 

75718 3 
118525 - 3  

ifeniuif6thiknI 
0.0-Dimethyl s-t(&oxo-benzotri- 

azino-3) methyls ,phosphorodi- 
.!.,--en 75A7A 3 Diciiloromonofluoromithane 1.1-Dlchloro-1-nitroethane (FC-211 

2,4-uIchlorophenol 
2.4-Dichlorophenyl pnitrophenyl 

DIchloropropanes 

DichLoropropeneP 

2,2-Dichloropropionic acid 

ether 

. .  

10265926 
950378 

4 
4 

0,s-Dinethyl phosphoramidothioate 
0.0-Dimethyl phofiphorodithioate. 
S-ester with 4-(nercaptmethyll- 
2-methoxy- sz-l, 3,4-thiadiazolin- 
5-0ne 

594729 3 
120832 2 -  

1836755 4 

26638197, 70875. 2.3 
142289, 78999 
26952238, 542756. 2.4 
7 R R R C  

75990 2 

10 9 



- FWTNGTEJ SOURCE SUBSTANCE - CAS NO. SWRC1: SUBSTANCE 

107211 
628966 
111762 
110805 
111159 

3 
3 
2.3 
3,s 
3 

Ethylene glycol 
Ethylene glycol dinitrate 
Ethylene glycol wnohutyl ether 
Ethylene glycol monoethyl ether 
Ethylene ql~col monoethyl ether 

1 4  

12  

77781 
25154515, 99650, 
100254. 528290 

534521 
siza5, 329715, 
513560 

148016 
25321146r 121112, 
121142, 606202. 
610399, 602017, 
619518 

80857 
123911 
78342 

1.3 
2.3 

Dimethyl sulfate 
Dinitrobenzenes. all Laomera 

4,6-Dinitre~-crebol 
Dinitrophenols 

acetate- - 

acetate 

Ethylene glycol monomethyl ether 
Ethylene glycol nonomethyl ether 

3 
2,3 

3,5-Dinitro-o-toluarnlds 
Dinitrotoluenea, ail isomers 3.5 

3 
109864 
110496 

151564 
75218 

3 
1 ~ 3  
1 
3 
3 

Ethyleneiaine 
Ethylene oxide 
Ethylenethiourea 
Ethyl ether 
Ethyl formate 

4 
1.3 
3 .4  

Dinoseb 
p-Dioxane 2,3-p-Dioxanedithiol 5 , s - b i a  

(O#O-diethyl phosphorodith~O~tC1 
idioxathion) 

Diphenylmine 
Diphenylhydrezlnc 
DlpropyIene qfycot manomethyl 

Diquat 
Disulfiram . 
Disulfoton- . - - . - . . 
Diuron 

ether 

Dodecylbenzenesulfonic acid 3 

96457 
60297 

109944 
75343 

16219753 
75081 
62900 

Ethylidene chloride 
Ethylidene norbcrnrne 
Ethyl mercaptan 122394 

38622183 
1321217 

3 
2 
3 

283 
3 

-2i3.4 
2,3 
2 

Ethyl Rethabcsulphonate 
Ethyl 3-methyl-4- (8ethylthio)- 

phenyl (1-methylethyllphos- 
Phorzmidate. 

22224926 
2764729 

97778 
'- -298044 

330541 
27176870 

_ _  - 100713--- 
56382 
78104 

.. 3. ._ 
4 
3 

3 
2 ~ 3  
2 
2.3 

3 
4 
3 
3.4 
2.3 
3 
283 
1 

.N-EthylQoKpholine _ _  - ___ 
Ethyl parathion 
Ethyl silicate 

301053 
1336169 
206140 

Perbarn 
Perrovanadim dust 
Fluoranthene 
Fluoride, and inorganic 

fluoride ccapounds 
Fluorine 
Pluoroacctaaide/l081 
Plaorotrichlorornethane 

3 60004 
115297 

2 
2.3.4 
2.3,4 
2.3 
3.4 
1 

EDTA 
Endosulfan 
Endrin 
Eoichlorohvdrin 

72208 
106898 
2104645 

50282 
53167 

141435 
57636 
563122 
141786 
140885 
64175 
75047 
541855 
100414 
74964 

106354 
75003 

13194484 

12 

13 

EPN 
Estradiol-17B 7782414 

640197 
75694 

944229 
50000 
75127 
64186 

3570750 

1 
3 
1 
2.3~4 
3 
3 
3 
2.3 
3 
2 ~ 3  
3 
3 
3 

Estrone 
Ethanolamine 
Ethinvloestradiol PonOf08 

Formaldehyde 
P o r n d a e  Ethi.0; 

Ethyl acetate 
Ethyl acrylate 
Ethyl alcohol 

Formic acid 
2-(2-Formylhydrazino)-~- 

iS-nitre2-furyl) thiazole 

4 0-Ethyl S,S-dipropyl 

Ethylene chlorohydrin 
Ethylenediamine 
Ethylene dibrmide 
Ethylene dichloride 

phosphorodithioate (ethopropl 
107073 
107153 
106934 
107062 

33 

ll 

1, 

12 

. .  . e  k- 



w .  
KSTNGTES FOOTNOTES .. SOURCE SUBSTANCE -.- CAS NO. SOURCE SWSTANCE - 

2 Fumaric acid 15 
2.3 Furfural 
3 Furfuryl alcohol 

7647010 
74908 

7664393 
7722841 
7783064 
123319 
141662 

2.3 
2.3.4 
2.3 
3 
2t3 
3 
3.4 

3 

Hydrogen chloride 
Hydrogen cyanide 
Hydrqen fluoride 
Hydrogen peroxide 
Hydrogen sulfide 
Hydroquinone 
3-uydrcxy N,N-dimethyl-cis-crOt0- 
- "amide dimethyl phosphate 

4-~ydroxy-4-methyl- 

Indene 
Indium and indid compounds 
Iodine 

.(dicrotophos) 

2-pentanone 

110178 
I . 98011 

. 98000 

HX8006619 
7782652 I 3 Gasoline 16 

3 Germanium tctrahydride 
3 Glass, fibrous or duat 

111308 
765344 
556525 

1782425 

3 
1 
3 
3 

Glu tv raldehyde 
Glycidaldehyde ' 
Glycidol 
Graphite 

Hafnium 
Haloethers lather 'than those 
listed elsewhere. includes chloro- 

123422 

95316 

12 
17 

3 
3 
3 
3 
1 
3 
3 
2.3 
3 
3 
2.3 
3 
2 
2 

7440586 3 
2 

7553562 
75478 

. 9004664 
1309371 

13463406 

Iodoform 
Ircn dextran 
rron oxide 3 

18 

phenylphenyl ethers, brmophctyl- 
phenyl ether, bia(dichloroisopropy1) 
ether, bis(ch1oroethoxy)methane 
and polychlorinated diphenyl .therm) 

3 . Helium 
2.3.4 Heptachlor 
3 n-Heptane 

213 Hc~achlorocyclohaxane 2 
2.3 Hexachlorocyclopentadiene 
3 Hexachloroethane 
3 Heraflucrcacetone 
2.3 eexachloronaehthalene 

uexachlorobutadiene 

Iron pentacarbonyl 
Iron salts, Soluble 
rsoamvl alcohol . 1440 59.1 

76448 123513 
78831 
78591 

4098719 
78795 

42504461 

114261 

i&b&yl alcohol 
Isophorone 
Isophorone diisocyanate 
isoprene 
xsopropanolamine dodecyl- 

I42845 
87683 

608731 
9 77474 

67721 
684162 

1335871 
684162 
822060 
600319 
110543 
108849 

binzisulfonate 

lorowxur) 
2-Isopropoxyphenyl N-methylcarbamate 3 ~. ~ 

3 riexaf luorcacicone 
3 sexamethylene diinocyanatc 
1 HexamethvlohosDhoremide 

108214 
67630 
75310 

108203 
4016142 
120581 

3 
1.3 
3 
3 
3 
1 

1s&o;y1 acetate 
Isopropyl alcohol 
Isopropylamine 
Isopropyl ether 

Isosafrole 
Isopropyl glycidyl ether 12. 

Ketene 
Repone 

~ - -  - 
3 n-Hexane 
3 
3 
1;'3 
3 
2,3 
2.3.4 
2.3 
3 
3 

' 3  

sec-Hexyl acetate 
Hexylene glycol 
Hydrazine 
Hydrobromic acid 
Hydrdchloric acid 
Hydrocyanic acid 
Hydrofluoric acid 
Eydrogen 
Hydrogenated terphenyls 
Hydrogen brmide 

107415 
302012 

10035106 
7647010 

74908 
7664393 
1333140 

463514 
143500 

303344 
7439921 

58899 
7580678 

3 
1,2 

Lasiocarpine 
Lead 
.Lead cospounds 
Lindane 
Lithium hydride 

3 

10035106 

13094184 
121755 

3 Magnesium oxide 
2.3 Halathion 

14 13 



CAS NO. 

. 101144 

5124301 ' 

838880 
101688 

1338234 
107313 
60344 
74884 

110123 
108112 
108101 

74931 
80626 
66273 

16752775 

70257 

298000 

98839 
56042 

'315184 
12001262 

624839 

.681845 .. . 

23n5855 
50077 

7439987 

315220 
110918 
139913 

505602 

UX8030317 
91203 

25551284 
134327 
91598 
86884 

1338245 
7640020 

54115 
61574 

7697372 
10102439 

602879 
100016 

SOURCE 

1-3 

3 

1 
3 
3 
3 
3 
1.3 
3 
3 
3 
3 
2.3 
2.3 
1 
314 

1 

2.3.4 
. 3  
3 
1 
2 
3 
3 
1 
1 
3 
3 
1 
3 
1 

1 

3 
2.3 
3 
3 
1.3 
3 
2 
1.2.3 
1.2.3 
3.4 
1 
2.3 
3 
1 
3 

SUBSTANCE 

4,4'-Hethylene bis(2-chloro- 
ani 1 int I ._. . ~ .  

Hethylene bin 
(4~cyclohexyli.ocyonatc) 

4.4-Hethvlsna bisi2-rnethvlaniline) ... ~ ~~~ 

Hethyltne bie (4-pb;nyl iiocyanate) 
Methyl ethyl ketone peroxide 
Methyl formate 
Hethvl hvdrazim 
HethGl ikide 
Methyl isoamyl ketone 
Hethyl isobutyl carbinol 
Methyl isobutyl ketone 
nethyl isocyanate 
Methyl mercaptan 
Methyl methacrylate 
Hethyl methanesulphonate 
S-Hethyl N-~(rmethylcarbamoyl~oxyr 

N-Hethyl-NO-nitro-N-nitroso- 
thioacetamidate (methomyl) 

guanidine 
Hethyl parathion 

-Hethy1 silicate - -  
alpha-Hethylatyrene 
Hcthylthiouracil 
Mexacarbate 
nica 
Mineral wool f iber  
Mirex 
Hitmycin C 
Holybdenvn 
nolybdenum cDopounds 
Monocrotolinc 
Horpholine 
5- (Horpholinol~tbyl)-3- 

Huvterd Gas 

[(s-nitrofurfurylidenc)- 
Z-oxazolidinOne 

Naphtha, coal tar 
Naphthalene 
Naphthalene diiaocyanate 
alpha-Naphthylamine 
beta-Naphthyladne 
l-(l-Nnphthy1)-2-thiOUWa 
Naphthenic acid 
NickeA 
Nickel ccnpounds 
Nicotine 
Niridarolc 
Nitric acid 
Nitric oxide 
5-Nitroaccnaphtbene 
p-Nitroqniline 

. 

.minos- 

19 

3 
20 

31 

3 

CAS NO. 

, 110167 
108316 

7439965 

12079651 

94746 

148823 
2032657 

531760 
141797 
72333 
72435 
79209 
74997 

96333 
126987 
109875 
67561 . -  
74895 
110430 
100618 
95534 

_ _  

75558 
592621 
74839 
591786 
74873 
71556 
107302 
137053 
108872 

1331233, 591231, 
583595. 25639423 

583608 
12 10 8 13 3 

HX8022002 
75092 

SOURCE - 
2 
2.3 
3 
3 
3 

4 

1 
2 
2.3.4 
1 
3 
1 
2.3 
3 
3 
3 

1 
2e3.4 
3 
2.3 
3 
3 
3 
3 
3 

3 
3 

3 
2.3 

SUBSTANCE 

Haleic acid 
Haleic anhvdri'de 
Hanganeae 
Manganese compounds 
~anoanese. cvcloucntadienvl- 

tiicarbbnyi * 

MCPA (Z-methyl-~-chlOr~ 
phenoxyacetic acid) 

Helphalan Hercaptodimethur 

uercury and mercury compounds 
Herphelan 
Hesityl oxide 
Hestran01 
Hethozvchlor 
Hethyl- acetate 
Hethyl acetylene 
Methyl acetylene-propaditne 

Hethyl acrylate 
alpha-Methylacrylonitrile 
He thylal 
Hethvl alcohol. . .  ~. - 

mixture 

MethGlamine 
Hethyl n-amyl ketone 
N-dethylaniline 
o-Methylaniline 
2-Methylaziridine 
Hethylazoxymethyl acetate 
Methyl bromide 
Hethyl n-butyl ketone 
Hethvl chloride 
Heth;i chloroform 
nethyl chloromethyl ether 
Hethyl 2-cyanoacrylate 
Hethylcyclohexane 
Hethylcyclohexanol. all isomers 

eMethylcyclohexanone 2-Hethylcyclopentadienyl 

nanoanece tricarbonvl 
Hethyi deneton 
Hethylene chloride 

FOOTNOTPI 

3 

30 . _ _ _  

31 

16 

0 
15 

1. 

b "  



, 434071 
10028156 

30525894 
2074502, 1910425 

56382 
1303975 
1321648 
87865 

109660 
107879 
127184 
75707 
62442 
108952 
92842 
106503 
101848 

122601 
100630 
108985 
638211 
298022 

4104147 
75445 

13171216 
7803512 
7664382 
7723140 

10025873 
10026138 
1314803 
7719122 

85449 
626175 

1918021 
88891 
83261 

SOURCE - 
1 
3 

2 
3,4 
2.3.4 
3 
2.3 
2.3 
3 
3 
2.3 
3 
1 
2,3 
3 
3 
3 
3 

3 
3 
3 
3 
3.4 
4 
2.3 
4 
3 
2.3 

. 2i3 
2 
3 
2.3 
2,3 
2 
3 
3 
3.4 
3 
3 

3 

I .  I .  

SUBSTANCE 

oxpetholone 
ozone 

paraformaldehyde 
Paraquat 
Parathion 
Pentaborane 
pentachloronaphthalene 
pentachlorophenol 
Pentane .~ 
2-pentanone 
perchloroethylene 
perchloromethyl mercaptan 
Phenacetin 
Phenol 
phenothiazine 
pphenylencdianine 
Phenyl ether. VaPr 
Phenyl ether-diphenyl 

Phenyl glycidyl ether 
Phenylhydrazine 
Phenyl mercaptan 
Phenylphosphine 
Phorate 
Phosacetim 
Phosgene 
Phosphamidon 
Phosphine 
Phosphoric acid 
PhoSDhoLUs 

(eutectic mixture).vapor 

~ 

phosphorus oxychloride 
phosphorus pentachloride 
phosphorus pentasulfide 
Phosphorus trichloride 
Phthalete esters 
Phthalic anhydride 
m-phthalodinitrile 
Picloram 
Picric acid 
2-pivalyl-1.3-indandione 

(pindone) 
platinum, soluble salts 

22 

14 

14 
12 

SOURCE SUBSTP.NCE - - CAS NO. 

'& 0 

98953 
100005 
92933 
79243 
555840 

531828 

10102440 
51752, 55867 

302705, 156852 

7783542 
55630 
75525 

25154556. 551847r 
88755. 100027 
108032.79469 

924163 
1116547 

55185 
62759 

621647 
759739 

10535356 
684935 . 
615532 

4549400 
59892 

16543558 
100754 . 
930552 

13256229 
1321126, 88722, 
99081, 99990 

10024972 
' 111842 

2234131 
111659 

2646175 
2 0 8 16 12 0 

144627 
7783417 

2.3 
3 
3 
3 
1 

1 

2.3 
1 

1 

3 
3 
3 
2 

3 
1 
1 
1 
1,) 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2.3 

3 
3 

Nitrobenzene 
pNitrochlorobenrene 
4-Nitrodiphenyl 
Nitroethane 
l-g(5-Nitrofurfurylidene)- 

amino)-2-imidanolidinonc 
N-g4- ( 5-Ni tro-2-f uryll- 

2-thiazolyl~ecetmide 
Nitrogen dioxide 
Nitrogen nustard and it5 

hydrochloride 
Nitrogen mustard N-oxide 

and its hydrochloride 
Nitrogen trifluoride 
Nitroglycerin 
Nitromethane 
Nitrophenols, all isomers 

Nitropropanes 
.N-Nitrosedi-n-butylamine 
N-Nitrosodiethanolamine .. 
N-Nitrosodiethvlamine N-NI trosodimetiylamine 
N-Nitroe~dt-n-propylanine 
N-Bi troso-N-ethvlurea 
N-Nitrosomethyl;thylamine 
N-Nitroso-N-methylurea 
N-Nitroso-N-methylurethane 
N-Nitrosomethylvinylauine 
N-Nitrosomorpholine 
N-Nitrosonornicotine 
N-Nitrosopiperidine N-Nitrosopyrrolidine 

N-Nitrososarcosine 
Nitrotoluenea 

Nitrous oxide 
Nonane 

2.3 Octachloronaphthalene 

3 
1 oil orange 65 
3 Osmium tetroxide 
3 a Oxygen difluoride 

3 oil octane aist,particulate 

Oxalic acid 

31 

21 

'18 17 



SOURCE CAS NO. - 
1336363 

BWSTANCE €"CITES 

Sodium azide 
sodium bisulfite . 
sodium 2-(2,4-dichlorophenoxy)- 

Sodium fluoroacetate 
Sodihm hydroaulfide 
Sodium hydroxide 
sodium hypochlorite 
sodium methylate 
sodium nitrite 
sterignatocystin 
Stoddard solvent 
Streptorotocin 
strychnine 
Styrene, monaner 
Subtilisins (proteolytic enzymes) 
sulfotepp 
Sulfur dioxide 
sulfur hexafluoride 
Sulfur nonochloride 
Sulfur pentafluoride 
sulfur tetrafluoride . "_. 
Sulfuric acid 
Sulfuryl fluoride 

ethyl sulfate 
Sodium dodecylbenzenesulfonste 9 

SOURCE SUBSTANCE - 
L2,3 Pblychlorobiphenyls 
2 Polynuclear aronatic. 

hydrocarbons 
3 Polytetrefluoroethyle<e, 

decomposition products 
1 Ponceau MX 
1 Ponceau 38 
2.3 Pdtassium hydroxide 
2 Potassium permanganate 
1 183-PrOpane SultOne 

26628228, 3 
9 !+; _ _ .  7631905 

136787 
23 - 

3761533 
3564098 
1310583 
7722647 
1120714 
709988 

2312358 
107197 

4 Propanil 
2 Propargite 
3 Pronarsvl alcohol ~~ 

57578 
~ -. 

1.3 beta-Propiolactone 
2 . Propionic acid 
2 Propionic anhydride 
3 n-Propyl acetate 
3 n-Propyl nlcohol 

. i s O s i  
123626 
109604 
71238 3689245 I 

7446095 3. 
2551624 3 

10025679 2.3 

115071 3 Propyiine 
6423434 3 ,propylene glycol dlnitratc 
1320678 3 Propylene glycol nonomethyl 

ether 
75569 ... .- . 2,3 .- Propylene oxide . . . -- - - 

627134 3 n-Propyl nitrate 
51525 1 Propylthiouracil 

121299. 12123.1 Pvrethrins 

5714227 3 
7783600 - .3. 
7664939 2.3 
2699798 3 

14807966 3 
3 

10 0 2 8 16 7 3 
3 

1323042 3 
58220 1 

1746016 2 

76119 3 

76120 3 

72548 2.4 

12 

91225 
106514 

2 
3 

Quinoline 
Quinone 

Teskostkone 
2,3,7.8-Tetrachlorodibenzo- 

108463 
7440166 

Resorcinol 2.3 
3 Rhodium 
3 Rhodium. SOlubIe salt8 

3 
2 

2 4' 

p-dioxin 

2-difluoroethane 

difluoroethane (FC-I1.2). 

1,1,,1,2-Tetracblor0-2,: 

1,1.2~,.2-Tetrachloro-l, 2- 

Tetrachroronaphthalene. 
Tetraethyl dithionopyeophosphat5 
Tetraethyl pyrophosphate 
Tetrahydrofuran 
Tetramethyl O,,o'-thio-di-p-phenylene 

phosphorothioate (ternephos) 
Tetramethyl succinonitrile 

(d&mpositi.m pzoduct of 2.2'- 
a~obisisobutgronitrilel 

299843 3 
3 

Ronnel 
Rosin core solder, pyrolyals 

Rotenone, camnercial 
products 

Rubber solvent (naphtha) 
83794 3 

3 

94597 1 Safrole 
152169 & Schradan 

2.3 Selenium and selenium caopounds 
7801625 3 Silane 
7631869 3 Silica 
1429905 2.3 Silver 

2 r 3  
3 Soapstone - 

1440235 2 S o d i ~  . 
Silver cDnpound8 

3333526 3 25 
3 

26 
I9 
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CAS NO. 

115866 
52244 

126727 

72571 
7440337 

UX8006642 

66751 
7440611 

51796 

8030306 

110623 
1314621 
27774136 
,108054 
593602 
75014 
106876 
75354 

2 5 0 13 15 4 

81812 

1330207, 95476, 
106423, 108383 

1477550 
1300716 
1300738 

7440666 

10026116 

SOURCE 

3 
1 

1 

1 
3 

3 

1 
2.3 
2.3 
1 

3 

3 
2,3 
2 
2.3 
3 
1.2.3 
3 
2.3 
3 

3 

2.3 

3 
2 
3 

3 

2.3.4 
2.3.4 
2.3 

. I  

SUBSTANCE SUBSTANCE FCQTV~TES SOURCE -- FDOTNOTES 

Triphenyl phoaphate 
Tris (1-aziridiny1)phosPhine 

Tris(2,3-dibronopropyll 

~ r y p n n  blue (commercial grade) 

Tungsten compounds 
Turpentine 

uracil mustard 
Uranium 3 
Uranium compounds . 
Urethane 

vu 5 P (varnish Uakers 6 Painters1 

sulphide 

phosphate 

Tungsten 3 

naphtha 
Valeraldehyde 
Vanadium pentoxide 
vanadyl sulfate 
Vinyl acetate 
Vinyl bromide 
Vinyl chloride 
Vinyl cyclohexene df 
Vinylidene chloride 
vinyltoluene 

.oxide 

Warfarin 

Xylene, all isomers 

m-xylene-RP'-diamine 
Xylenol 
Xylidine 

Yttrium canpounds 

zinc 
Zinc compounds 
zirconium tetrachloride 

- 

NOTE: Authority: Labor Code sections 5 4 ,  55 and 6389 
and 8 CAC 337 

Reference: Labor Code Sections 6380, 6380.5, 6382 
and 6383 

3 

3 
28 

1 509148 , 
: 479158 
7b40200 

62555 
96662 

1 
66111 
62566 

I 108883 
584849 

' HX8001352 
14567738 

, 126738 
78488 

6369966, 6369977, 
1319728, 3813147 
2545597, 93790. 
61792072, 192ai7a. 
25168154 

13560991 

93721 

32534955 

96184 
76131 

78308. 
27323417 

121448 
75503 

118967 

3 
3 
213 
2.3 
1 
3 

3 
1 
3 
-2,3 
3 
1.2r3,b 
3 
3 
4 

4 
2 
3 
2.3 
2,3 
'2 

.2,3,4 

2 

2.4 

2 

2.4 

2 

3 
3 

3 
2 

2.3 
2 
3 
3 

Tetranitrmethane 
Tetryl 
Thallium 
Thallium c m w u n d s  
Thtoacetamidi 
4,4'-Thiobis(6-tert;butyl- 
m-cresol1 

Thioglycolic acid 
Thiourea 
Tin compounds 
Toluene 
~oluene-2.4-dIisocyanate . 
Toxaphene 
Tremoll te 
Tributyl phosphate 
S,S,S-Tributyl phosphore- 

S,S,S-Tributyl phosphorotrithioite 
TrichlorEon 
1,.1,2-~richloroethane 
Trichloroethylene 
Trichloronaphthalene 
Trichlorophenola 

trithioate 

2.4.5-T 12.4.5-trichlOro- 
phenoxyacetic acid) 

2,4,5-T amines 

2.4.5-T esters 
(2 ,4 .5 - t r i ch lorophenoxyace t i c  
ester*) 

2.4.5-T salts (acetic acid, 
2.4.5-trichlorophenoay 
s c d i u s  salt) 

.2,4,5-~~ acid (propanoic acid, 
2-(2,4.5-trichloropbenoxy11 

2,4,5-TP eStei fpropanoic acid, 
2 - ( 2 , 4 , 5 - t r i ~ h l C r o p h e n D x y ) -  
isooctvl ester) 

1.2.3-Tri;hloropcopane 
l,l,Z-Trichloro-l,2. 

2- tr i f luoroe thane 1FC-113) 
Tri-o-cresyl phosphate 
Triethanolamine 

Triethvlazine 
dodecylben.enesulfonate 

Trimetkylamine 
Trimethylbenicne (ail i s x e : s '  
2,4.6-TrinitiotOlUenc 

3 

9 

22 21 



14. Exempt when vapors or particulates are or can be formed 
due to work practices or procedures. 

* , ~  - . I 16. -&Exempt when used as fuel. 

15. , Exempt -.when present as (I dust. . .  

17. Exempt except when inhalable dust and/or particulates are present 
or are generated through use of the product. 

1 8 .  Refers to the water soluble salts only; exempt when mixed in food 
or animal feed. 

19. Exempt when inhalable dust is present or can be generated 
through use. 

20. Exempt when in mixture, suspension, or where inhalable dust 

21. 

OK particles are not present or cannot be formed. 

Exempt ence t where mists can be generated in the ordinary use of 
the pro& e.g. cutting oils. - 

- 22. Occupational sources of ozone include, $ut are not limited to: 

a. 

b. during operations involving highintensity W light (plasma 
torch operations, glass blowing, hot metal operations, Pho- 
toengraving operations, use of mercury vapor lamps, direct 
copying machines, projecting equtpaent) 

during operations involving high voltage electrical equip- 
ment (spectrographic and flUorDmetric apparatus, 
electroplating operations, high-volt lines1 accelerators, 
and electrostatic precipitators) 

during operations involving ozonizing process in 'treatment 
of water, industrial waste, and sewage: during air 
purification. 

e. during drilling, cutting, and welding operations utilizing 
laser radiation 

E. during bleaching operations (textiles, pulp, paper. waxes, 

during oxidizing process of fine organic chemicals 
-. - I -production (primarily oroalic acid) .. - - . -.. 

I 

E. 

d. 

Starch, sugar, teflon, and synthetic fibers), refining of 
mineral oils and their derivatives, processing Of perfumes, 
vanilin. and camphor. aging and drying operations (wood, 
wines, whiskies. varnishes, and printing inks) 

during food preserving operation6 €or mold and bacteria 
control 

q. 

1. 

2. 

3. 

4. 

-. -5.- - _ .  

6.  

7. 

' 8 .  

9. 

10. 

11. 

12. 

13. 

24 
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FOOTNOTES FOR HAZAWUS SUBSTANCE LIST 

Refers to solutions grecter Chan or equal to 108. Exempt when 
present in f w d  or beverages. such an vinegar. apple cider; and 
wine, regardless of concentration. 

Refers to iuater soluble salts Only; all other salts are exempt. 

An MSDS must be provided under the followinq circumstances: 

a J  

b) 'The metel is in welding or brazing rods. 

c) The metal may be melted with the generation of toric fume. 

'a) 

The metal is supplied as a fine powder. 

Under n o m a1 use, toxic dust or fume is lfke'ly to be 
generated by m y  manufacturing process. 

Exempt when in bonded form or when antimony compounds cannot be 
released.due to cutting, grinding, heating, etc. 

. ._- - _ -  " .  -_ _ -  - .. --: .- 

- a1 
b) 

c) Non-friable encapsulated products such as floor tiles. 

Any liquids; and products that could give rise to asphalt 
fume under normal conditions are included. Mechanical breakup of 
hardened asphalt surfaces is exempt. 

Exempt when used in foods and feeds as a preservative. 

€xempt when present as free Crystal/pO&eK. 

Exempt when in solution. 

Exempt when in form where ~ X ~ O S U K ~  to dust cannot OCCYK. 

Exterior and interior Coatings and lminating resins con- 
taining encapsulated,e.h=stos fibers with such products. 

Cold process asphalt roof coatings. 

Products that could give rise to coal tar pitch volatile6 during 
normal use are included. 

Exempt when part of a cured epoxy or rubber. 

Refers to solutions greater than Or equal to 258. Beverage 
alcohol (ne  defined by sections 23004 and 23005 Of the Callfornia 
Alcoholic Beverage Control Act) in any conccntration is 
cxempt. 

23 

a .  
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h. during welding operations using inert gam whielded arc 
veldrng devices, bare vire arc welding 

i. during manufacturing production of ozone .A. 

23. Includes benranthracenes, benzopyrenes, benrofluo~anthrcne. chry- 

24. Refers to smoke and fume products given off during soldering. 

25. 

26. Silver compunds existing in stable emulsions or euspensions. as 

- 
series. dibenraothracenea, and indenopyrenes. 

Exempt exce t when inbalable particulates are present or can be 
generat& 

in photographic film. arc exempt:- - 
27. Applicable to cotton fiber for use in industries or operations 

covered by General Industry Safety Orde? 5219, Cotton D u s t .  

28. zinc oxide Is exempt exce t when preaent as dust or when 
generated as a fume. +stearate i n  exempt except when 
present as dust. 

29. Refers to solutions greater than 6r equal to 4a. 

30. Refers to solutions greater than or equal to 38. 

31. 

32. 

33. Refers to any mixture containing 0.11 or greater EDB. 

Refers to any mixture containing 0.lB or greater of this substance. 

Refers to sny mixture csntaining 0.021 or greater inorganic arm- 
nic. 

. 
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APPENDIX A 

LIST OF SYNONYHS 

SUBSTANCE 

Abate; tetramethyl O,o'-thiodi-p-phenylene 

3-~~lpha-acetonylbenzyl)-4-hydrorycounarin; 
uarfarir 

Aldifen; 
Aluminum L 
Aminodimet 
Aminaethsr 
2-Ami noe tt 
2-AminonaL 
4-Amino-), 
Amate: 3 
~ m o n i u m _ L  

P 

hosphorothioate 

LIST OF SYNONYMS 

" .. . 
4, " . SUBSTANCE &. 

3 
2 
3 
2 ~ 3  
2.3 
2,3 
3 
2.3.4 
3,4 

I 
SOURCE 

3 

3 

2.4 
2 

- Benzol; benzene 
Ben20 (b)pyifdi ne; quinoline 
pBenroquinone;, u none 
Beryllium c h l o r i b y l l i u a  and beryllium c m w u n d s  
Beryllium fluoride; beryllium and beryllium compounds 
Beryllium nitrate; berylliurr and beryllium compounds 
BGE; n-butyl glycidyl ether 
BAC; hexachlorocyclohexane 
Bidrin; 3-hydroxy N,N-dincthyl-cia-crotonamide 

Bismuth ~ e l l ~ e l h r I m  c w w u n d s  
Brmoethane; ethyl 6roraide 
Brmoethylene; vinyl brwide 
Bcommethnne; methyl bromide 
BUtaRol; butyl alcohol 
2-Butenel pro y e m - a  dehydr; crotonaldeh d e  
cis-ButencdioPEl.nhyd:ide; maleic annydrlze ether 
l-Butoxy-2,3-epoxypropan~; n-butyl glvcidyl 
2-Butoxycthanol; ethylene slycol monobutyl ether 
Butyl cellosolve; ethylene qlvcol aonobutvl ether 
di-tert-Butyl chromate; chrmic, chromous, and 

dimcth' 1 phos hate 3 
2 ~ 3  
3 
1.3 
3.4 
2t3 
2 

3 
3 
2t3 
283 
3 
3 
3- - 
3 

2 
con undz 

Ari;ion% chromate; chrC7iC chrcnoun and chromate salt8 
Annoniur fluoride; fluorld;,-and i n o r g d n i c  fluoride .. - -- 

"-nnnl,nrlc 

2 
-'2 -. - . .. - 

*-..,-.--..-.- 
Antimony tribromide; antimony compounds 
Antimony trichloride; antimony conpounds 
Antimony trifluoride; antimony compounds 
Antimony trioxide; antlmony compoUnd6 
Aqualin; acrolein 
Aramite; 2 - ( p - t e r t - s u t y ( p h e n o x y ) i s o p r o ~ y l  

Arasan; b i s ( d ~ r n e t ~ o c a r b a n o Y 1 ~  disulfide 
Arsenic disulfide; sreenic and arsenic com~nunds 
Arsenic pentoxide; arsenic and arsenic compounds 
Arsenic trichloride; arsenic and arsenic conpounds 
Arsenic trioxide; arsenic and arsenic compounds 
Arsenic trisulfide; arsenic and arsenic compounds 
Azinphos methyl; 0,O-dimethyl s-t(r-oxobenzotr1azintr 

Azodrin; 3-(dimethyoxyphosphinyloxy)-N- 

2-chloroeth 1 sulfite 

3-methyl)l phosphorodithieate 

methyl-cis crotonamide 

chromate snlts 

chromate salts 
tert-Butyl chrmate;  chrmic, chromous, nnd 

n-Butyl phthalate; phthalate esters 

3 

2.3 

2 
2 
1.2 
2.3 
2 
1.2 

3 
1 

Cadmiuii acetate; cadmium and cadniun cocpounds 
Cadniui.1 bromide; cadmium and cadmium conpounds 
cadmium chloride; cadniura and cadmium conpounds 
Calcium arsenate; arsentc and arsenic conpounds 
Calcium arsenite; arsenic and arsenic corvounds 
Calcium chronatej chronic, chrozous, and 

3 
2.3 
2.3 
2.3 
2.3 
2.3 
2~3.4 

chromate Baits - 

Cz%%%%lfide; carbon disulfide 
Carbonyl chloride; hoe ene 
Carbnyl fluoride; % i k h  and inorganic fluoride 

Caustic 5Oda; sodium hydroxide 
Cellosolve; ethylene glycol monoethyl ether 
Cellosolve acetate; ethycne glycol monoethyl 

Chlordecone; liepQne 
Chlorinated camphene; toxaphene 
Chlornaphazinei N,N-bis(2-chlorwthvl)-2- . naphthylamine 
Chlorobenzene; chlorinated benzenes 
Chlorobromomethane; brmochlorrmethane 

compounds 

ether acetate 

3 
284 
2.3.4 

3.1 
2.3.4 
2.3 
3 2.3 

3 
3 
2,3 
2.3 
3 
2.3 
2.3.4 
3 

Barium cyanide; cyanidesi inorganic 6altS 
Bantu; 1-(1-naphthyl -2-thiourea 
Bsygon: 2-i60pr0p~ybhenyl N-methylcarbaaate 
Benzene chloride; chlorinated benzenes 
1.2-Benzanedicarboxylic acid; phthalate e5ters 
1.4-Benzenediol; h dro uinone 

Benzene hexachloride; hexachlorocyclohexane 
Benzin; - 
1.3-Benzenediol; + resorc no1 

3 
3 
3 

1 
1,2,3,4 
1 

.2,3 
3 

27 
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,. . . .  
H 0 

SOURCE 

2.3 
1 
2.3 

3 
2-3 

1.2.3.4 
2 ~ 3  
2.3 
-1.3 

3 r 4  

3 
2.3 

213.4 

3 
3 
2.3 
3 
3 
3 
3 
2,3 
3 
2,3 

3 
3 
2.3.4 

LIST OF SYNONYMS 
LIST OF SYNONYHS 

SUBSTANCE SOURCZ - 

3 
1,2,3 
203 
2 ~ 3  
3 
3 
3 
2 1 3  
2 

2.3 
2 
3 
2 

2.3 
3,4 
3 
3 

3 

2.3 
2 ~ 3  
2.3 
2,3 
2.3 
2.3 
2.3 
2.3 
2 
2.3 

- .~ . 
mixture; ieth 1 demeton 

z,6-oimethyr,4-Lpt- diisobutyl ketone 
Dimethyl ketone; sCetone 
o,o-oirnethyl 0-(p-nitrophenyl) phosphorothioate; 
methyl parathion 

SWSTANCE 

2-Ch1oro-lr3-butadiene~ chloroprene 
Chlorodiphenyl; lychlorobiPhenYl6 
l-Chloro-2,3,-epo~ypropane; epichlorohYdrln 
Chloroethane; ethyl chloride 
2-Chloroethanol~ ethylene chlorohydrin 
Chloroethylenc; v k ? l  chloride 
bis[2-Chloroethy~ether; chloroalkyl ethers 
Chloroformyl chloride; hossene 
Chloromethane; methyl C b  
di-Chloromethyl ether; chloroalkYl ethers 
l-chloro-0-nitrobanzenei pnitrochlorobenzenc ' 
alphe-Chlorotoluene; benzyl chloride 
Chromic acetate; chromic, chronous, and 

Ch-ronfc chromous, and chromate Salts 
Chromic sulfate; chromic, chromous, and chromate salts 
Chromium metali chromium 
Chromous chloride; chromic, chromous, and 

chromate salts 

Coyden; clo idol 
Crag her&sodium 2-(2.4- 

dichloro henox. lethvl sulfate 
C r u f o m a t e ; P 4 - t e ~ ~ - b ~ ~ ~ l ( - 2 - c h l ~ ~ o ~ h ~ n y l ~ ~ ~ ~ ~ l  

cupricYa:etate; copper compounds 
cupric acetoammite; copper comwunds 
cupric chloride; copper compunds 
cupric nitrate; copper compounds 
cupric oxalate; copper compounds 
cupric sulfate; CEO er corn ounds 
cupric sulfate, -er cornpunds 

Cyanobenzene; benzonitrile 
Cythion; malathion 

meth 1 hosphoravidate- 

cupric 'tartrate; cooper conw=as 

DaSanit; 0 0-dimethyl o-p4-(methvlsulfinvl) 
phenyl1 bhosphorOth10ate 

3 . 4  

2.4 
2 

2.3 D W P :  dichlorVoS 
ethylene 

1. I DEF; S S S tribct' 1 phosphorotrithioate 

phasphorodithioate 
Delnav; ;,j-p-dio:anedithiol S.S-bis (0,O-diethvl- 

DGE; di, 

3.4 

3 
2 niaceG5 

1 cid 1 ether 
-hydroxy-4-methyl-2- - ~~ 

4,%%%obiphenyl; benzidine (and Its salts1 
4,4'-Diemin0-3,3'-dichlorobiphenyl; dlChlOCO- 

1 , 2 r 3  
3 

benzidine and its salts 

30 29 



LIST OF SYNONYMS 

SUBSTANCE 
LIST OF SYNMIYHS 

somct SUBSTANCE - . * I  > - f 

e 

SOURCE - 
1 ~ 3  
2 
3 
3 
3 

N,N-Dimethylnitrosamine; N-nitros~i~cthylai;.lnc 
2,4-Dimethyl phenol: 
Dimethylphenylamine; N.N-dimethylsnllihc 
Dimethyl phthalate; hthalate ester8 
0.0-Dimethyl O-~~,d,~-trichlorophenyl) 

Dinitrobenrol: dinitrobenzenes all isomers 
Dinitrocresol; nitrophcnols, ail isomers 
2.4-Dinitrophenol; dinitrophenols 
Di-sec-octyl phthalate; hthalate Ester6 
1.4-Dioxncyclohexane; p- i o x m e  
Diphenyl; bi hen 1 
D i p h e n y l m e ~ i s o c y . n a t e i  nethylene his 

Disystan; disulfoton 
DKF: N,N-dimethylf ormamide 
D m ;  dimethylhydrazine ( a l l  isomers1 

Dursban; chlorwrifos . 

. 

phosphorothioate; ronnel 

14-rrhenyl isocyanate1 

Dovtherm A: henyl ether diphenyl (eutectic 
mixture), Capor 

3- ~n-Fluoren-2-yl-acetmide; 2-rcetvlsnina- 
~~ ~~ 

Fluorene 
Fluorocarbon 11: fluorotric~~orascthane 
Fluorocarbon 12; dichlorodifluorcnethane 
Fluorocarbon 21: aichloromonorluorotneth.nc 
Fluorocarbon 22; chlorodiflsoroaethane 

Pl-; 1 .l, 2-Tzichlom- 

p l ~ i c h l o r c - l r l r 2 r Z r -  

Folcx; S,S,S-tributyl phoscberctrithioite 
Preons; csef specific EluarccarbOnss 

Fluorocarbon 112, l,lrZr2-tetC6Ch10rD-1.2- 
difluorocthane 

1 2 2-trifluoroethnne 

tetrafluoroethang 

2.3 
2 ., 
2 

- 3  
3 
3 
It3 

2,3;6 
3 
3 
3 

4 Fundal, &lordimeform 
2.3 2-Furaldehyde; furfural - . -. 
4 Gnlecron; chlordinefore 
1.2.3.4 
2.3.4 

Glycol dibrcnide; eth lene dibromide 
Guthion; o.O-DimethylYs- (r-oso~enzotriaeinc31 

_ - .  -_  methvltl ph osphorodith oate  _ _  - I .. . 
3 
3 
2.3.4 

3 
2.3 
3 

Halon 1301; bronotrifluoro=thane 

l,4,5,6,7r8,8-heptachloro-3arh,7,7a-tetrahydro-l~ 
7-methanoindene and Qethoblitea; heptachlor 

2-neptanone; methyl n-amyl ketone 
3-Neptanone: ethyl butyl ketonc 
Hexachlorobenzenc; chlorinmtcd benzene 
1,2,3,4,10,10-Hexach10rc6,7-epoxy-,l,4,4a.5,6,7, 

HDIi hexanethylene diinocvanatc 

R.Ra-octahYd=o-l.Il-endo-cndo-5,B-diaethan- 

glvcidYl ether 

3 
2-3 
3 
3 
3 

bis (2;3-&oxypropyl) ether; dig 11 cidyl ether 
1,z-Ethani diamine; ethyleneddine 
Ethanenftrile: acetonitrile 
Ethanethiol; ethyl mercaptan 
Ethanol: ethyl alcohol 
Ethenone; 
2-Ethoxyethanol; ethylene glycol monoethyl ether 
2-EChoxyethyl acetate; eth lene qlycol monoethyl ether 
l.l'-Ethvlene-2.2'-bipyridrniwn ion; d 2 9 E L  

3 
3 
1 
2.3.4 

3 
3 
3 
213 
2,3 
3 
2.3.4 
3 
3.4 

_,__ ~~~~ 

onaphthaleGe and.methabolites: Endrin 
1,2,3,4,10,10-Hexachloro-6,7-cpoxy-1,4,4a,5,6,1, 

8,Ba-octahydrel,d-cndo-ezo-5r8- 
dizaethanonaphthelene: Dieldrin 

l,2,3,4.10,1O-Ke~achloro-l~4.4a,S,8~8e-hexahydro- 
endo-l,2-exo-5,8-dimethanansphthalene; aldrin 

i,iri,3,3,3-Hexafluor~2-proannone; 
hexmfluoroacetone 

6,7,8,9,10, 0 - H e m  ydro-1.5.5a.6 9.9a-hezah drO- 
c .q-methaAo-2, I.:-benzodiox.thlepin-3-o~i~~; 

~~ 

Ethylene- trichloride; t r i c h l o r o e t h y l e ~  
Ethylenhim; ethyleneimine 
Ethyl methylene; ethion 
Ethyl methyl ketone; 2-butonone 
0-Ethyl 0-(pnitrophenyll phenylpho6phonothioatet 
EPN 

4-Z%yl-lr4-tetrahydrwrazine; N-ethylrnorpholine 3 

4 

3 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 

_._ ... 
endosulfan 

etone 
3 
3 Rexonc; methyl isobutvl k 
3 Kydrogen selenide: seleniun and selenium compounds 
3 Rydrogenated MDI; dicyclohe1vlnethane-4,4'- 

3.4 3- y roxy N methyl cis crotonmide dimethyl 

2-Hexanone; methyl n-butyl ketone 

p p a n a t e  - . - 
phosphate; 3-(Dimethyoxv ~oaphinyloxq)-N-methyl-cia 
crotonamide 

32 31 
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e 
SOURCE 

3 

2.3 
3 
2 
3 
3 
3 
3 

3 
3.4 

3 
3 
3 
2,3 
3 
3 
3 
3 
3 
3 
3 
3.4 
1.3 
2.3 
4 
4 
2t3 
2,3 
2.3 
3 
3 
2.3 
2;  3 

2.3 

3 
3 
2.3.4 
3 
4 

2.3.4 
2 
2.3 
2 
2 
2 
1 
2 
3 

". . 

LIST OF SYNONYM 

SUBSTANCE 

2-Hethoxvethvl acetate: ethvlene UlVCOl 

.. . 

- - ~ - 
monmeth 1 eth& acetate 

be ta-He t h y k Z 6 I ' G ~ n a l d e  hyde 
Hethyl m y 1  alcohol; methyl isobutvl carbinol 
2-HethY1-1.3-bUtadiBne: is0 rene 

E Z i 7  -_..-- 
3-Hethylbutyl acetate; amyl acetate, all isomers 
Hethyl Cellosolve; eth lene lvcol monomethyl ether 
ncthyl Cellosolve acetite; ezhylene qIYc01 

monomthyl ether acetate 
Methyl cyanide: acetonitrile 
2 - K e t h y l - 4 , 6 - d i n ~ 4 , 6 - d i n i  trc-0- 
cresol  ewe chlorobrornide; brmochloromethane 

Hethyl ethyl ketone; 2-butanone 
5-Methyl-3-heptanone; ethyl sec-amyl ketone 
uethyl 2-methyl-2-propenoate;.methyl methacrylate 
4-~ethyl-3-penteae-2-one; mesityl 0 ride 
4-Methyl-2-pentanol; methyl isabutvl carbinol - 
4-uethyl-2-pentyl acetate; sec-hexyl acetate 
1-Hethyl-1-phenylethene; alpha- methylstvrene 
2-uethylpropanol; isobutyl alcohol 
2-Hethypropyl acetate; butvl acetate 
Hethyl propyl ketone; 2- entsnane 
1-uethyl-2- ( 3 - p y r i d y l ) ~ e ;  nicotine 

Monochlorobente~e; chlorinated benzenes 
Monoethylmine; ethylamine 
Monomethylamine; meth lamine 
M o n o m e t h y l a n i l i n e ~ n i l i n e  
Honmethyl hydrazine; methyl hvd razine 
Moxie; methox chlor 
Huriati&ochloric acid 

Naled; 0,O-dimethyl O-(1,2-dibromo-2,2 

Nankor; 
1-Naphthylamine; a1 ha-na hthylamine 
1-Naphthyl N-methyl&rbam~te; carbaryl 
NDI; na hthalene diisocyanate 
'Nema=--methyl-4- (methvlthio) phenyl 

(1-methyl ethY1)ph osphoramiaate 
Nielate; ethion . 
Nickel ammonium sulfate; nickel mmwunds 
Nickel carbonyl; nickel compounas 
Nickel chloride; nickel compounds 
Nickel hydroxide; nickel compounds 
Nickel nitrate; nickel com!Jounds 
Nicke1,subeulPhide; nickel compounds 
Nickel sulfate; nickel compounds 
Nickel Sulfide roasting; nickel comwunds 

dichloroethyll phosphate 

I 

i '  
i 

1. 
I 

! 

I 

i 
! 

! 

i 

I 

1. I 

SOURCE - 
3 
2,3 
3 -  
3 
i 
2 
3 

1 , 3 . 4  

2.3.4 
3 

3 t 4  

1.2 
2.3 
2 
Z i 3  
2 
2 

- 2 .  
2 
1 
2 '  
1 
2. 
2 
2,3 
3 
2 
3 
2.3.4 
2 

2,3 
3 
1,3 
3 
2 
2 
2 
2 
3 
2 
4 
2.3 
3 

' 4  1 

3 

.- 

LIST OF SYNONYUS 

SUBSTANCE 

.. 

.* 

IGE; isopropvl qlycldyl ether 
Indenopyrenes; polynuclear aromatic hydrocarbons 
IPDI;  isophorone diinocyanate 
Isoamyl acetate; any1 acetate 
Iaobutyl acetate;. outvl acetate 
ISObUtylaaIne; butyle.nlne, all i smer9 
Iaopropylbenzene; ~umene 

KeIthane; I.l-bis(pchloro~henvlJ2,Z.Z-tri- 

Xilmite 40; tetraethyl pyrophosphate 
Xorlan; - 

chloroethhenol 

Hariate; methoxychlor 
HnPP; meth 1 acetylene-propadiene mixture 
HDI. m m Y J e n e  315 (4-Phenyl I s o c y a n a t e )  
HE!; 2-butanone 
Hecuric nitrate; mercury and mercury com ound5 
lnecuric sulfate; mercury and mercury coaFounds 
Mercuric thiocyznate; mercury 2nd mercury conpounds 
Hecurous nitrate; mercury and Dercucy compounds 
.Hesitylene; trireth lbbnzene ( a l l  isomers) 
Mesurol; m e c m i m z t h u r  
Methemidophos: G , s - d i a e t h v l - P h o s P h o r a m i d o t h i o a t e  
Hethanethiol; methyl mercaptan 
Hethmol; methi.; alcohol 
Hethidnthion; 0.O-dicrthyl Ph0SPhocodith1oate. s- 

2-Hethoxyethanol: sthylene 4lYcol monmethvl ether 

ester with r:-irercaptometn~l)-Z-mntho~y-K~ 
1,3,4 - thiadiarolin-5-one, 

34 
'' 33 



LIST OF SYNMiYHS 

SOURCE SUOSTANCE 

3; PI-Serve; 2-chloro-6-(trichloromethyl) pkridine 

2 Silver nitrate; silver compounds 
3.4 
2. 
2.4 
2 

2 
2 

Shvin; carbar 1 
.'%3 ,253.4 s i l i c o n d d r i d e :  & 

Silvex; 2 I 5 TP acid 
sodium a r s e n a t e ; n i c  and arsenic comoounds 
Sodium arsenite; s i c  and arsenic compounds 
Sodium bichromate; chromic, chromous, and 

so-e; fluoride and fluoride compounds 
Sodivm chrmate; chromic. chromous, and chromate 

chromate salts - 

salts - 
2.4 Sodiun cyanide; cyanides. Inorganic salt5 
2 Sodiun fluoride; fluoride and fluoride comounds 
2 sodium selenite; selonim ana selenlum conpounds 
4 Starlicide; 3-ChlorO-p-tOlUidinE hydrochloride 
3 Stibine; antinony compoundS 
2 Strontium chromate; chromic, chronous, and chromate 

salts 
s u m c h l o r i d e ;  sulfur monochloride 
Snlfurie chlorohydrin; chlorosulfonic acid 

293  
2 

Surpracide; 0 0-dimeth 1 hosphorodithioate . .  - .- 4 - _ _  
S-ether wit; 4- (merc~pt&ethy1)-2-methoxY~ &?=- 
.3,4-thi~dia~Olln-5-0"~ 

3 . 4  SyStOX; - 

3 
2 . 3 . 4  
3 
3 
3 
2.3 
1,2,3,4 
2 . 3  
3 
3 
3 
3 
3 

2 
3 
3,4 
2.3.4 
1 
3 

a 

Tamara"; 0,s-dimethyl phosphoramidothioate 
TCDD; 2,3,7,8-tetrachl0r0dibenzo-p-dioxin 
TCP; tri-a-cresyl phosphate 

TEDP; tetraeth 1 dithiona IO has hate 
Teflon, d e c o m p ~ s i ~ ~ t ~ a f l u o r o -  

TEPP; tetraeth 1 ro h o w  
i,i,2.2-Tctrab~am~~-tYle"e tetrabromide 
Tetrabromoethane; carbon tetrabromide 
1,1,2,2-Tetrachlbroethane; acetylene tetracharide 
Tetrachloroethylene; erchloroethvlene 
Tetrachloromethane; c:rbon tetrachloride 
Tetraethyl lead; lead compounds 
Tetraethyl silicate; ethyl Slllcate 
Tetrahydr0-4H-l-4-o~azine; morpholine 
Tetramethyl lead; lead compounds 
Tetramethyl silicate; meth 1 siTicate 
Tetramethvl thiuran disulfXde; bis (dinethylthio- 

TDI; ~Oluene-2.4-dllSOcvanate 

ethylene decom osltxon roducts 
TOllUr 1 U m ~ c ~ P O u n d S  

. . ~~ 

carbamoG1)disulf ide 
Thallium su1m;thallium compounds 
THF; tetrahydrofuran 
Thimet harate. 
T h i o d a i ; b s t l f a n  
Thiotepa; Tris(1-aziridiny1)phosphine sulphide 
Thiram; bis(dimethylthiocarbamy1)disulfide 

36 

I .  I .  

W - 1  

0 

SOURCE 

, 2 .3 ,4  
.. 3 

3.4 

1.2.3.4 
2,3,4. 

4 

3 , 4  
3.4 
3 
2 ~ 3  
2.3 

3 
3 

3 
3 
3 
3 

283 
2-3 
2 ~ 3 . 4  

-- 

2#3.4 
2.3 
3 
3 
2 
2 
2 

2 

2 
2.3 
1.3 
3 
3 
3 
2,3 

3 
3 
3 

2.3 
3 

2 

LIST OF SYNONYW 

SUBSTANCE 

Niran; parathion 
Nitrogen tetroxidei nitroqen dloxlde 
Nitrotrichloromethane; chloroplciln 

Octachlorocamphene; toxa hene 
l , 2 , 4 r 5 t 6 , 7 , B r 8 - O c t a ~ , 4 , 7 . ~ a - t e t r a h y l r o -  

4.7-methanoindancr chlordane 
ONPA; cchradan 

Peraquat(dich1oride); paraquat 
Paraquat bis(methy1 sulfate)! paraquat 
PCB; polychlorobiphenyls 
PCP; entachlorophenol 
Pe~.Cht;o~oCyclOpCntadienei hexachlorocvcle 

Perchloroethane; hexachloroethane 
Perchloryl fluoride; fluoride and inorganic 

PGE; phenyl qlyPcidyl echer 
Phenacyl chloride; alpha-chloroacetopherone 
n-Phenylaniline; diphenylamine 
Phenylbenzene; bi hen 1 
Phenyl cyanide: b:nro:itrile- 
Phenylethane; ethylbenzene 
Phenylethylene; styrene, monomer 
Phosdrin; alpha-2-carbomethoxy-l-meth~lvin~l 
dimethyl PhosDhate 
Phosphorodithioate; ethiDn 
phospothion; malathion 
pival; 2-Pivalyl-1,3-indandio"~ 
Plictram; tin compounds 

potassium arsenite; acsenic and arsenlc c o n p o ~ r l d ~  
Potassium bichromate; chromic, chromous, and 

Po-te; chromic, chrmous. 

PO- a n i d e s  inor anic salts 
Propylene dichlotider dichl&pro&nes 
Propyleneimine; 2-mcthylaziridine 
~ropyne; methylacetylene 
propyn-1-01; propargyl alcohol 
Pyrocatechol; catechol 
pyrmucic alde-rfural 

Rattack; l-(l-naphthyl)-2-thiourea 
RDX; cyclotrimethylenetrinltramine 
Rouge; iron oxide 

Santobrite; entachlorophenol 
selenium hexiEluoride; selenium cornwounds and 

s e m n i u m  comwunds and selenium 

pentadiene 

fluoride com ounds 

_ . . . I  

Potassium arsenate; arsenic and arsenic COmPOlJndS 

chromate salts 

and chromate salts 

selenium com unds 

corawunda 

35 



e 
SOURCE - 
2 
2 
3 
2 
2*4 
2 
3 
2 
2 
2 
2 
3 

. .  

LIST OF 5 Y N O N W  

SUBSTANCE 

zinc hydrosulfite; zinc corn un S 

Zinc oxide fume, zinc ~ O m ~ o u n d D  
zinc phenolsulfonate; zinc c m ~ o u n d s  
zinc phosphide; zinc compounds 
zinc silicofluorTde; zinc compounds 
zinc stearate; zinc cumpounds 
zinc sulfate; z h c  compounds 
zirconium nitrate; zirconium cmpounds 
zirconium potassium fluoride; zirconium 
zirconium s lfatc; zirconium compounds 
zoalene; 3,  -dinitrwetoluarnide 

zinc nitrater zinc 4 compoun S 

compounds 

i 

! 
i ' '  

I 

I -  
j .  
I 

I 

1 ! 
I 

i 
I 
! 

I 

SOURCE - 
3 -  
4 
3 
2.3 
4 
3.4 
3 
3 
3 
2.3 

3 
2.3 
3 
1,2;3 
3 

2.3 

3-4 
2.3.4 

3 
3 
2.3 
3 

'2.3 
2.3.4 
2.3 
1.2.3.4 

.2 
2 
2 
2 
2 
2.3 
3 
2 
2 
2 

.. ., 

LIST OF SYNONYMS 

. 0 
SVBSTANCE - 
TNT; 2 4 6-trinitrotoluene 
Tok; 2: 4~dichlorophenyl-p-nit;oph~"vl ether 
o-~oluidine; 0-methvlaniline 
TOIUO~; toluene 
Torak;  d m  
Tordon; icloram 
TPP; Eifhenyl phosphate 
Tribromomethane; bcomoform 
1,2,4-~richloroben~ene; chlorinated benzene 
l,l,l-Trichloro-2,2-bisl~- 

chlorophenyllethane; E 
l,l,l-Trichlor~ethane; methyl chloroform 
Trichloroethene; trichloroethVlene 
~richlorofluorameihanc; fluorotrichloromethane 
Trichloromethane; chloroform 
Trichloromethanethio1; 

1,~,1-Tr~chlor0-2,2-bis(p-methoxyphenyl) ethane: 

. ~ 

erchloromethyl mercaptan 

T r ? ? m e t h a n e ;  chloropicrin 
2.4.5-Trich10rophenoWpropionic acid; 2,4,5 TP 

esters 
TciCyclohexylhydroxyStanne;  tin compounds 
Trifluoromonobromomethane; bromotrifluorom- 
3,5,5-Trimethyl-2-cyclohexene-l-one; isoPhorone 
2.4.6-Triniirophenol; picric acid 
2,4,6-Trinitrophenylmethylnitramine; tetryl 
Trithion; carbophenothion 
Trolene; 

uranyl acetate: uranium compounds 
Uranyl nitrate; ~ e n l u r r  covpounds 

Vapona; dichlorvos 
Vapotone: tetraethyl pyrophosDhate 
Vinylbenzene; styrene, monomer 
vinyl cyanide; acrylonitrile 

Weedon 638; 2,4-0 
xylol: xylene, all isomers 

zinc 
zinc 
zinc 
zinc 
zinc 
zinc 
zinc 
Zinc 
zinc 
z i n c  
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Pscmc3 

CAL/EHA armnTRTlCN SERVZCE 

The CAL/ElIA Consultation 5 w i c e  can assist e@oyers h have -tiw 
atout their r-risibilities d e r  the Hazarbs Substames Inf-tion and 
Trainirq Act ard related C A L / m  standards. 

I n f o m t i o n . .  .................... .lbll-free (8001 652-1476 - 
Sari €Yamism.. . .525 Golden G a t e  Ave. 94102 (4151 557-2870 

FTEIl) m a  
Damey .......... 8535 E. F m  Am. 9024C ( 2 U I  861-9993 
Fresm ........... 3374 E. Shields AM. 93726 (209) 445-5072 
P a m m a  C i t y  ......... 14547 T i t u s  St. 91402 (213) 786-3870 
Sxzmmm ............. 2424 Arden W q  95825 (9161 920-6131 ....... 303 W. Third St. 92401 (714) 383-4567 

Wersfield ....... 4800 stockdale I-. 
B e r k e l q  ........... 1625 ShatNcl; Am. 
€1 Write.. ........ .34E Fletcbz Aue. 
rresm ............. 25m Mariposa st. 
h q  B-h ......... 245 West Bmadvay 
Ios -des... ... .3460 Wilshire Blvd. 
b h i e s t o  ............... lsOC Coffee Rd. .............. 1111J-n St. 
Pam- C i  ty..... 8155 Van Wys B l v d .  
W-. ............... 1421 court S t .  
?acr-to ............. 2422 WudenWay 

San D i e g o  ........... 7807 m- mmt 
San Framb. .  . .455 Golden Gate Avo. 
San m . . . l O O  Pa- de Yn An& 
Santa Am.. .... .28 civic center plaza 
h t a  B r k a  .......... 3704 State St. 
Santa Fe sprkqs 1 4 l l 1  E. Frenay m. 
santa Fzxa ................... 50 D S t .  
V-. ............ .2833 LeDnis ad. 

san Bernardim ....... 303 ti. ~l i rd  st. 

93309 
94700 
91731 
93721 
90802 
90010 
95355 
94607 
91402 
96001 
95825 
92401 
9 2 U 1  
94102 
95ll3 
92701 
93105 
90670 
95404 
90058 

1805) 
(415) 
(213 
(2091 
(2131 
(2131 
(2091 
(415) 
(213) 
(9161 
19161 
(714) 
(6191 
14151 

1714) 
(8051 
IWI 
(7071 
(2UI 

(408) 

395-2718 
540-3030 
575-6960 
445-5302 
595-8477 
736-3041 
576-6260 
464-1300 
782-1800 
246-6571 
920-6123 
383-4321 
237-7325 

277-1260 
558-4141 
682-2578 
802-1711 
576-2388 
589-5848 

557-16n 
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Occupational Iledicine: -Principles and Practical A?plications 
by C. Zen2 
Yearbook Medical Publishers. Inc.. Chicago, IL 

Chemical Hazards of the workplace, by N. Proctor and J. Hughes 
J.B. Lippincott Company. Philadelphia. PA 

Hazardous and Toxic Effects of Industrial Chemicals, by M. Sittig 
Noyes Data Corp., Park Ridge, NJ 

Fire Protection Guide on Hazardous Materials 
National Fire Protection Association+ 470 Atlantic Avenue, 
Boston, MA 02210 

NIOSH/OSHA OccuPational'Health Guidelines for Chemical Hazards 
January 1561. DdHS (NIOSH) Publication No. 61-123 fo r  sale 
by the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402 

REFERENCES 

For detailed chemical, physical, and toxicological infonna- 
tion which can be used to prepare Material Safety Data Sheets 
(MSDS) or supplement the information contained in MSDS, the 
following are some useful resources which can be found in 
most large medical or public health libraries: 

Condensed Chemical Dictionar , by A.  and E. Rose 
Reinhold Publishing Corporition. 
New York, NY 10001 

450 West 33rd Street, 

The Merck Index: A n  Encyclopedia of Chemicals and Drugs 
Merck and Company, Inc., 126E. Lincoln Avenue. 
Rahway, NJ 07065 

IARC Monographs on the Evaluation of the Carcinogenic Risk 
of chemicals to Man - Geneva: world Health Organization 
International Agency for Research on Cancer, 1972-1977 
(Multivolume work) 

American Industrial Hygiene Association Hygienic Guides 
American Industrial Hygiene Association 
475 Wolf Ledges Parkway, Akron, OH 44311-1067 

- Industrial Hy iene and Toxicolog , by F.A. Patty 
John wiley 2 sons, Inc., New Yzrk, NY 

Toxicology: 
and John DOull 

(Five volumes) 

The Basic Science of Poisons, by Louis J. Casarett 

Maonillan Publishing Co., Inc., New York, NY 

Industrial Toxicology, by Alice Hamilton and Harriet L. Hardy 
V Group, Inc., Acton, MA 
Toxicology of the Eye, by W. Morton Grant, Charles C. Thomas, 
Springfield, MO 

Handbook of Chemistr and Ph sics 
Chemical Rubber CGpany, ,'901 Cranwood Parkway, Cleveland, 
OH 44128 

Threshold Limit value6 for chemical Substances and Ph sical 
Agents in the Workrocm Environment with-inrended Chanies 
American Conference of Governmental Industrial Hygienists. 
1014 Broadway, Cincinnati, OH 45202 

Dangerous Properties of Industrial Materials, by N. Irving Sax 
Reinhold Publishing corporation, 450 West 33rd Street, 
New York, NY 10001 
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1 . m  (454) 
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[44 FR 50776. Aug. 29, 1979. 85 amended at 
44 FR 58712, Oct. 11. 1979; 44 FR 65400. 
NO". 13,19791 
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iw (45.4 
l(0.4541 
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100 (45.4) 

1.W 1454) 
1 (0.454) 

l.m 1454) 
1.W 14%) 

10 14.54 
1 .wo (454) 

ism 14n) 

5 , W  (2,210) 
l.m (4541 

5 . W  12270) 
5 . W  (2,2701 
1,W (454) 
1.W 1454) 
I,W (454) 

5 . W  12270) 
i.m 1454) 
1.m 1454) 
1 . m  1454) 

5pW (2270) 
l.m 14541 

5 . m  I22701 
1 . m  1454) 

5W 12.270) 
10 (4.54) 

1 . W  (454) 

This regulation see forth a determi- 
nation of the reportable quantity for 
each substance designated as hazard- 
oui  if40 CFKPart ' l lG. The regula:- 
tion applies to quantities of designated 
substances equal to or greater than 
the reportable quaptities. when dis- 
charged into or upon the navigable 
waters of t he  United States, adjoining 
shorelines. into or upon the contim- 
ous zone. or beyond the contiguous 
zone as provided @ section 311(b)(3) of 
the Act, except to the extent that  the 
owner or operator can show such that 
discharges are made: 

(a) In compliance with a permit 
issued under the Marine Protection. 
Research and Sanctuaries Act of 1972 
(33 U.S.C. 1401 et seq.); 
(b) In compliance with approved 

water treatment plant operations as 
specified by local or State regulations 
pertaining to safe drinking water: 

(c) Pursuant to the  label directions 
for application of a pesticide Product 
registered under section 3 or section 24 
of the Federal Insecticide, Funpicide. 
and Rodenticide Act (FIFRA). as 
amended (7 U.S.C. 136 et  aeq.). or PUT- 
suant to the terms and conditions of 
an experimental use permit issued 
under section 5 of F'IFRA. or Pursuant 
to an exemption granted. under section . 
18 of FIKR& 

(d) In wmpUanee with the regula- 
tions iasued under section 3004 or with 
permit conditions issued pursuant tq 
section 3005 of the Resource Conserva- 

4.7 

5 117.3 
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. .  
Subslams 

P119 .............. V W d k  a d .  B m m m  ull 
PlZO van* panbids 
Pim v a n a m ~ m ~  oxas 
FWI..." ........ watfwn 
PI21 ziry; cyenide 
P122 ................ Zinc pbwWdda 1R.r) 

I 

( f )  The commercial chemical prod- 
ucts, manufacturing chemical interme- 
diates. or off-soecification commercial 

~~ 

chemical prodicta referred to in para- 
graphs (a) through (d) of this section, 
are identified as toxic wastes (T) 
unless otherwise designated and are 
subject to the small quantity exclusion 
defined in p 261.5 (a) and (f). 
[Commmt For the convenience of the regu- 
lated community, the primary hazardous 
properties of t h e e  materials have been indi- 
cated by the letters T (Toxicity). R (Reac- 
tivity), I (Ignitabiiity) and C ICorrosivit~I. 
Absence of a letter indicates tha t  the corn- 
pound is only listed for toxicity.1 

These wastes and their correspond- 
ing EPA Hazardous Waste Numbers 
are: 

H& Sublance Waste No. 

a $261.33 Chapter I-Environmental Protectilqn Agency 

37 

uo31 ..... 

UOU.. .- ........ 

'6 

.EM 
Po83 .. PnrsIhiM 
Po 34.-.... PhemI. 2qclohcxyl4.8diiilro- 
Po48 ........ ...... Phenol. 2.440ilro- 
PM7 .. Phenol. 2.4-4Mrt-6-melhyl- 
PO20 ................ Phend, 2.4dn:Iro-6-ll-memy;proWI)- 
p w 9  ................ PhemI. 2.4.6-itinili0. ammnium sal1 IRI 
Po36 .............. Phenvl BcNOmaidne 
Po92 ................ Phenylmercune acehle 
PO93 ..... KPheOylthiDUlea 
w94 ................ P b m I  
PO95 ...... " ........ 

P074. _.II_... Niche1 cyanide 
PO74 .. NlcXel(ll1 cyanide 
PO73 .ll_....l Nickel teltacarbonyl 
PO75 Nicohne and m115 
PO76 ..... .- ... Nitric oxide 
PO77 lll.l.... p.WrWniline 
PO78 ~ .... Nilrogen dioxide 
PO76 Niaogenllll Oxide 
~ 0 7 8  _..." ~-.. ~iirogenilV) oxide 



8 261.33 Title 40-Prdectien of Envirenmant 

u122 ...... Famsld.hld. 
uln. .  ............. Fmic ssd (C.V 
U124 ............... F m n  (I1 . . .  I. - ' U125 ..... : .. "..... *2.FwmcarWxa!deWd4 Ill . . .  
U147.! ............ Z,CFursnd&" * I  
U213 ............... 

Ut26 .... ""....... Glycidylsldd?#de 
U163 ....._.... 1 Guanidine. N-n@rm~NdhybNn&C- 

u211 " MsVlane, tatnrmom- 
u121.... ......... MeLhane. t i chMbx*  
u153 ..... MelhmIIW (I.? 
U225 ......-....... Melhans. vi- 

............... 

~ 

Chlrpter I-Environmentel Pratedion Agency 

~ 

$261.33 - 

ui97  ............... 
w56 cyuaherane (0 
vo57 ....... " Cva0heran.n-a m 
U130.. ............ I.-. 12.3.4.5.5-h%a- 
uo58 cydophaaphund. 
uZ40 ZU-D. %!Is d nlm 
m 9  _-...- DaUmnych 
1x)M) ....... " ...... ow 
I-. -- 

Substance Hazardous 
Waste No. 

VLqO ........ ,_.. 2.4.DichlompMnoryacelis SCd, -!IS Snd 

Uoffi ............... 1 N.N.Orlhylhydia2ine 
U087 ..... .. O . O . O a ! h $ - S m e l ~ l d i l h i ~ ~ h ~ ~ t ~  

U076 _l,l._.l. Em-, 1,ldlChbrD 
w 7 7  Elhaw 1.2-drhbm 
Ul14 l.z.Elht~b.-h+mcddh'& acid 
U131 _.I ......... E t m .  l , ! . l , z ,z ,2~x~ch l~  
uo24 ......... ~ .... E1h.a~. l.!'.CmVIICnebu(o~j)IbrI2cllhro- 
uw3 
U117 ..... ".. I._ EthaW.l.!'orjb% Ill 
W25 I E l m ,  ! .1 '~~9[2-ehkC- 
Ul84 ............. ElhPW. pBn!rCNOir* 
U208 .. Elhaw. 1.1.1.2-letra~hbr~ 
Uzo9 ......... Elhsne. 1.12.2-lelmchlor~ 
u218 ........ EVlansIhaamao 
w 4 7  .I I... Elhaw. l.l.l;tnchloro~2,2~b6lp"lMnl. 

~ ...... E I h a d M e  (1. V 



urn ........... ”” 
u!35 ....... 
U103. .............. 

I65 FR 78529. 18541. NOV. 25; 1980. as 
amended at 46 FR 21477. May S, 19811 

Appmnr I-REEZSE~T~TIVE SAMPLING 

The methods and Equipment wed for 
Mmpling waste materials will vary with the 
form and consistency of the  w s t e  materials 
to be sampled. Samples collected using the 
sampling protocols listad below. for sam- 
pling waste with properti- similar to  the In- 
dicated materials. will be considered by the 
Agency to be representative of the waste. 
Extremely viscous liquid-ASTM Standard 
D140-70 Crushed or wwdered material- 
ASTM Skndard D346-75 Soil or rock-like 
material-ASTM Standard D420-69 Soil- 
like material-ASTM Standard 01452-65 

Fly Ash-like material-ASTM Standard 
D2234-78 [ASTM standards are available 
from ASTM. 1916 Rarr St.. Philadeiphia 
PA 191031 

Containerized liquid wastes-”COLIWASA” 
described in “Test Methods for the Evalu- 
ation of Solid Waste. Physical/Chemlcal 
Methods.” * US. Environmental Protec- 
tion Agency. Office of Solid Waste. Wash- 
inston. D.C. 20460. [Copies may be ob- 
tained from Solid Waste Information. US. 
Environmental Proteclion Agency. 26 W. 
St. Clair St.. Cincinnati. Ohio 452681 

Llquid waste in pits. ponds. lagoons. and 
similar reservoirs.-”Pond Sampler’’ de- 
scribed in -Test Methods for the Evalua- 
tion of Solid Waste. Physical/ChemicaI 
Methods.” 

*These methods are also described in 
‘Samplers and Sampling Procedures for 
Hazardous waste Streams.” EPA 600/2-80- 
018. January 1980. 

-ODs 

S U . ? ? t O 2 . a , ~  
mtw hyc,ae 
mVric and. dinethyl &sr 
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0205.- ............ 
U232 -. 
urn7 ............... 
U208 
UM9 ............... 

Slltul selenide 1R.T) 
21.5-T 
12.C.S.TeUaC~~,Obe”lene 
l.I.I.2-lslr~Chl~loe~h~”~ 
l.1.2.2-Tetrachl~~roethane 
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66820. Removal of Spilled or Improperly Deposited Waste. 
The Department ma require the operator to remnve from the disposal site 

and proper1 dispose olany extremely hazardous waste disposed of or applied 

the waste was not consistent with the requirements opphis Chapter and the 
conditions of the Extremely Hazardous Waste Disposal Permit issued by the 
Department. 
W 5 .  Recurring Disposal of Extremely Hazdous Waste. 

The Department may grant a producer of an extremely hazardous waste an 
-Extremely Hazardous Waste Dis sal Permit, valid up to 12 months, that speci- 
fies approved methods for the Endling and disposal of a specific extremely 
hazardous waste that is routinely produced 

Article 6. Fees 
66610. Fees for Off-site Disposal. 

(a) The operator of an off-site hazardous waste facility shall ay fees to the 
Depar!ment for hazardous waste which he disposes of on or into P and or applies 

on land, an Lr any soil contacted by the waste, if the dis sal or application of 

_ _  to land. based o n  

other than bv nineline. 
(1) Manifests received at the site for hazardous wastes delivered to him 

z r ~ r - ~ - - - - .  
( 2 )  Other waste disposal records maintained in accordance with Section 

66550 (a) (3) for hazardous wastes delivered to him by 
(b) Theoperator of an off-site hazardous waste facilit 

Department for the first 2500 tons per month received 
of one specific producer of hazardous waste.'Thefeeq 
at a rate of 10 percent per month if not paid wi th i  60 days of the month  of^ 
dis sal, shall be: 

One dollar for each load of hazardous waste, delivered to him other than 
by ipeline. which weighs one ton or less and which he disposes of on land or 
ap %es to land k) One dollar for each load or one dollar per ton, whichever is greater, for 
each load of hazardous waste. delivered other than by pipeline, which weighs 
more than one ton and which is disposed of on land or is ap lied to land. 

(3) One dollar per ton for all hazardous waste delivered to Rim by pipeline, 
based on the wei ht disposed of on land or ap lied to land 

hazardous waste received from one s cific site owned by a specisc producer 
of hazardous waste during one m o n t r  

ratorshall 
calculate the weight of all hazardous waste disposed of based on t r e known or 
estimated volume and density of the waste or based on other measurements or 
estimates approved by the Department 

(e) Hazardous wastes transported on public roads and subse uently-dis- 
posed of le ally to sanitary sewersshall not be exempted from the jis sal fees 

legible copies of all completed hazardous waste manifests to the $e artment 
on a monthly basis along with one dollar per ton for the wastes so fisposed. 
NOTE: Authority ind reference cited: Section 208. Health and Safety Code. 
IlIsTonY. 

IRegirtw 70. No 19). 

(c) No more t a an $2500 need be paid the 8 epartment for an amount of 

(d) Ifscalesare not available at a hazardous waste facility, the0 

nor from t fi e requirements of this Chapter. The sewerage agenc s R" all send 

I .  Amendment o f  rubreciion (4 (2) filed 5-10-79; effective thirtieth dry thereafter 

TITLE 22 ENVIflONNENTAi. HEALTH 
I~.nI.f.r 78. No. 18-612-781 

f l  6867% Fees for On-site Dirposd. 
(a) The operator of an on-site hazardous waste facility shall pay a fee of one 

r ton to the Department for the first 2,500 tons of hazardous waste %%E disposes of on or into land or ap  lies to land in any one month. 
I (b) No more than $2500 need be paid t i e  Department for any amount of 

hazardous waste disposed of at one specific on-site hazardous waste facility in 
one month. 

within 60 days of the month of disposal 
(c) The fees shall be increased at a rate of 10 percent per month if not paid 

. 
66874. Payment of Fees 

Fees due the Department shall be mailed to the following address: 
State Department of Health 
Accounting Section 
Hazardous Waste Control Account 
744 P Street 
Sacramento, CA 95814 P, 

86876. Waiver of Fee 
(a) The o rator of a hazardous waste facility shall pay the a R propriate fee 

as required% this Article unless the Department has given t e operator a 
written waiver of fees for dis sal of that waste. The fee may be waived if it 
is shown to the satisfaction oft fp e Department that the waste has been rendered 
nonhazardous 

fh\ R e n w c t c  for waiver shall be made in writine and shall include: '. ~ - ,  ---_l ____ ... .. .~~~ 
(1) A description of the processing method use& 
12) A chemical analvsis of the waste before and after treatment 
(3; The volume of the waste before and after treatment. 
(4) The volumes and corn itions of any hazardous residues which are 

removed from the waste or w E h  are generated as result of treatment of the 
waste. 

( 5 )  The method to be used for disposal of the treated waste and of any - 
residues 

be ore and after treatment. 
p) The Department may obtain and analyze samples of the waste collected 

(d) The Department shall continue. grant or deny each request within 50 
'' days 

(e) The Department may waive the fee for disposal of a waste for a period 
up to 12 months, rovided the treatment and disposal method and the chemical 
composition of t l e waste do not change during that period. 

Article 9. Hazardous Wastes and Hazardous Materids 
66680. Lists of Chemical Names and Common Names 

(a) A waste that consists of or kntains a material cited in the List of Chemical 
Names or the List of Common Names presented in this Article shall be consid- 
ered a hazardous waste and shall be handled and disposed of according to the 
requirements set.forth in this Chapter, unless it is shown to the satisfaction of 
the Department that the waste does not meet the definition of hazardous w a s k  c3 
presented in Article I of this Chapter. -E 
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' ?  (I!) The potential hazardous property of a material cited-in the List of 
Chm;cal Na+%or the List ofiCommon Names is indicated in the list as follows: 
(T) toxic, (C) cdrrosive. ( 1 )  irritant, (F) flammable. (S) strong sensitizer and 
(1') pressure generating. An asterisk r ' )  in Siibsection (d) denotes an extreme- 
ly  hazardous waste (?e Article 10 of this Chapter). All letters in trademark 

(e. 1790) iAW1.t.r 79. No. 1-612-7S4 

names are capitalized. 
IC) A waste that meets the definitionof hazardouswaste aresentedin Article 

1 of.this'Cha ter shall be considered a hazardous waste khether or not the 

according to the requirements of this Chapter. 
waste is cite B in this Article. Such a waste shalf be handled and disposed of 

Id) List of Chemical Names: 
1. -Acetaldehyde (T.F) 
2 Acetic acid (T.C) 
3. Acetone. Prooanone 1T.F) 
4. 'Kcetone cyaAoh drin' (Ti 
5. Acetonitrile (T, Fy ) 
6. '2-Acetvlaminonuorene. 2-AAf (T) 

~ ~. -7. Acetyl benm I peroxide (T,?,P),.' . . - 
9. Acetvl mroxide 1T.F.P) 
8. Acetyl chlori K e (T,CF) 

. . . .  
IO. Acridink 1T.C) 
11. 'Acroleh, Aqudin (T.1.F) 
it 'Acryhitrile (T,F) 
13. 'Adiponitrile (T) 
14. 'Aldrin; 1.~3.410,l~Hexachloro-1.4,4~5,8.8a-hexahydr~ 

1,4.5,Bendoexodimethanonaphthalene (T) 

26. 'Aluminum hos hide, PHOSTOXIN (T,F) 
27. '4-Aminodiplenyf. 4-ADP (T) 
28. '2-Aminopyridine fT) 
29. 'Ammonium arsenate (T) 
30. 'Ammonium bifluoride ITS) 
31. Ammonium chromate (TS,F) 
32. Ammonium dichromate, Ammonium bichromate (T,CS,F) 
33. Ammonium fluoride (T,C) 
:14. Ammonium hydroxide (T.C) - 1. 
&5. Ammonium molybdate (T) 
36. Ammonium nitrate (F,P) 

ia 

0 
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31.. 
38. 
39. 

41. 
.42 
43. 
44. 
45. 

40. 

46. 
47. 
48. 
49. 
50. 
51. 

Ammonium perchlorate (4F.P) 
Ammonium permanganate (T,F,PJ 
Ammoriium persulfate (F,P) 
Ammonium picrate (T,S,P) 
Ammonium sulfide (EC) 
n-Amyl acetate, LAcetoxypentane (and isomers) (T,F) 
n-Amylamine. Ihminopentaoe (and isomen) (T.1.F) 
n-Amyl chloride, IChloropentane (and isomers) (T,F) 
n-Amyl merca tan. Mentanethiol (and isomers) (T.F) 

n-Amyl nitrate, n-Pentyl nitrite (and 'wmers) (T,F) 
Am I trichlormilane (and isomers) (T.C) 
Anizne, Aminobenzene (T,S) 
Anisoyl chloride (T,C) 
Anthracene (T.1) 

- 

n-Amylene, 1- B entene (and isomers) (T,F) 

52 Aniimony [I;) . ' 
53. Antimony compounds (T) 
54. Antimony pentachloride (T,C) 
55. Antimony pentafludride (TS) - __ . . . _ _  . . _ _  _ _  
56. Antimony pentasulfide (T,F) 
57. Antimony potassium tartrate (T, 
58. Antimony sulfate, Antimony trurulfate (T,F) 
59. Antimony trichloride. Antimony chloride (T,G) 
M). Antimony trifluoride. Antimony fluoride (T,C) 
61. Antimony trioxide, Antimony oxide IT) 
62 Antimon trisulfide, Antimony sulfide (T,F.P) 
63. 'Arsenic &) 
64. 'Arsenic acid and salts (T) 
65. 'Arsenic campoune (41 
66. 'Arsenic pentaselenlde (T) 
67. 'Arsenic pentoxide, Arsenic oxide (T) 
68. 'Arsenic sulfide, Arsenic disulfide (T) 
69. 'Arsenic tribromide, Arsenic bromide (T,I) 
70. 'Arsenic trichloride. Arsenic chloride (T.1) 
71. 'Arsenic triiodide, Arsenic iodide (T) 
72 'Arsenic trioxide, Arsenious oxide (T) 
73. 'Arsenious acid and d k  IT) 
74. 'Arsines (T) 
75. Asbestos (includin chrysotile, marite, crocidolite. tremolite, anthop 

76. 'aODRIN, 3-Hydroxy-Ncixrotonamide (T) 
77. Barium (T,F) 
78. Barium azide T,P) 

80. Barium carbonate (T) 
81. Barium chlorate (T,CF,P) 
82 Barium chloride IT) 
83. Barium chromate (T) 
84. Barium citrate (T) 

hyllite, and actino E te) (TI 

79. Byium bromi 6 e (T) 

I ,  

0 . 
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TRITHION. S([(4-Chlorophenyl) thiolmethyl] 0, 

droindane (T) 

n I diethyl phos hate (T) 
'Chlorfenvinphos Compound 4072 2-Chloro-l-(24dichlorophenyl) vi- 

184. 'Xlorine (T.c.FP . .  is .  'Chlorine dioxide (T,CF.P) 

187. 'Chlorine trifluoride (T.CF.P) 
'Chlorine pentafluoride (T.CF,P) 

~~ 

188. 'Chloroacetaldehyde '(T,F) 
189. 'alphaChloroacetophenone, Phenyl chloromethyl ketone (TJ) 
1% 'Chloroacetvl chlodde (T.C) ~~ 

igi. 
192 
193. 

. I % .  
195. 
196 
197. 
19R 
199 

. .  
Ch1oroben;erie (TF) . . 
Para-Chlorobenzoyl roxide (F,P) - 

'orth*Chlorobenzyli~ne malonitrile, W M B  (T) 

'Chloropicrin, Chlorpicrin, Trich oronitromethane (T;I) - 
Chlororulfonic acid (T,CF) 
Chlorwrtho-toluidine. 2-Amino-4chlorotoluene (T.1) 
Chromic acid Chromium trioxide, Chromic anhydride (T,CF.S) 
Chromic chloride. Chromium trichloride (T,LS) 

. Chloroform. Trichloromethane IT) ,. . . . . . .  

. 
2 6 .  Chromic fluoride; Chromium trifluoride (T,I.S) 
201. Chromic hydroxide. Chromium hydroxide (T,I.S) 
2(n Chromic oiide. Chromium oxide (T.LS) . .~ ~~~~ ~~~~ 

2M Chromic sulfate, Chromium sulfate (T.iS) 
2M. Chromium (IV) compounds, Hexavalent chromium compounds . .  

KCFS) , 
UK Chromy chloride, Chlorochromic anhydride (T.CF,S) 
u)6. Cobalt (wwder) (T.F) 
2M. Cobalt compound (Ti 
uy* Cobaltous bromide, Cobalt bromide (T) 
m. Cobaltous chloride. Cobalt chloride (T) 

~ ~~ ~ .~~ ~ ~ ~~~ . .  
2ia Cobaltous nitrate, b b a l t  nitrate (T.F) 
211. Cobaltom resinate, Cobalt resinate (T,F) 
212 Cobaltous sulfate, Cobalt sulfate (T) 
213. Coeculus. Fishberry (T) 
214 Collodion, Pyroxylin (nitrocellulme) in ether and alcohol (F) 
215. 'Copper acetoarsenite. Paris green (T) 
216. Copper acetylide (T.P) 
217. 'Copper arsenate. Cupric arsenate (T) 
218 'Copper arsenite, Cupric arsenite (T) 
219. Copper chloride, Cupric chloride (T) 
9.220. - Coooer chlorotetrazole (T.P) 
221. compounh (T) ' , 
222 'Copper cyanide, Cupric cyanide (T) 
223 Copper nitrate, Cupric nitrate (T.F,P) 
224 Copper sulfate, Cupric sulfate, Blue vitriol (T) 

n 

n 

0 
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225. 'Coroxon; ortho,orth*Diethykrtho- (5chlor~-methylmumarin-7-yl) 

226. 'Coumahtryl FUMARIN. ~i-(Z-Furanyl)30xobutyljl-4-hydroxy-ZH~ 

227. 'Coumatetralyl, BAYER 2%!34, RACUMIN 57,4Hydmxy3-(1.23,4-tet- 

228 'Crimidine, .-, CASTRIX, 2-Chloro-4dimethyLmino6-methylpyrimidine 

phospha!e (T) 

1-benzopyran-%ne (T) 

rahydrol-naphthalenyl) -2H-I-benzopyran-2-one (T) 

( 1  1 
229. 'Crotonaldehyde, 2-Butenal (T,I,F) 
230. Cumene. Is0 ropy1 benzene (T) 
231. Cumene hy a roperoxide; alphqalpha-Dimethylbenzyl hydroperoxide 

I,.. 7 3  

2 

- _- - .  

. I  

246 C clopentene (T.F) 
247. DbT; 1.1,l-Trichloro-22bic(chlorophen 1 ethane ( 

249. 'Decaborane 1T.F.P) 
%n DECALIN. Demhvdronaohthdene (21) 

7 , 248, 'DDVP. Dichlorvm VAPONA. Dimethy 7d. ichlorovhy phosphate (T) 

. .. . .~ - ~ ~ ~ . ~ .  ~ ~ 

251. 'Demeton, SwSrOrf ( 

W DiazJinitro henol, DDNP. %8iazo4,G-dhitiobenzene-l-onide (T.P) 
254 'Diborane, D k r o n  hexahydride (T,LF) 
255. 23-Dibromol.chloropropane, ,- .. DBCP. W O W  NEMAGON 

25% 'Demeton-$methyl MEl'AISOSXVOXSWON SWethyl- 
sulfon 1) ethyl] 0,Odimethyl hcsphorothndte (72 

CL.11 
256 n-Dibutyl ether, Butyl ether (and isomers) (T.F) 
257. Dichlorobenzene ortho meta, ) (T.0 
258. '3.3-Dichlorobenzidhe :Ad salts%B (TI 
%9. I;%Dichloroethylene; I,%Dichloroethene (T.SF) 
260. Dichloroethyl ether. Dichloroether (TJ) 
261. Dichlorohvanuric acid DichIoroStriazine-246trione (T.P' - I  

262 Dichloromethane, Methylene chloride (T.1) 
263. 2.4-Dichlorophenoxyactic acid; 24D (TJ) 
264. 1.2-Dichloropropane, Propylene dichloride (T.F) 
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265. 1,3-Dichloropropylene; 1,3-Dichloropropene (T,I,F) 
266. Dicumyl peroxide (F) 
267. Dieldrin; 1.23.4.10,10-Hexachloro-6,7~epony-l4 4a.5.6.7.8.8a-octahydro- 

1.4-endo. exo-5,8-dimethanona p .  hthalene ."' ( 
268. Diethylaluminum chloride, A uminum diet yI monochloride. DEAC 

IF1 
269. Dihhylamine (T,I.F) 
270. 'Diethyl chlorovinyl phosphate, Compound 18% (T) 
271. Diethyldichlorosilane (T,C,F) 
272 Diethylene glycol dinitrate (T.P) 
279 Diethvlene triamine IT I SI 
274. 
275. 
276. 
277. 
278. 
279. 
UH). 

281. 
282 
28% 

290. 
291. 
292 
2%. 
294 
295. 
296. 
297. 

, -.-.-, 
'0,O-Diethyl-S(isopiopylthiomethyl) phosphorodithioate (T) 

'Diglycidyl et!,, biskZ3-Epoxypropyl) ether (T,S) 

'Dimefox, HANANE, PEXTOX 14, Tetramethvlohomhorcdiimidic 

Diethylzinc, Zinc ethyl (C,F) 
Difluorophos horic acid (T.C) 

Diiipropylbenzene ydroperoxide (T,F) 
Diisopropyl peroxydicarbonate (T.C,F,P) 

,- - 
Dimethy fluoride IT' amme. . DMA (T,I.F) 

'Dimethylaminoazobenzene. Meth 1 yellow (T) 
Dimethyldichlorosilane, Dichloro&nethylsilane (T,C,F) 
25-Dirnethylhexane;25-Dih droperoxide (SF) 

'IJ-Dimethylhydrazine, UDLH (T,F) 
'Dimethyl sulfate, Methyl sulfate (T) 

24IDinitroaniline (TJ) 
'Dinitrobenzene (ortho. meta mral 1T;I.PI 

'Dimethyl sulfide, Methyl sulfide (T,F) - .  
. , .-.-- 

Dmitrochlorobe&ene. '1-Chloro-24dinitrobn~ene (T,/P) 
'26Dinitro-orthocresol DNPC SINOX. ECETOL 30 IT) 

, \-.-, ~ , , ,~ . ~ . ~  ~~~~~~~~~ 

24-Dinkrophenylhydrazine (T,F.P) 
Dinitrotoluene (24-;3,4;;3,5-iimers (T,F,P) 

'DINOSEB; 24-Dinitro-6sec-butyl h enol (T) 
1.4-Dioxane 1,d-Diethylene dioxi2 (T,F) 

'Dioxathion, DELNAV;S,S1,4dioxane-Z3diyl bis(0,O-diethyl phos- 
ohorodithioate) (TI ~ ~~~~~~~~~~~ 

298 bipentaerythriioi hexanitrate (P) 
299. 'Diphenyl, Biphenyl, Phenylbenzene .(T) 
m. Diphenylamine. D P 4  N-Phenylaniline (T) 
301. 'Diphenylamine chloroarsine, Phenarazine chloride. (T,I) 
302 Diphen ldichlorosilane (T,C) 
3Q3. DipicryLmine. Hexanitrodiphenyl amine (T.P) 
304. Dipro yl ether (T,F) 
3Q5. 'Disuliton. 'DI-SYSTON;O,O-Diethyl S-p(ethylthio) 'ethyl] phos- 

306. bodec ltrichlorosilane (T,C)- 
307. 'DOWC!0-139. ZECTRAN Mexacarbate, 4-(Dimethylamino -3,Sdime- 

horodithioate (T) 

thylphenyl methylcarbarnate (T) 

f - '  

r 

t 6w.90 
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308. 
309. 
310. 

311. 
312 

313. 

314 
315. 
316. 

317. 
318. 
319. 
320. 
321. 
322 
323. 
324. 
325. 
326. 
327. 
328 
329. 
330. 
331. 
332 
333. 
334. 
3%. 
336. 
&?I. 
338. 
339. 
340. 

341. 
342 
343. 
344. 
345. Fluoride salts iT) 
346. 'Fluorine (T.C,F) 
347. 'Fluoroacetanilide. AFL 1082 (T) 
348. 'Fluoroacetic acid and salts, Compound 1080 (T) 
349. 'Fluorosulfonic acid. Fluosulfonic acid (T.C) 

. .  . 
t-' 
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A t 
1 6 .  ; - r .  $1. Formic aciCMethacoic acid (T,C) 

: h0. Formalbeh e Methanal (T,F,S) 

352 Fulminate of mercuiy. Mercuric c y m t e  (T,P) 
353. 'FURADAN, MA 10,242 Carbofuran; 23-Dihydr~.ZZdimethy1-7-ben- 

zofuranylmethyl~ar~mate (T) 
354. Furan. Furfuran (T.F,P) 
355. Gasoline (F) 
356. 'GB, 0-Isopro yl methyl phosphoryl fluoride (T) 
357. Glutaraldehy$e (TIS) 
358. Glycerolmonolactate trinitrate (P) 
359. Glycol dinitrate, Eth lene glycol dinitrate (P) 
360. Goid.fulminate, G o d c  nate (P) 
361. Guanidine nitrate (F.P,? 

363. Guthion; O,QDimet~y~-S4-oxo-l.23-ben~otriazin-3(4H)-ylmethyl r--r 

365. Heptachlor; ~ 4 ~ 6 , 7 , 8 , 8 - ~ e p t a c h l o r ~ ~ ~ 7 . 7 a - t ~ ~ ~ y d r ~ , 7 ~ m ~ -  - 
386. n-Heptane (and isomers) (T,F) 
367. 1-Heptene (and isomers) (T,F) 
a68 Hexadecyltrichlormilane (TC) ,. . 
369. Hexaethyl tetraphosphate, HETP(T) 
370. Hexatluoroyhmp!m+ $id (T,C) . 
372 nLHexane (and isomen) (T,F) 
37% 1-Hexene (and isomers) (T,I,F) 
371 n~&xylamine, 1-Arninohexane (and iiomets) (T,LFJ 
375. Hex Itrichlordam (TS) 

377. Hydrazine azide (T,P) 
378. Hydrizoic-acid, Hydrogen wide (T,LP) 

' 379. Hydriodic acid, H ro en iodide (T.C) 
Hydrobromic aci Hy ogen bromide (T.C) 

381. Hydrochloric acid, Hydrogen chloride, Muriatic Acid (T.C) 
382 'Hydra: anic acid, Hydrogen c anide (T.F) 
%% 'Hydrofihic acid, Hydrogen Loride (T.C) 
3&t Hydrofludicic acid, Flumilicic acid (T,C) 
385. Hydrogen peroxide (T,CF,P) 
386 '.Hydrogen selenide (TLF) 
387. *Hydro en sulfide (T,LF 
388 H y f d o r i t e  compound (T,GF) 
389. In ium (T) 
3% Indium compounds (T) 
391. Iodine monochloride (TBC) . ' 
392 Isoottane; 2,Z.CTrimethyIpentane (T,F) 
39% Isooctene (mixture of isomers) (T,R 
39k hpentane, ZMethylbutane (T.F) 
395. Isoprene, ZMethyl-1.3-butadiene (T,LF.P) 

362 Guanyl nitrosamioopan lidene hydrazine (P) . . - .  

phosphorcdithioate (T) 

thanoindene (T) 

- .  364.. Hafnium (F) 

371. Heymethy enedtamme, 1.6-Dlarmnohexane (TJ) r' 

376 'Hy 2 razine, Diamine (T.I,F) 

bd 5 .  
f7 
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% 396. Isopropanol lsopro. yl almhol, 2 Propa.fio1 (T.F) 
397. lsoprbpyt acetate (!,F)~. , . 
398. Isopropyl acetylene; 3-Methylbutyne (T,FI 
399. Isopropylamine, ZAminopropane (TLF) 
400. Isopropyl chloride, 2-Chloro ropane (F) 
401. Isopropyl ether, Diiipropy P ether (T.I,F) 
402. Isopropyl m e r c a p  %Propanethi01 (T.I,F) 
403. Isopropyl percar nate. Diwpropyl peroxydicarborate (CF) 
404. 'meta-Isopropyl henyl Nmethylarbamate, Ac 5,727 (T) 
405. Lauroyl proxife, Di-ndodecyl peroxide (T,GF,P) 
4%. Lead compounds (T) 
4M. Lead acetate (T) 
408. 'Lead arsenate, Lead orthoarsenate (T) 
4w. 'Lead arsenite (T) 
4LO. .Lead azide .(T,P) . . - 
411. Lead carbonate (T) 
412 Lead chlorite (T,P) 
41.3. 'Lead cyanide (T) 

-414: Lead 2,4dinitroresorcinate (T,P). - -  . - - . - .  . 
415. Lead mononirrofejorcinate (T.P) 
416. Uad nitrate (T,F) 
417. Lead oxide (T) 
416; Lead dyphnate, Lead trinit?6remrcinate (T,P) 
419. 'Lewisite. betaChlaiovinyldichlor~sine (T) 
420. Lithium (CF) 
421. Lithiuni aluminum h dride, LAH (CF,P) 

42% Lithium ferrosilicon. (F) 
424 Lithium hydride (CF,P) 
4%. Lithium hypochlorite (.T,CF) 
4% Lithium peroxide (C,F,P) 
427. Lithium silicon (F,P) 
428 'London urple, Mixture of arsenic trioxide. aniline, lime, and feruj 

ogde (TP 
429. Magnesium (F) 
430. 'Magnesium arsenate (T) 
431. 'Magnesium arsenite (TI 
432 Magnesium chlorate (T,F) 
433  Magnesium nitrale (EP) 
434. Magnesium perchlorate (T,F.P) 
435. ,$nesium rmxide. Magnesium dioxide (F) 
436. ere anhy nde (T.1) 
437. Manganese (powder) (F) 
438. Manganese acetate (7)' 
439. 'Manganese arsenate, Manganous arsenate (T) 
440. Manganese bromide, Manganous htomide (TJ) 
441. Manganese chloride, Manganous chloride (T.1) 
442 Manganese methylcyclopentadienyl tricarbonyl (3 
443. Managanese nitrate, Manganous nitrate (T,F) 

422 Lithium amide,(GF, J ) 

h '  

-. .. ' 0  2-16932 0 . 
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444. Mannitol hexanitrate. Nitiomannite (P) 
445. 'MECARBAM;O,O-Diethyl S-(N-ethoxycarbonyl N-methylcarbnmoyl- 

methyl) phosphorodithioate (T) 
446. 'Medinoterb ,-, acetate, 2-tert-Butyl-5-methyI-4.6dinitrophenyl acetate 

(11, 
447. Memtetrahydrophthalic anhydride (T,C) 
448. Mercuric acetate, Mercury acetate (TJ) 
449. Mercuric ammonium chloride. Mercury ammonium chloride (TJ 
450. Mercuric benzoate, Mercury benzoate (T.1) 
451. Mercuric bromide, Mercury bromide (T.1) 
452 'Mercuric chloride, Mercury chloride (TJ) 
453. 'Mercuric cyanide, Mercury c anide (TJ) 
454. Mercuric iodide, Mercury d d e  (T.1) 
455. 
456. Mercuric oleate, Mercur oleate (T) 

458. Mercuric oxycyanide (T,P) 
459. Mercuric-potassium iodide, Mayer's reagent (T) ~ 

460. Mercuric salicylate, Salicylated mercur (T) 

462 Mercuric sulfate, Mercury sulfate (T) 
463. Mercuric thiocyanide, Mercury thiocyanate (T) 
464. Mercurol, Mercu nucleate (T) 
465. Mercurous bromge (T) 
466. Mercurous glumnate (T) 
467. Mercurous iodide (T) 
468. Mercurous nitrate (T,P) 
469. Mercurous oxide (T) 
470. 
471. 
472 'Mercury (T) 
473. Mercury compounds (T) 
474 Metal carbonyls (T) 
475. Metal hydrides (F,P)., 
476. Metal powders (T,F) 
477. 'Methomyb LANNATE, >Methyl-N-( (methylcarbamonyl)' 

oxy) thioacetamidate (T 
478: 'Methoxyethylmercuric cbloride, ACALLOL, ARETAN (T) 
479. Methyl acetate (T,F) 
480. Meth 1 acetone- [Mixture of acetone, methyl acetate, and methyl al- 

cohol! (T.F) 
481. Methyl alcohol Methanol [T,F 

483. Methylaluminum sesquichloride (F) 
484. Methylamine, Aminomethane (T,I,F) 
485. N-Meth laniline (T) 
486. .:Methyl iromide, Bromomethane (TJ) 
487. 2-Methyl:)-butene (F) 
488. 3-Methyl-I-butene (F) 

Mercuric nitrate, Mercury nitrate (T,F) 

457. Mercuric oxide (red an a' yellow) (T,F) 

461. Mercuric subsulfate, Mercuric dioxysnl r ate (T) 

Mercurous sulfate, Mercury bisulfate (T) 
para-Menthane hydroperoxide, Paramenthane hydroperoxide (I,F) 

482 Methylaluminum Sesquibromi d e (F) 

n 
- 

P 

. .  

\ 

TITLE 22 ENVIRONMENTAL HEALTH 
mWi.t., m. NO. 19--hiz-mI 

489. 
490. 
491. Methyl chloride, Chloromethane (T,F) 
492. 
493, 'Methyl.chloromethyl ether, CMME (T) 
494. Methylcyclohexane (T,F) 
495. 'Methyldichloroarsine (T,I) 
496. Methyldichlorosilane (T.1) 
497. *4,4-Methylene bis(2-chloroaniline). MOCA (T) 
498. Methyl ethyl ether (T.F) 
499. Methyl ethyl ketone, %Butanone (T,F) - 
5W. Methyl ethyl ketone peroxide (T.1.F) 
501. Methyl formate (T.I,F) 
502 'Methyl hydrazine, Monomethyl hydrazine, MMH (T,F) 
503. 'Methyl isocyanate (T.F) 
504. Methyl isopropenyl ketone, Z-Methyl-d-butene&ne (T,F) 

506. Methylmagnesium chloride (GF,P) 
507. Methylmagnesium iodide (CF.P 

509. Methyl methacrylate (monomer) (T.F) 
510. 'Methyl parathion;O,O-Dimethyl-O-para-nitrophenylphosphorothioate 

(T) 
511. Methyl pro ionate (F) 
512 Methyltrichyorosilane (T,CF) 
513. Methyl valerate, Methyl pentinoate (and isomers) (F) 
514. Methyl vinyl ketone, 3-Butene-%ne (TLF) 
515. 'Mevin has, PHOSDRIN, Xarbomethoxy-1-methylvinyl dimethyl 

phospgate (T) 
516. 'MOCAP, 0-Ethyl-S.S-dipro yl phosphorodithioate (T) 
517. Molybdenum (powder) (Ff 

519. Molybdic acid and salts (T 
520. Monochloroacetic 
521. Monocbloroacetone, Chloroacetone, I-Chlore2-propnone (T,I) 
522 Monofluoro hosphoric acid (T,C) 

524. Na hthalene (T,I,S) 
525. 'alpia-NaphthTmine, bNA .(T) 
526. 'beta-Napnthy amine, 2 NA (T) 
527. Neohexane; ZZDimethylbutane (T,F) 
528. Nickel (powder) (T,F) 
529. Nickel acitate'(T) 
530. Nickel antimonide (T) - 
531. 'Nickel arsenate, Nickelous arsenate (T) 
532 'Nickel carbonyl, Nickel tetracarbdnyl (T) 
533. Nickel chloride, Nickelous chloride (T) 
534. 'Nickel cyanide (T) 
535. Nickel nitrate, Nickelous nitrate (T,F,P) 

Methyl butyl ether (and isomers) (T.F) 
Methyl butyrate (and isomers) (T,F) 

Methyl chloroformate, Methyl chlorocarbonate (T.1.F) 

51%. Methylmagnesium bromide (CF,P) $ 

508. Methyl mercaptan, Methanethio 1 (TLF) 

518. Molybdenum trioxide, anhydride (T.1) 

523. Naphtha (0 P petroleum or coal tar origin) (T.F) 

' 

- 

! 
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583. .Phenylh dra2ine.h drochloride (T) 
584. Then Iplenol OrtiozenoI, DOWICIDE 1 (T) 
585. Pheny6richorosikne (T.C) 
586. 'Phorate. THIMET; 0.0-Diethyl-% [ (Ethylthio) methyl] phosphorodi- 

" .. 

6oa Phosphorus tribromide (T,CP) 
601. 'Phosphorus trichloride (T,CP) 
602 Picramide, Trinitroaniline (T,P) 
602 Picric acid Trinitro henol (T,P) 
604. Picryl chloride, ~lor~I,3;5-tri4itrobenzene (T,P) ., 
605. "Platinum compounds (T) 
606. 'Pol chlorinated biphenyl, PCB. Askarel AROCLOB CHU)REX- 

607. Pol inyl nitrate (F,P 
w8 POrSAN; O.O-Dietbyl-O-(4-methylumbelliferone) phmphorothic- 

M)9. Potassium (t2,F.P) 
610. 'Potassium arsenate (TJ) 
611. 'Potassium arsenite (TJ) 
612 'Potassium hifluoride, Potassium acid fluoride (T,C) 
613 Potassium binoxdate, Potassium acid oxalate (TJ) 
614. Potassium bromate (T,I,F) 
615. 'Potassium cyanide (T) 
616. Potassium dichloroisocyanurate (T,I,F) 
617. Potassium dichromate, Potassium bichromate (T,CS,F) 
618. Potmiurn dinitrobenzfuroxan (T,P) 
619. Potassium fluoride (T,I) 
620. Potassium hydride (C;F,P) 
621. Potassium hydroxide, Caustic potarh (T,C) 
622 Potassium nitrate, Saltpeter (F,P) 
623. Potassium nitrite [F,P) 
624 Potassibm oxalate (TJ) 
625. Potassium perchlorate (T.1,F.P) 

TOL INERTEEN. PYRANOL (TJ) 

ate (T) 

ENVIRONMENTAL HEALTH TITLE 22 
IR.01.tw n No. I C C t Z - I R  

$- 
(p. 1rn.2) 

A 

I' 536. Nickel selenide (T) g 
537. . Nickel sulfate (T) 
538. Nicotine, beta- yl-alpha-N-methyl pyrrolidine (T) 
539. Nicotine salts Kd 

f '  

540. Nitric acid (T.CF) 
541. Nitroaniline. Nitraniline (ortho, met4 para) (T.P) 
542 'Nitrobenzol Nitrobenzene (T) 
543 '4-Nitrobi henyl4 NBP (T) 
544. Nitro c a r k  nitratd (F.P) 
545. Nitrocellulme. Cellulose nitrate, Guncotton, P oxylin (F.P) 

547. Nitrogen murtarcl (T.C.1) 
548. Nitrogen tetroxide. Nitrogen dioxide (T.F) 

546. Nitrochlorobenzene, Chloronitrobenzene (ort r o,meta,para) (T) 

549. 
550. 
551. 

Nitro-lycerin, Trinitroglycerin (T,F,P) 
Nitrog drochloric acid Aqua regia (T,C,F) 

'Nitropieno1 (ortho, meta, ara) (T) 
'N-Nitrosodimethylamine, Amethyl nitrosoamine (T) 
Nitroroguanidine (P) - - I 

Nitrostarch, Starch nitrate (F.P) 
Nitroxylol I,... Nitroxylene, Dimethylnitrobenzene (24-;3, 

I 

552 
'553. 
554. 

... 

555. 
(11  

556. 1-Nonene, I-Nonylene [and Lomers) (T,F) 
557. Nonyltrichlorosilane (T.1) 
558. Octadecyltrichlormilane (TJ) 
559. n a t a n e  (and isomers) (T,F) 
560. I-Octene, 143 rylene (TF) 

562 Oil of bergamot (S 

564. Orris rout (SI 

561. Octyltrichlorosi Ll e (T.1) 

563. Oleum, Fuming su 1 furic acid (T,C) 

565. 
566. 
567. 
568 

(hnium comwunds IT) . .  
o z l i c  acid (?,I) 

'Oxygen difluoride (T,GP) 
'Para-oxon. MINTACOL;O.O-Diethyl-O-para-nitrophenyl . -  - .  
ph; hate (T) 

Pentaborane (T,I,F) 
Pentaerythrite tetranitrate, Pentaerythritol tetranitrate ( P )  

'Para%ion; 0.0-Diethyl-0-para-nitrophenyl phosphorothioate (T) 569. 
570. 
571. 
572 
573 
574 
575. 
576. 
577. 
578. 
579. 
580. 

n-Pentane (and isomers) (T,F) 
Wentanone, Methyl propyl ketone (and isomers) (T,F) 
Peracetic acid Peroxyacetic acid (T,CF,P) 
Perchloric acid (T,CF,P) 
Perchloroethylene, Tetrachloroeth lene (TJ) 

Perchloryl fluoride (T.dlF) 
Petroleum ether. Petroleum 'naphtha (T,F) 

'P6rchloromethyl merca tan, Trich 1 oromethykulfenyl chloride 

Phenol Carbolic acid (T.C) 
581. 
582 

~ ~~ ~ 

'phenyldichloroanine (T.1) 
Phenylenediamine. Diaminobenzene (ortho,metapara) (T,I,S) 

' e  a ., 
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626. Potassium permanganate (T,CF) 
627. Potassium peroxide (C,F,P) 
628. Potassium sulfide (T.F) 
629. 'Propargyl bromide, 3-Bromo-1-propyne (T.I,F) 
630. 'beta-Pro iolactone. BPL (T.1) 

632 Propionic acid, Pro anoic acid (T,C) 
633. n-Propyl acetate ( .p .F) 
634. ndropyl alcohoi I-Propanol (T,F) 
635. n-Pro ylamine (and isomers) (T.I,F) 

637. Propylene oxide (T.I,F) 
638. n-Propyl formate (T,F) 
639. nBropyl mercaptan, 1-Propanethiol (T.Fj 
640. n-Propyltrichlorosilane (T,CF) 
641. 'Prothoate, FOSTION, FAC; 0.0-Diethyl-Scarboethoxyethyl 

643. 642 Pyrosulfuryl yrldlne (TsF?l c loride, Disulfuryl chloride (T.CP) i 
664. 'Quinone; 1.4-Benzoquinone (TJ) 
645. Raney nickel (F) 
646. 'Schradan, Actamethyl pyrophoiphorakde, OMPA (T) 
647. Selenium (T) 
648. 'Selenium'fluoride (T) 
649. 'Selenous acid, Selenious acid and salts (T) 
650. Silicon tetrachloride. Silicon'chloride (T,C) 
651 Silver acetylide (T,P) 
652 Silver azide (T,P) 
653 Silver compounds (T) 
654. Silver nitrate (T.1) 
655. Silver styphnate. Silver trinitroresorcinate (T,P) 
656 Silver tetrazene (T.P) 
657. Sodium (GF.P) 
658. Sodium aluminate (C) 
659. Sodium aluminum hydride (cF,P) 
6w. Sodium amide, Wamide (CF) 
661. 'Sodium arsenate (T) 
662 'Sodium arsenite (T) 
663. Sodium azide (T,P) 
664 'Sodium bifluoride, Sodium acid fluoride (T,C) 
665. Sodium bromate (T.1.F) 
666. 'Sodium cacodylate, Sodium dimethylarsenate (T) 
€67. Sodium c a r b o n a t e r x i d e  (LF) 
6MI. Sodium chlorate ( J,F) 
669. Sodium chlorite (T,I,F) 
670. Sodium chromate.(T,cS) 
671. 'Sodium cvanide IT) 

631. Propiona f dehyde, Propanal (T.I,F) 

636 Propy P eneimine, 2-Methylaziridine (T.F) 

lho+thioate (T) 

626. Potassium Dermaneanate IT.CFI 
627. ~~~~ 

628. 
629. 
630. 

. -.- , 
Potassium peroxid: (C,F,P) 
Potassium sulfide (T.F) 

'Prooarevl bromide. 3-Bromo-I-nroovne r, 
'beti-P;d iolactone,' BPL (TJ) 
Propiona f dehyde, Propanal (T.I,F) 
ProDionic acid. Pronanoic acid IT.CI 

~ . ~ . ~ I  

633. n-PFopyl acetate ( f ~ )  
634. ndropyl alcohoi I-Propanol (T,F) 
635. n-Pro ylamine (and isomers) (T.I,F) 

637. Propylene oxide (T.I,F) 
638. n-Propyl formate (T,F) 
639. nBropyl mercaptan, 1-Propanethiol (T.Fj 
640. n-Propyltrichlorosilane (T,CF) 
641. 'Prothoate, FOSTION, FAC; 0.0-Diethyl-Scarboethoxyethyl 

636 Propy P eneimine, 2-Methylaziridine (T.F) 

nhorodithioate (TI 
642 Pyridine (T. 

664. 'Quinone; 1.4-Benzoquinone (TJ) 
645. Raney nickel (F) 
646. 'Schradan, Actamethyl pyrophosphoramide, OMPA (T) 
647. Selenium IT) 

643. Pyrosulfuryl Disulfuryl chloride (T.CP) ' 

.. ~ ~~ ~~ 

648. 'Selenium'fluoride (T) 
649. 'Selenous acid, Selenious acid and salts (T) 
650. Silicon tetrachloride. Silicon'chloride (T,C) 
651 Silver acetylide (T,P) 
652 Silver azide (T,P) 
653 Silver compounds (T) 
654. Silver nitrate (T.1) 
655. Silver styphnate. Silver trinitroresorcinate (T,P) 
656 Silver tetrazene (T.P) 
657. Sodium (GF.P) 
658. Sodium aluminate (C) 
659. Sodium aluminum hydride (cF,P) 
6w. Sodium amide, Wamide (CF) 
661. 'Sodium arsenate (T) 
662 'Sodium arsenite (T) 
663. Sodium azide (T,P) 
664 'Sodium bifluoride, Sodium acid fluoride (T,C) 
665. Sodium bromate (T.1.F) 
666. 'Sodium cacodylate, Sodium dimethylarsenate (T) 
€67. Sodium c a r b o n a t e r x i d e  (LF) 
6MI. Sodium chlorate ( J,F) 
669. Sodium chlorite (T,I,F) 
670. Sodium chromate.(T,cS) 
671. 'Sodium cvanide IT) 
672 Sodium d'ichloroi&yanurate [I.F) 
673. Sodium dichromate, Sodium bichromate (T,CS,F) 

phos- 

. .  . I  
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674. Sodium fluoride (T.1) 
675. Sodium hydride (T,C,F.P) 
676. Sodium hydrosulfite. Sodium hyposulfite (F) 
677. Sodium hydroxide, Caustic soda, Lye (T,C) 
678. Sodium hypochlorite (T.1.F) 
679. Sodium meth late, Sodium methoxide (CF) . . 

681. Sodium nitrate, Soda niter (T.F,P) 
682 Sodium nitrite (T.F,P) 
683. Sodium oxide, Sodium monoxide (T,C) 
684. Sodium perchlorate (T,LF,P) 
685. Sodium permanganate (T.1.F) 
686. Sodium peroxide (T,LF,P) 
687. Sodium picramate (T,I,F,P) 
688. Sodium potassium alloy,.NakNack (CF,P) 
689. 'Sodium selenate ( 
690. Sodium sulfide (an Sodium hydrosulfide) (T.LF) 
691. Sodium thiocyanate, Sodium sulfocyanate (T) 
692 Stannic chloride, Tin. tetrachloride (T.C) 
693. 'Strontium arsenate (T) 
694. Strontium nitrate (T.F,P) 
695. Strontium peroxide, Strontium dioxide (1,F.P) 
696. 'Strychnine and salts (T) 
697.' Styrene, Vin lbenzene (T,F) . 
698. Succinic acidlperoxide (T,LF) 
699. .Sulfide salts (soluble) (T) 
70~1 'SulfotepR DITHIONE, BALDAFUM Tetraethyl diihiopyrophosphate 

680. Sodium moly &I ate (T.1) 

' ;1.  

,m 
I' 

701. S u k r  chloride, Sulfur monochloride (T.CP) 
702 Sulfur mustard (T.C) 
Xt3. 'Sulfur pentafluoride.(T,C) 
704. Sulfur trioxide, Sulfuric anh dride (T,CF) 
705. Sulfuric acid Oil of vitriol t; attew acid (T,C) 
706: Sulfurous acid (TC) 
707. Sulfuryl chloride, Sulfonyl chloride (T,C) 
708 Sulfuryl fluoride, Sulfonyl fluoride (T,C) 
709. 'SUPRACIDE, ULTRACIDK S (5-Methoxy-~-oxo-1,3,4-thiadiazol- 

710. 'SURECIDE, Cyano benphos, 0-para-Cyanophenyl-O-eihyl phenyl 
hosphonothioate (4 

711. 'fellurium hexafluoride (T,C) 
712 'TELODRIN, Irobenzan; 1.3,4.5,6,7,~8Octachlor~I,3,~4.7. 

713. 'TEMIK Aldicarb. 2-Methyl-2(methylthio) propionaldehyde-O-(me- 

3(2H)-yl) methyl] -0,Odimethyl p 6 osphorodithioate (T) 

7a-hexahydro-4,7-methanoisobenzofuran (T) 

thylcarbamoyl oxune (T) 
714. '23,7.&Tetrach~orodibenz0-para-dioxi~ TCDD, Dioxin (T) 
715. s m Tetrachloroethane (T) 
716. 'l?etiaethyl dithiono yophosphate, TEDP (T) 
717. 'Tetraethyl lead, TE\ (and other organic lead) (T,F) 



4- EPh!IRONMEKThL HEALTH TITLE 22 
(p. IW.6) 1Rlpi.tn m. No. 1U12-7el 

E -  718 ,'Tettheth I yrophosphate, TEPP (T) 
1. "19. Tetrahy 2P ro uran, THF (T.1.F) 

720. TETRALIN, Tetrahydronaphthalene (TJ) 
721. Tetramethvl lead. Th4L (T.F) 
722 'Tetramethjrl succinonitrjie'(* 
723. 'Tetranitromethane (T,F,P) 
724. 'Tetrasul. AMMERT V-101, Spara-Chlorophenyl-~4,~trichlorophenyt 

sulfide IT) 
725: Tetraze;; 4-Amidin~l-(nitrosamin~am~dino)-l-tetrazene (T.P) 
726. Thallium lT) 
121. 
728. 
729. 
730. 
731. 
732 
733. - - 734. 
135. 
736 
737. 
138. 
739. 
740. 
741. 

742 
74.l 
744. 
745. 
746 . ... 
747. 
148. 
749. 
750. 
751. 
152 
153. 
754 

760. 
761. 
762 
763. 

'Thallium compounds (T) 
'Thallaus sulfate, Thallium sulfate. RATOX (T) 
Thiocarbon chloride, Thiophosgene (T,C 

Thion I chloride, Sulfur oxychloilde (T,C) 

Thorium (powder) (F) 

Titanium (powder) (F) 
Titanium sulfate (TJ) 
Titanium tetrachloride, Titanic chloride (T,C) 
Toluene, Methylbentene (T,F) 

'Toluene-24diisocyanate. TDI (T,I,S.P) 
Toluidine, Aminotoluene (ortho.metqara (T) 

'TRANID, exo-3 -Ghloroendo-6cyano-2none~~-  
(methylcarbamoyl) oxime (T) 
Trichloroborane (T,F) 
1.1,Z-Trichloroethane (T.1) 
Trichloroethylene; l,i.&Trichlorethene (T.F) 
Trichloroisocyanuric acid (TJ,F) 
?,45-Trichlorophenoxyacetic acid; 24.5-T (T) 
Trichlorosilane, Silimchloroform (T.C,F) 
Trimethylamine. M A  (T,l,F) 
Trinitroanisole; 446Trinitraphenyl methyl ether (T,P) 
1.3.5-Trinitrobenzene. TNB (T.P) 
24.6.Trinitrobenzoic acid (T,P) 
Trinitronaphthalene, Nafhtite ,(T,P) 
2,4,6Trinitroresorcinol t hnic acid (T.P) 
2,4,6-Trinitrotoluene, TNl%F,P) 

%is( I-Aziridinyl) phosphine oxide, Triethylenephasphoramide, 
(r n 

'Thionazin, ZINOPHOS; 0.0-Tetramethy I thiuram monosuliide 

Thiop i osphoryl chloride (T,C) 

Tin compounds (organic) (T) . . - .--_ _.. - . 

' 

%&tic acid and salts (T) 

Urea.nitrate (T,F.P) . 
n-Valeraldehyde. n-Pentanal [and "imers) (T,F) * 
Vanadic acid~salts T) 

Vanadium pentoxide, Vanadic acid anhydride (TJ) 
Vanadium oxytrich I oride (T,C) . 

(p. D M  1800.7) 

A 

n 
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764. Vanadium tetrachloride [T,C) 
765. Vanadium tetraoxide (T.1 
766. Vanadium trioxide, Vana rum sesquioxide IT.1) 
767. Vanadyl sulfate, Vanadium sulfate (T.1) 
768. Vinyl acetate (F) 
769. 'Vinyl chloride (T.1.F) 
770. Vinyl ethyl ether (F) 
771. Vinyl isopro yl ether (F) 
772 Vinylidene %loride. VC (T,F) 
773. Vinyltrichlorosilane (T,GF) 
774. VX, 0-Ethyl methyl phosphoryl N,N-diii ropy1 thiocholine (T) 
775. 'WEPSYN 155, WP 155. Triamiphos, ara-&Amino3 hen I 1H 1 2 4 -  

776. Xylene. Dimeth Ihenzene (ortho,meta,para) (T,F) 
777. Zinc (powder) [F) 
778. Zinc ammonium nitrate (T,F)~ - 
779. 'Zinc arsenate (T) 
780. 'Zinc arsenite IT) 
781. ..Zinc chloride.(T,C). - _. 
782 Zinc compounds (T) 
783. 'Zinc cyanide (Tl 
784. Zinc nitrate (T,F,P) 
785. Zinc permanganate TLF) 

787. 'Zinc phosphide 1T.F) 
788. Zinc sulfate (T.1) 
789. Zirconium ( wder) (F) 

191. Zirconium picramate (D 
(e) List of Common Names. Any of the.following waste shall be handled 

and disposed of accordin to the re ulaiions set forth in this Cha ter The 

ing. In this subsection an asterisk denotes the common name of an item which 
comes under the requirements of this Chapter if it contains a hazardous materi- 
a l  

d. ". 

triazol-I-yl)-N,N,N',N'-tetramethyI p Yl osphonic diami s e ( 4- - 

- . - . ~ _ _  - -  . _ _  

786. .Zinc peroxide, Zinc 6. ioxide (T,F,P) 

hazardous propert of eac a waste is iientified as follows: (T) toxi$ &) 
sive. (I) irritant. ( Ey ) flammable. (S) strong sensither and (P) pressuregenerat- 

790. Zirconium c go loride, Zirconium tetrachloride (T,C) 

Acetylene sludge (GI) 
Acid and water (C.1) 
Acid sludge (GI) 
AFUFloc (T) . 
Alkaline caustic liquids (GI) 
Alkaline cleaner (C.1) 
Alkaline corrosive battery fluid (C.1) 
Alkaline corrosive liquids ('2.1) 
Asbestos waste (T) 
Ashes (T.C.1) 
Bag house wastes. 
Battery acid (C.1) 
Beryllium waste (T) . 

6'. 

. .  * '  . ;  
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Ril e water (T) 

Bunker Oil (T,F) 
Catalyst' 
Caustic sludge (C.1) 
Caustic wastewater (GI) 
Chemical cleaners. 
Chemical toilet waste' 
Cleaning.solvents (F) 
Corrosion inhibitor (T.C.1) 
Data processing fluid ( F J )  
Drilling fluids', 
Drilling mud' 
Dyes: 
Etching acid liquid or solvent (C.1.F) 
Fly ash (T,C,I) 
Fuel waste (T,F) 
Insecticides (T) 
Laboratory waste' 
Lime and sulfur slud e (GI) 
Lime and water (C,If ' 

Lime sludge (GI) 
Lime wastewater (C.1) 
Liquid cement' 
Liquid cleaning compounds' 
Mine tailings' 
Obsolete explosives (P) 
Oil and water (T) 
Oil Ash (T.CI) 
Oil of bergamot (s) 
Paint (or varnish) remover or stripper (1.F) 
Paint thinner (T,I,F) 
Paint waste (or slops) (T,F) 
Pickling liquor (GI) 
Pigments' 
Plating waste (T,C.I) 
Powdered orris root and products containing 
Printing Ink' 
Retrograde explosives (P) 
Sludge acid (c.1) 
Soda ash (C.1) 
Solvents (1.F) 
Spent acid (C.1) 
Spent caustic (C.1) 
Spent (or waste) cyanide solutions (T.C.1) 
Spent mixed acid (C.1) . 
Spent plating solution (T.C.1) 
Spent sulfuric acid (GI) 
Stri ping sohition (T.1.F) 
~ u i i n a t i o n  oil (1.F) 

,Boi B er cleaning waste (T,GI) 

it (S) 

0 .. . >  
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Tank bottom sediment' 
Tank cleaning slud es. 
Tannin sludges (31,s) 
Toxic cfemical toilet wastes (T) 
Unrinsedrticide containers (TI 
Unwante or waste pesticides-an 

Waste chemicals' 
undiluted formulation (T) 

unusable I portion I of active ingredient or 

Waste epox ' 

Weed Killer (TI 
Waste (or sop) r oil (F) 

Article 10. Extremely Hazardous Wastes and Extremely Hazardous 
Materials 

66685. Lict of Extremely Hazardous Waster 
(a) A waste containing any of the materials cited in the List of Extremely 

Hazardous Wastes presented in this Article shall be considered an extremely 
hazardous waste and shall be handled and disposed of amra in  to require- 
ments of this Chapter. The potential hazardous property of eac material is 
identified as follows: (T) toxic, {C) corrosive, (I) irritant, (F) flammable, (S) 
stron sensitizer or (P) pressure generating. All letters in trademark names are 
capit &zed 

(b) A waste that meets the definition of extremely hazardous waste present- 
ed in Artide 1 of this Chapter shall be considered an extremely hazardous waste 
whether or not the waste is cited in this Article. Such a waste shall be handled 
and disposed of according to the requirements of this Chapter that pertain to 
hazardous wastes and extremely hazardqus wastes 

fi 

(c) List of extremely hazardous chemicals: 
Acetone cvanohvdrin (T) 
2-Acetylaminofl;oren& 5 A A F  (T) 
Acrolein. Aqualin (T.I,F) 
Acrvlonitrile (T.F) 
Adibnitrile (m 
Aldrin; 1.~3,4.10.lOHexachloro1,4,4~5.8.8a-hexahydr~l,4,5,~nd~ 

Aluminum h a  hide, PHOSTOXIN (T.F) 
4-AminodipRenyf 4-ADP (T) 
2-Aminopyridine (T) 
Ammonium arsenate (T) 
Ammonium bifluoride (T.C) 
Arsenic (T) 
Arsenic acid and salts (T) 
Arsenic compounds (T) 
Arsenic pentaselenide (T) 
Arsenic pentoxide, Arsenic oxide (T) 
Arsenic sulfide, Arsenic disulfide (T) 
Arsenic tribromide. Arsenic bromide (T) 
Arsenic trichloride, Arsenic chloride (T) 
Arsenic triiodide, Arsenic iodide (T) 
Arsenic trioxide, Arsenic oxide (T) 

exodimethanonaphthalene (T) 
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Arsenious acidsnd salts .(T) , 
Arsines (T) L 
AZODRIN, 3-Hydroxy-Nsd!!xotonamide (T) 
Barium cyanide (T) 
Benzidine and salts (T) 
Benzotrifluoride, Trifluoromethylbenzene (T.F) 
Beryllium (T.F) 
Bervllium chloride IT) 
B&$Iium compounbs'(T) 
Beryllium copper (T) 
Beryllium fluoride (T) 
Beryllium hydride (T.CF). 
Beryllium hydroxide (T) 
Beryllium oxide ( 
BIDRIN, Dicrotop os, 3 (Dimethyhino) -1-methyl3.oio-I-pro~nyl di- 7 : .. ~ . .  

methyl hosphate (T) 
bis(C&oromethyl) ether, Dichloromethyl ether, BCME (T) - -bis(Methylmercuric) sulfate, CEREWT, Ceiesan I! nid (T) 
BOMYL, Dimethyl3hydroxyglutaconate dimethyl p k p h a t e  (T) 
Boranes IT.F) 

Bromine (T,CF) 
Bromine oentafluoride (T.CF) 
Bromine irifluoride (T.CF). ' 

Brucine, Dimethoxystrychnine (T) 
Cacodylic acid, Dimethylarsinic acid (T) 
Cadmium cyanide (T) 
Calcium arsenate, PENSAL (T) 
Calcium arsenite (T) 
Carhanolate, BANOL, 2-Chloro45-dimethylphenyl methylurbamate (T) 
Carbo henothion, TRITHION, S+[4-(Chlorophenyl) thio] methylJ0,Odieth- 

yl hospiorodithioate (T) 
Ehlorfenvinphas, Compound 407% ZChloro-~-(%4dichlorophenyl) vinyl 

dieth I phosphate (T) 
ChLrine (T.CF) 
Chlorine dioxide (T,CF,P) 
Chlorine pentafluoride (T.CF,P) 
Chlorine trifluoride fT.C.F.P) 
Chloroacetaldehyde iT,F) ' ' 

al ha-Chloroacetophenone, Phenyl Chloromethyl ketone (T,I) 
Choroacet yl chloride (T,C) 
orthoChlorobenzylidene malonitrile, OCMB (T) 
Chloropicrin, Chlorpicrin, Trichloronitromethane (TJ) 
Copper acetoarsenite, Paris green (T) 

, Copper arsenate, Cupric arsenate (T) 
Copper arsenite, Cupric arsenite (T) 
Copper cyanide, Cupric c anide (T) 
Coroxon: ortho,orthoDiet~yl-ortho(3-chloro-~-methylcoumarin-7-yl) phos- 

Coumafuryl. FUMARIN, 3-[ l-(~-Furanyl)-3-oxohutyl]-4-hydroxy-2€~-l-benzo- 
phate (T) 

pyran-Z-one (T) 

TITLE 22 ENVIRONMENTAL HEALTH $88885 
1 R q i m r  n No. lS-€-I*l€4 (p 1800.11) 

Coumatetralyl BAYER 25634. RACUMIN-57, 4-Hydroxy-3-(1.2,3,4-tetrahy- 

Crimijine, C A h W  2-Chloro4dimethyl-amino6-methylpyrimidine (T) . 
Crotonaldehyde. 2-Butenal (T,I,F) 

dro-1-na hthalen I)-2K-l-benzoppn-Zme (T) 

Cvanide salts (T) 
Cyanogen (T.F) 
Cycloheximide, ACTlDlONE (TJ) 
DDVP. Dichlorvos, VAPONA, Dimethyl dichlorovinyl phosphate (T) 
Decaborane (T.F.P) 
Demeton. SYSTOX' (T) 
Demeton-Smethyl sulfone, METAISOSYSTOX-SULFON. S+Z-(EthyLdf* 

(T) 

Diethyl chlorovinyl phcs hate, Compound 1836 (T) 
O,O-DiettiyI-S-(iipropylfhiomethyl) hosphorodithioate (T) 
Digylcidyl ether, bis(%%Epox ropyfether (T.S 
Dimefox, HAWANE, PEXTOZd, Tetramethylp osphorcdpmidic fluoride 1, 

- .  (T) - _. . . . 
Dimethylaminoazobenzene, hieth I ellow (T) - 
1.1-DimethvIh~dra~ene. UDMH ($,A 

. 

Dimethyl klfite, Methyl sulfate (T) 
Dimethyl sulfide, Methyl sulfide (T,F) 
Dinitrobenzene (ortho,meta,para) (TAP) 
2FtDinitr~rthocresoL DNE'C SINOX EGETOL 30 (T) _. .~ ~ . . ~  ~ ~ . .  ' Dinitro henol (2$;2,4-;Z6iMmers) (T& .. 
DINOSh; Z4-DinitroGseobutylphenol (T) 
Dionathion. DELNAV; S,S1,4-Dioxane-%3diyl bis(0,Odiethyl phosphorodi. 

thioate) (T) 
Diphenyl, Biphenyl. Phenylbenzene (T) 
Diphenylamine chloroarsine, Phenarazine chloride (TJ) 
Disulfoton, DI-SYSTON; O.O-Diethyl-S-€Z-(ethylthio)ethylJ phosphorodithi- 

oate (T) 
DOWCO-139. ZEGTRAN. Mencarbate. 4-(Dimethylamino)~,5-dimethyl- 

1.4.4,4a,5,6,?,8,Ea-3cta- 

ate (T) 
Ethyldichloroarsine, Dichloroethylarsine (TJ) 



I 

’ !  , .  

Ethyleneimine. Aziridine, E1 (T,F) 
Fensulfothion BAYER 75141, DASANIT. .O.O-Diethyl-O- [4-(methyLsulfi- 

Ferric arsenate (TJ) 
Ferrous arsenate, Iron arsenate (T) 
Fluoboric acid. Fluoroboric acid (T,C) 
Fluorine (T,CF) 
Fluoroacetanilide. AFL 1082 (T) 
Fluoroacetic acid and salts, Compound 1080 (T) 
Fluorosulfanic acid Fluasulfonic acid /T,C) 
FURADAN, MA 10,242, Carbofuran, 23-Dihydr~~2-dimethyl-7-ben- 

zofuranylme~hylarb~ate (T) 
GB, O-Lsopro$yl methyl phosphoryl fluoride (TJ 
Hydrazine, Diamine (TAF) 
Hydroc snic acid, Hydrogen c anide (T,R 
Hydrodoric acid. H dro en  &ride (TG) 
Kydrqgen selenide (b,lff 
Hydrogen sulfide [T,LF) 
meta-lsopropyl hen 1 N methylcarbarnate. Ac 5,727 (T) ‘ 

Lead arsenite (9 

nyl) phenyl1 phmphorothioate (T) 

Lead arcenate, LJ- a orthoarsenate - (T) 

Lead cyanide (T) 
Lewisite, betaGhlorovinyldichloroarsine (T) 
London purple, Mixture of arsenic trioxide. aniline, lime, and ferrous oxide 

Magnesium arsenate (TI 
Ma esium arsenite (T) 
Ma& anhydride (T,li 
Man anese arsenate, Man anous arsenate (9 
ME8ARBAlrI: O,O-~ieL;iethyl-S.(N-ethyoxycarbonyl-N-methylearbamayl 

Medinoterb acetate. 2-tertJ3ut 15-methyl-46-dinitrophenyl acetate (T)  

Mercuric cyanide, Mercury cyanide (T.1) 

Methomy Mercury Y) LANNA= S-Methyl-N-( (methy1 carbamoy1)oxy) thio-acetsmi- 

Methox 
Methyl gomide, Bromomethane (TJ) 
Methyl chhramethyl ether, CMME (T) 
Meth ldichloroarsine (T.1) ’ 
d,4’dethylene bis(2-chloroaniline). MOCA (T) 
Methyl hydrazine, Monomethyl hydrazine, MM (T,F) 

IT) 

methyl) phosphorodithimte (T) 
Mercuric chloride, Mercury ch f oride (T.1) 

date (T) 
thylmercuric chloride, AGAUOI, ARETAN (T) 

“~~“‘,‘l;“.^””””’ -,. 
Mevinp os PHOSDR 

phate (TI 
MOCAP, 0-Ethyl4,Sdipropyl hosphorodithioate IT) 
alpha-Naphthylamine, I-NA (’8 

A .  

n 

n 
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h, c- ' SUPRACIDE, ULTRACIDE, ~ ~ 5 - M ~ t h o x y - 2 ~ x ~ I . 3 , 4 - t h i a d i a z o l ~ ( Z H ) -  
i . '  y1)rnethyll-0,Odimeth I phos hor ithroate (T) 

Telllirium ttexanuoriie (T.c~ 
TELODRIN. Isobenzan; 1,3,4.5,6,7,8.8-OctachIoro-1,3,3~~,~,7~~he~hydr~ 

TEMIK, Afdicarb, 2-Methyl-% (meth ylthio) propionaldehyde-0- (methylcar- 

2.3,7.8Tetrachl0rodibenzo-para-dioxi~ TCDD, Dioxin (T) 
Tetraethyl dithionopyrophos hate, TEDP (T) 
Tetraethyl lead TEL, and o b r  organic lead (T,F) 
Tetraethyl yrophosphate, TEPP (T) 

Tetramethyl succinonitri e (T) 
Tet ranitromethane (XF, P) 
Telrasul ANIMERT V-101. S-para-Chlorophenyl-~~5-tichlorophenyl sul- 

$66763 ENVIRONMENTAL HEALTH 
(p. 1800.14) 

1.7-nietliaiioisobenzofuran (T) 

bamoy1)oxime (T) 

I I Tetramethy P lead TML T.F) 

fide IT1 

ompounds (T). _ _  _. dfate. Thallium sulfate. G T O X  [T) 

T h & m  ( 
- -Thallium c 

Thallous si 
Thionazin, ZINOPHOS; 0,O-Tetramethylthiuram monosulfide (T) 
ToIuene-%4diisocyanate, TDI (T,LS.P) 
TRANID, exa 

obi\ nrimn IT1 

17 

SChIoroendoG-cyano-Z-norborn~one-O-( methylcarbam- 

tris(hAziridiny1) phosphine oxide. Triethylenephosphosphoramide. TEPA 
,., -n .... I , ., 
r.n 

~ -.-, 
Vinyl chloride (T,I,F) 
WEE'SYN 155.W 155, Triamiphos para-(5-Amino3phenyl-lH-I,~4.triazol- 

Zinc arsenate (T) 
I-yl) -N,N.~,~,-tetramethyl phosphonic diamide(T) 

Zinc arsenite (Ti 
Zinc c anide (Tj 
Zinc piosphide (T.F) 

Article 12 Recyclable Hazardous Wastes 
66783. Recyclable Hazardous Waste Disposal Statement 

(a) Within 180days of the disposal of a recyclable hazardous waste of a type 
listed in Section 66796, the Department may request the producer of such waste . 
to provide the Department with a written statement jurtifying having not 
recycled the waste. A rson requested to provide such a statement shall corn- 

of an entity specified in Section 66160 other than an individual, 8 e  statement 
shall be issued by the responsible management of that entity. 

(b) The Department's request for a statement from the waste producer 
pursuant to subsection (a) above shall cite a special property or component of 
the waste and a possible use or method of reclamation on the basis of which the 
Department considers that the waste mi ht feasibly be recycled 

(c) The statement from the waste pr3ucer justiyf, having not recycled 
a hazardous waste ursuant to subsection (a) above s al mclude, but need not 
be limited to. the blowine: 

ply within 30 days oft r e Department's written request. If the re uest is made 

. 

(I1 The general descri9ion. source, chemical composition. physical state, 
and amount of the waste. 
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(2) The amount of simila;waste discarded or recycled during the 365day 
period preceding the disposal in question. 

(3) An estimate of the amount of similar waste to be generated by the 
producer in the %day riod succeedin the dis al in question. 
(4) A summary of e f g t s  made to fin i p "  a use or the waste such as the 

following: 
(A) Use without processing. 
(B) Use after processing to remove or modify undesired impurities 
(C) Use as a source of energy b the producer or by another person. 

ing into acmunt relevant factors which may include any of t  e following: 
(A) The available amount and the storability of the waste. I 

(B) Chemical phrjical toxicologicalor other propelties of the waste which 
mi ht affect its recyclability. 

&) The concentration or recoverability of the chemical component. chemi- 
cal reactivity, fuel.value or other attribute cited by the Department pursuant 
to subsection (b) above which may determine the feajibility of recyclingthe 

(p lrn.15) 

n 

f3 

(5 )  Technologic, economic or ot i er reason for not recycli the waste, tak- 

1 r -  
waste. 

and the availability and 

as such or as its reclaimed components 
source to the point of use or reclamation, 

... - - - - . - 

the ca ts  of handling and transport, and the current market prices for the 
individual waste components as pure or technical grade materials 

(d) The statement shall indicate what information contained therein is con- 
sidered to be a trade secret. The De rtment shall keep confidential trade 
secrets contained in any statement su ga mitted to the Department pursuant to 

a 

this section. 
NOTE: Auihorityeiled: Section 25175, Health nndSfety Codc Reference: Section 25175. 
Health and Safety codc 
HISTORY: 

ifler (Regirter 79. No. 19). 
1. New Article I2 (Sections66763 and66796) filed516-79,effective thirtieth dry &re- 

66798. List of Recyclable Hazydous Waste Types 
(a) Wastes of the types cited on the list of Recyclable Hazardous Wastes in 

subsection (b) are waste ty s which thebpartment findstobebntheconomi- 

tial rec cling methods or uses); 

call and technolo ically p". easible to recycle. (i) List of Recyc '1' able Hazardous Waste Types (including examplesof paten- 

For resale or resource recovery; sell or %a rter to another consumer). 

solvent reclaimer, by purification processes of rectification, ion exc &I ange. ad- 

(1) Ammercial chemical products including unused laboratory grade 
roducts (return to manufacturer or su plier or turn over to chemical salvager 

(2) Solvents. used or contaminated (reclaim in-plant or throu h custom 

sorption or extraction; or if combustible, use in-plant or sell for use as energy 
resource for heatin 

(A) Halo enatef solvents such as trichloroethane. perchloroethylene. 
methylene %chloride, chloroform, carbon tetrachloride. Freons'? 

(B) Oxygenated solvents. such as acetone, methyl ethyl ketone, methanol 
ethanol butanol ethyl acetate: 
(C) Hydrocarbon solvents, such as hexanes, Stoddard, benzene, toluene, 

xylenes, paint thinner. 

cooling, or power generation), including: 
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(d) A waste t h a t  meets t h e  d e f i n i t i o n  extremely hazardous 

presented i n  Sect ion 25115 of t h e  Health and Safe ty  Code 5 s a t i s f i e s  9 

of t h e  c r i t e r i a  of extremely hazardous waste presented i n  A r t i c l e  11 

t h i s  ChaDter s h a l l  be considered extremele hazardous waste whether or 

e t h e  waste is c i t e d  i n  t h i s  A r t i c l e .  such a waste s h a l l  be handled and 

disposed 9 according E the provis ions of t h i s  Chapter. 

- 

. .  - l e )  L i s t  of Chemical Namk: 

. .  . . _ I  , . .  .. ,. 
[This l i s t  is condensed t o  show ;bank& A) 

. L  . .  
'% , 
, 

2 .  Acetic acid ( T , C 3 a  _' '  

3. ketone ,  Piopanone 1T;F) .. _ ' - -  . 

6. ~:2 -Acety la~ inof luorene ,  Z - A d E  <TI 

7. 

8. Z A ~ e t y l  chl&ide (T,C,Fj& ' 

9.  A c e t y l  .pdraxide. (T,F,P< 3 

1, .. 3, '.. 

Acetyl benzoyl peroxide (T,F,P) 3 
. .  

10. Acridine UTE) 

11. +Acrolein, Aqualin (T,f;F) 

15. :Alkyl aluminin chlo i ide  (C,F,Pj.R). 

16. A l k y l  a l m i n m  compbunds (C.F.P) 3 
18. Ally l  bromide, 3-Bromopropene 1T.f;F) 

19. Allyl  ch lor ide ,  3-Chloropropene (T;f;F) 

20. Allyl  chlorocarbonare, A l l y l  Erhlorofarmate (T,f;F) - 

21. ZAllyl+richlorosi lane (T;C,F3& 

c 23A. Aluminum chlor ide (T,C) 

23B. :+Aluminm chlor ide (anhydroub) (T,C,R) 

DRAFT - FOR DISCUSSION ONLY ' 
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A r t i c l e  9. Hazardous Wastes and Hazardous H a t e r i a l s  , 
. .  

66680. L i s t s  of Chemical Names and Camon Names. 

(a)  A a as omvided in Sect ion 66305 or 66310, 5 ;asre t h a t  

cons is t s  of or contains a m a t e r i a l  c i t e d  i n  the L i s t  of Chemical .Vanes or 

t h e  L i s t  of Conanon Names presented i n  t h i s  A r t i c l e  s h a l l  bi considered 8. 

hazardous waste and s h a l l  be handled and disposed,, of according t o  the  

r c q s l i c s c n t t  provis ions set f o r t h  in this Chapter;,, anfeis it i, shorn 

t o  t h e  a a t l s f a e t i a n  sf t h e  B e p r n n e n t  t h a t  t h e  x a 3 t e  dsc. nsc meet  t h e  

d c f h i t i o n  sf,harardau. w a s t e  pre5cntcd inA:e;cte 1 of t h i .  f h s p t e r r  

. .  

, .  

. .  
. -. 
1 .. 

(b) The p o t e n t i a l  hazardouqpkoperty o f  a material  c i t e d  i n  :he L i s t  

of Chemical Nanes or t h e  €ist of C p k o n  h'arnes is -indicated in the  l i s t  as  

follows: (T) toxic ,  (C) corros ive ,  fI3 izrirsnt; (F) f3anmshh; i r n i t a b l e ,  

6 3  . t r &  &sicircr ' snd fP3 pirssarc scncrsting (B) react ive.  .k a s t e r i s k  

(") i n  Subsection Cd3 (e) denoter:an extremely hazardous wasteL 

ArticIc +0 ef t h i s  fhaprcri; A l l  l e t t e r s  i n  trademark names ar6 ca~:lalize:?. 

'< . .. . 

, 

is.. 
I -  

- 

(C)  A YasLe t h a t  n e e t s  t h e  d e f i n i t i o n  of hazardous s a s t e  prz3enred i n  

Section 25117 the Health and Safety Code Artic le  + o f  t h i z  shaptrr 

or s a t i s f i e s  any of t h e  c r i t e r i a  of hazardous waste presented in A r t i c l e  1 1 ,  

of t h i s  a s h a l l  be considered B hazardous waste whether oi not t h e  

waste is c i t e d  i n  t h i s  Ar t ic le .  Such a y a s t e  s h a l l  be hindled an? disposed 

- . -_  

1 
I 

1 \ 
_ -  

of according t o  t h e  rcqaircmcnta provis ions of t h i s  Chapter. , z  
' . E  . .+  

I 
I "  

~. 
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93. 

94. Barium p e r c h l o r a t e  (T,F,P3 Q 

95. Barium perplanganate (T,€,P3 Q 

96. Barium peroxide (T,F,P) Q 

Fri? oxide, Barium monoxide (Ti€) 

. .. 

102. :Benzene hexachlor ide,  BHC; 1,2,3,4,5,6-Henachlorocyclohexane (7;s) 

io3, ~Be&eiipLo<$ior&i d i c h l o r i d e  (T,U 9- 
104. Benzenesulfonic a c i d  (T;f) 

. .  

-.IO?; :Benzoyl c h l o r i d e  (T,Cj&. - - /. . '. . . - . .. - .- 
. ,. 

108. Benzoyl peroxide,  Dibenzoyl peroxide (T;F,P3 9 . 
110. Benzyl ch lor ide ,  alphs-Chlorotolueb$ 'iT;f) 

111, ZBenrpl chlorocarbanate ,  Benzyl.&r$formate (T,C3& 

117. "Beryllium hydride (T,C,F3& ' .  

124. jlismurh chrammate (T;S) '. , ' . 

126. %ranes (T,F3& 

128. :Boron t r ich lor ide ,  Trichloroborane (T,C3& 

129. ZBorbn t r i f l u o r i d e  (T,C3& ' 
130. Bromic acid (TjEl 

132. +%fornine pencafluoride ( T , C ; F ) A  

133. *Bromine t r i r l u o r i d e  (T,C,F3& 

135. 1,2,4-Butanetr ia l  t r i n i t r a t e  tP3 

136. 

137. 

138. 

139. 

. .. 
1 .  

.. ' 

. .  '. 1 ~. 
. .  
, I. . .  . 

c S I  

"-Butyl a c e t a t e ,  I-Acetoxyhutsne (and isomers) (T,€iF) 

"-Butyl a lcohol ,  I-Butanol (and isomers) [T,€;F) 

"-Butyl amine, I-Aminoburane (and isamerr) (T,€;F) 

"-Butyl formate (and isomers) (T,I;F). 

. -  

$ 
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c 
25. Aluminrsl n i t r a t e  f€) Q& 

26. *Al-inmm phosphide, PHOSTOXIN (T,F+& 

31. Ammohim chromate (T,5iF) 

32. 

36. h o o i m  n i t r a t e  (F,P3 Q . 
37. Ammoaim perchlora te  (€;F,P3 Q 

38. hrrmoniunr permanganate (T,F,P3 Q 

39. Amonitm p e r s u l f a t e  (F,Pj Q 

I 

I Ammonium dichromate, Amonium bichromate (T,C,S;F) 

. .  
* .I ... __. . . - ._ .. . - . ... , 

40. Aamoniw p i c r a t e  (T,SiP$ fi 3 .  ' 
' ,  

41. Ammonim s u l f i d e  (T,C3- ..*'.' 

43. 

4 5  

. .  :. I 

n-mylamine, 1-Aminopentane (and isomers3 (T,f;F) 

nrrLngi mercaptani %-Pcntancthid% 6 ? d  iaomeca3 fTiF3 
I .  

45. n-Amvim, i-eentene (A is&.) (T.F) ... 
. . ... .. - 

kb? 

46. 

47. 

48. ?my1 r r i t h l o r o s i l a n e  (and isomers) (T,C3.& 

49. ~ n i l i n e ,  .hinobenzene (Ti51 

51. Aothrac-e [Tis) 

54. Zmtinar: pentachlor ide (T,C3& 

55.  +Antimony pentaf luor ide  (T,C3& 

62. 

69. *Arsenic t r ib romide ,  Arsenic bromide (T;f) 

70. *Arsenic t r i c h l o r i d e ,  Arsenic chlor ide (T;%) 

78. Barium arrde (T,P3 9 
81. Barium & l o r a t e  (T,C,F,P3 Q 

n-A.myb=ri 3:Pent-e fand isornerd '+F3 

a mercaotan, I - P e n t a n e t h h  (and isomers) 

n-Amyl lirraite, 'n-Penlyl n i t r i t e  (and isomers) (T,F) 

. . .  . 

. .  - 

.- 

AnLinoE-; t r i s u l f i d e ,  Antimony s u l f i d e  (T,F,P3 

€ 
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187. *Chlorine t r i f l u o r i d e  (T,C,F,P3 3 
188. *Chloroacetaldehyde (T,F3Q 

189. "alphn-Chlbroacetopheoone, Phenyl chloromethyl ketone fT;I) 

190. i ch lo roace ty l  ch lor ide  (T,C3& 

192. Ppra-Chlorobenzoyl peroxide (F,P3 3 
195. *Chloropicrin, Chlorpicrin,  Trichloronitro.ethane (TsI) 

196. Chlorosulfonic ac id  (T,C,Fj,.Q .. ,. 
I' 

197. Chlom-ortho-toluidine,  Z-~ino-4-cblor~t?l~~n~'(T;~) 

198. 

199. Chromic ch lor ide ,  Chromium trich1ar;lde (T;€;S) '-. .L 

Chromic ac id ,  Chromium t r iox ide ,  Chrpmic &hydride (T,C,Fi5) 
i ,' 

i < 
_I 

. .  
..L . . 200. Chromic f luoxide ,  Chromium t r i f l ! + e  (T;S;5) 

201. 

202. Chromic oxide, Chromium ;aide (Ti+) , '' 

203. 

204. 

205. :Chronyl ch lor ide ,  Chlorochroinic anhydride (T,C,F,53 3 
213. cocculus, Fishberry, Picrotoxin (TI 

E 3 4 :  

216. Cqper  acery l ide  (T,P3 RJ 
228; fepper rhToroicrraroic fT;P+ 

223. 

Chromic hydroxide, Chr ,wim pydrogide (T;I;6) 
I ,. . 

.. . .  , 
Chromic su l fp t e ,  Chromium s u l f a t e  C T ; % S )  

Chromium f T Y j  compounds; kcxspalent chramim cempeands (T,C,F;5) 
. .I - .  

t .  

feUadieni Pgrsxgfin fnitrsccllslose) in c ihcr  and slcshei 1F3 

Copper n i t r a t e ,  Cupric n i t r a t e  (T,F.P3 9 
, 229. %rotonaldehyde, 2-Bucenal U,T;F) 

230. C m n e ,  Isopropyl benzene ( T i n  . 

232. Cupriethylene diamine (T;f) 

234. 

235. "Cyanogen (T, F3& 

236. 

Cyanoacetic ac id ,  Halonir n i t r i l e  (T: E) 

Cyanogen bromide, Bromine cyanide (T;I) 
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c 
110. 

141. :n-Butyllitbium (and isomers) (T,C,F3& 

143. 

144. 

145. te r t -Buty l  peroxypivalate (F,P3 RJ 
146. i i n -BYty l t r i ch lo~05 i l ane  (C,F3& 

150. *Cadmium (powder) (T, F) 

152. ?Cadmium cmpoundr (TI 

t e r t -Bnty l  hydroperoxide; (and isomers) (T,F) 

tert-Butyl peroayaeetate,  t e r t -Buty l  pe race ta t e  (F3,R.J 

tert-Butyl peroxybenaoate, t e r t -Buty l  perbenzoate (F3& 

,' ., 
155. CadJim n i t r a t e  (T,F,P3 3 ,>.. ,. 

162. :Calcium carbide (C,F3& . .  

. .  
159. ,:Calcium (F3,R.J 

163. Calcium chlora te  (F3& . 

165. Calcium f luor ide  (T;f)' . 
166. 2Calcivm hydride (C,F3& 

168. :Calcium hypochlorite,  Calcium bxychloride 

170. 

171. Calcium oxide,  Lime; Staked fimc (Cj 

172. Calcium perinanganate (T,I:F) 

174. Ca lc im phosphide (T,F3& 

181. Chloral hydrate,  Tr i~hloroace ta ldehyCe (hydrared) (T) 

182. :Chlordan; 1,2,4,5.6,7,8,8-0ctachlor*-4.7-methoano-3a,4,7,7a- 

184. '>Chlorine ( T , C , F j X  

185. *Chlorine dioxide (T,C,F,P) Q 

186. "Chlorine penrafluoride (T,C,F,P3 Q 

( .~ 
. .  . .  

(T,C,F3& 

Calcium n i t r a t e ,  Lime n i t r a i c ,  N i t r o c a l c i t e  (F,PJ 2 

tetrahqdraindane IT)  

€ 



. .  

O R A F T  - FOR DlSCUSSlON'6NLY 
Date .I.:. 1 I ,:2 

66680 - 8 

273. Diethylene triaaine (Tii;S) 

275: *D:ethylrinc, Zinc ethyl (C,F3& 

276. ZDifluorophasphoric acid (T,C3& 

277; "Diglycidyl ether, bis (2,3-Epaxypropyl) ether (T;S) 

279. Diisopropyl permydicarbanatei fTjE;F;P) Isopropyl percarbonate 

,/. 
' C  

281. Dimethylasine, D?lA (T;€;F) 

283. ~Dinimethyldichlorosil.nr, Ilichlorodikthylsilane .(T,C,Ej& 

284. 2,5-Dimethy1hexane;-Zi5-Dihydroperoxide (€kFY ., 

285. ~~l,l-Dimeihylhydrazine, UDE (?,F?A .- 

2 8 6 .  >%methyl sulfate, Methyl sulfate (fi& 
287. WIimethyl sulfide, Methyl sulfide".(TiP3& 

288. Zi4-Dinitroani1ine (T;€). ... 
289. "Dinitrobenzene [ortho, ~netr, '$araj  { T , I i P j i Q  

290. Dinitrochlarob-ene, I-Chlor~-2,4-dinitrobenrene (T,€iP3 RJ 
291. *2 4.6-Dinitro-ortho-creso1, DNPC, SINOX, EGETOL 30 (TI 

292. "Dinitrophenol (2,j-;2,4-:216-isoners) (TjP3 RJ 

293. 2,4-Dinitrophenylhydrazine (T,F,P3 RJ 

294. Dinitrotoluene (Zi4-:3,4-;3i5-isomers) (T,F,P3 RJ 
296. 1,4-Dioaane: 1,4-Diethylene dioxide (T,Fj& 

298. Dipentacrythrital hexanitrate fP3 

301. *Diphenylamine chlaroarsine. Phenarsaoine chloride (Ti%) 

302. lOiphenyldichlororilane (T,C+& 

303. 

306. *Dodecyltrichlorosilane (T,C+& 

.- -. . . - - 
. .  , .  . - . . . -- - 

I. 
. .. 

. .. .. 
. . .  

, \ *  , .  . 

. ,  - 

Dipicrylaminei Hexanitrodiphenyl amine CT,P3 RJ 
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c 
237. Cyanuric triaaide (T,Pj RJ 
240. Cyclohexanone peroxide (T;F) 

241. *CYCycl.hexenyltrichlorosilane (T,C) 

242. "Cycloheximide, ACTIDIONE (T;%) 

243. *Cyclohexyltrichlorosilane (T,Cj& 

249. "Decaborane [T,F,Pj 9 
250. DECALTS, Decahydronaphthalene (T;$) 

b' 

m. *D-ton-sae&yi sulfone, MEUUSOSXSTOX-S~ON;S- 12- (eihylsulfonyl) 
ethyl] 0,O-dimethyl phorphorothinoate (T) :. ., 
Diazadinirraphenol, DDNP, Z-Diaro-4.6-di"itrob~~~~"~-l-oxide (T,P3 Q 

.* ., 
253. 

\ ,  254: Wihoiane; Dibomn hexihydride- (T,€iF+& ' - -- .- - _. . _. 
\. 

255. 3 3  ~-Dibra.o-)3-chloropropane';.gBCP, NEOIZOSE, NEMAGON (T;€) 

257. 

259. 

260. Dichloraerhyi ether, Dich'lo&ther'(T,€) 9 
261. 

262. Dichloronerhane. Methyle& chloride (T;€) 

263. zZ2,4-Dicalaraphenoryacetic acid; 2,4-D (Ti$) 

265. 1,3-Dic.iloropropylene; 1,3-Dichloropropene (T,%:F) 

266. Dicumy? peroxide (F3A 

267. ?Dieldrin; 1 , 2 , 3 , 4 , 1 0 , 1 0 - H e x a ~ h l o r o - 6 , 7 - e p o r y - 1 , 4 , 4 ~ , 5 , 6 , 7 , 8 , 8 ~ -  

268. zDiethy1alhinua chloride, Alwninun diethyl aonochloridc, DEAC (Fj& 

269. Diethylamine (T,€;F) 

271. ~Di~thylsichlarasilanc (T,C,F3& 

272. 

' .  c Dichlorobenzene (ortho? vta, para) ' < T ; € )  

I ,2-Di:ilor~erhylene; 1 ,Z-Dichloroechene (T,*;F) 
~ . I .  

-. 

Dich1oroiso;yanuric acid, Dichloro-S-ttiaaine-2, 4, 6-trione ( T , F j a  
, .  

Octah?Cro-1,4-endo, exa-5.8-dimerhan~naphrhslene [T) 

Diethylene glycol dinitrate (T,P3 9 
F 
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338. Ethyl propionate- (I;F) 

339. ~Ethyltrichlorosilane (T,€;F3& 

341. ':Ferric arsenate (T;Z) 

342. Ferric chloride; Iron ( 3 3 3 m )  chloride (T,C) . 

346. *Fluorine (T,C,€3& 

349. "Fluorosulfonic.acid, fluosvlfonic acid (T,Cj& 

~. . .  

?~. 350. Formaldehyde, Hethandl (T,F;S) i :. 

,', .,l. .. . 
. I .  

352. 

354. Furan, Furfuran (T,F,Pj 

. .' ./ . .. 357. Glutaraldehyde (?;I+) 

358. Glycerolmonolactate trinitrate YR) " . 
359. 

360. Gold fulminate. Gold cyanate fP3 ''. 
361. 

362. 

363. ~GGUTHIOX, O,O-Dimerhyl-S~4-oxo-1. 2, 3-benzotriazin-3 (4H) -ylmethyl 

364. .Hafnium.(Fj& 

365. *Heptachlor; 1.4, 5,6.7,8,8-Hepta~hloro-3a,4,7,7a-tetrahyd~~-~,7- 

368. "Hexadecyltrichlor~silsne (T,CI& 

371. Hexamethylene diamine; 1.6-Diaminohexane (T;f) 

373. I-Hexene (and isomers) (T,hF) 

374. n-Hexylamine, I-Aminohexam (add isomers) (T,);F) 

375. ?HHexyltri~hl~rosil~ne (T,C3& 

376. "Hydrazine, Diamine (T,€;F) 

Fulniinate of mercury, Mercuric cyanate (T!.P)'.R)'-, ..- _ _  
.. . ,,.',,.' . .  

.- .. 
. .' 

Glycol dinitrate, Ethyletidlycol hi,nitrpte tPj 
: i .  --.. \ .. 

. . , . 
Guanidine nitrate (F,P3 Q , . 

Guanyl nitrosa.inoguanylidene hydrazine fP3 (kl 

phosphorodithiqote (T) 

A .,. 
. I 

. .  

merhanoindene (TI 

. 
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307. *DOWCO-139, ZECTRAN, Hexacarbate, 4-(D;methylamino)-3+ 5-dime- 
thylphenyl methylcarharnm_ate (T) 

308: *Berieide 7; Pcatachfersphcnof; PEP f'fj 

314. Epichlorohydrin, Chloropropylene oxide (T,fiF) 

315. *EPN; 0-Ethyl 0-para-nitrophenyl pheny~hosphqnothioate (T) 

311. Ethyl acetate (T,f;F) 

319. Ethylanine, Aminocthane (T,€;F) 

320. Ethylbenzene, Phenylethene (T,I-F) 
321. Ethyl butyrate, Ethyl butanoate (Z;F) ' 

322: Ethyl chlbride, Chloroethane (T,f;F) . 
323. ?Ethyl chl6rofomare, Ethyl chlorocaibonate (T,C,Fj& 

324. "Ethyldichlor~arsine, Dichloroethylarsioe (T;€j& 

.. . 

. .  

,. 

325. "Ethyldichlorosilane (T,C,Fj& '.. -.. 

326. :Ethylene cyanohydrin, bbta-Hydroxypropionitrile (T?& 

327. Ethylene diamine (T;l:S) '.. ': 
328. Ethylene dibromide;; 1.2-Dibroroethane ( T i I )  

329. Ethylene dichloride;; 1,2+ichlaroethane (T,I;F) 

330. "Ethyleneimine, Ariridine. El (T,Fj& 

331. 

332. 

333. ELhyl fefmate (T,Z;F) 

334. Ethyl &captan, Ethanerhiol < , T , F 3 3  

~ 

. .  

Ethylene oxide, Epoxyethane (T,I;F,P? 3 
Ethyl ether, Diethyl ether [F,P3 Q 

. .- 335. Ethyl.nitrate (F,P? Q - 
'336. Ethyl nitrite (F,Pj Q 

337. :Ethylphenyldichlororilane (T,C3& 

€ 



i . .  

c 
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414. lead 2,4-dinitrorerorcinate (T,P3 RJ 
415. Lead mooositroresorcinate (T,P) 9 
418. 

420. ?Lithium (C,F3& 

421. ?Lithium almini~ hydride, w1 (C,F,P3 RJ 
422. :Lithim amide (C,F,P3-Q 

Lend styphn?tc, Lead trinitroresorcinate (T,P) 3 

, ,  423. ?Lithium ferrosilicon (F3& . .  

" ., '. 
425. ?Lithium hypochlorite (T,C,F3& . ; . . V" I 

-- <, 
420. ZLilliiun'LGdridC ?C,F,P3 RJ 

- . .  ... 
, ,/ 

426. lithium peroxide (C,F,P) - :,/,':.. .- - - 'L . - . . - - - - 
427. Lithium silicon (F,P3 Q 

428. "London purple, tlixture.o? srsenic 

,. ... 

\'.. ..,.* 

ferEus oxide (TI ' '.; . .'.. 't, .%, 

429. :Magnesium (F3 & s.; <*. .-\:\.. .,' 
432. Magnerivm clilorat,e'I€;F3 i R Y  , ;' ' ..-..\ ,> 

ioxidc, aniline, lime, and 

. .  i .  ' ti 
433. nagnesiw nitme IF,P+ RJ . . . .. 1 

434. .Magnesium perchlorate (T,F,P+ RJ 
436. "Haleic anhydride (T;€) 

400. 

441. 

463. 

444. Hannitol hexanitrare, Nitromannite fP3 

:langanese brwide, Manganous bromide (TsS) 

Sanganeae chloride, Manganous chloride (T;€) 

nanaganese nitrate, Manganous nitrate (T,F) 

548: Ilercaric .eeLBtC; Hcresry sceta tc  f t i f 3  

448. para-nenthane hydroperoxide, Paramenthane hydroperoxide fl - 
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c 
377. Hydrazine azide (T,P3 RJ 
378. 

379. *Hydriodic acid, Hydrogen iodide (T,C3& 

380. ZHydrobronic acid, Hydrogen bromide (T,C3& 

38% Zllgdrschbrie acid; Hydrsgcn chfsride; H w i a t i e  acid fPrE3;R3 

382. *Hydrocyanic acid, Hydrogen cyanide (T,F3JQ 

383. %ydrofluoric acid, Hydrogen fluoride (T,C3& . / '  :\ 

Hydrazoic acid. Hydrogen azide (T,f;Pj RJ 

. .. 
,* 

385. Hydmgen peroxide (T,C,F,P)& 

386. "Hydrogen selenide (T,€?F) 
/",\ '- 

r . J . ' .. ?, . 
I .  - ~- .. _ _  387. - *Hydrogen . . . .. sulfide . .. (T,€;F) ._. ,' ,.: 

391. Iodine manochloride (T,,Cj& 1 >  

. . . .  / 
388, ~HypochIorite compounds (T,C,F3& ", ,.I' -. 

-., ,' 

< \ .  . *. . 
393, 

394. Isapentane, ?-Methylbutane '(Tg) ;.., 

395, Isoprene, 2-n.thy~-l,3-h"tadien. (T,€;F,P3 RJ 
398,  Isopropyl acetylene, 3-hetbylbutync (T;F) 

399. Isopropylanioe, I-hinopropme (T,€;F) 

401. 

402. Isopropyl mercaptan, 2-Propanethid (T,€iF) 

403, 

Isooctene (mixture of irorners) l.T;F) ',.., ''> 
,> \ - .  ... 

.. . 
' i '  

Isopropyl ether, Diisopropyl ether (€;Z;F)& 

isspropyi prrsrbsnatei BLLsaprspyk pcrsxydicsrbbsnatc tf;F3 

405. 

410. Lead azide (T.P3 RJ 

412. Lead chlorite (T,P3 SQ 

Lauroyl peroxide, Di-n-dodecyl peroxide (T,C,F,P) RJ 

€ 

"AS3075 1,1181 1 
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c 600. "Phosphprur - t r ibromide [T,C,P3 2 
601. *Phosphorps t r i c h l o r i d e  (T,C:Pj RJ 
602 .  Picramid?, T r i n i t r o a n i l i n e  (T,P3 RJ 

603. 

604.  

606.  *Polychlorinated biphenyls ,  PCB, Askarel, ARKLOR, CHLOREXTOL. 

P i c r i c  acid,  Trini t rophenol  ( T , P j  RJ 
P i c r y l  ch lor ide ,  Z-Chlaro-1,3,5-trinitrabenreoe (T,P> 3 

INERTEEN, PyRANOL ( T i t )  
.. > , .  _. , 607.  Polyvinyl n i t r a t e  (F,P3 Q 

609. EPotsssiun (C,F,P3 3 /. ,;: ', -, ,: ~ 3. 
. .  

.. ', 
. .  

1 . .  

,' ' 
610. *PotaSrim.arsenate  (T;i) ,... -1 

611.  &Potassium arreoife  (Tsi) ,. , ,*,. ,..' 
li (\, _, .' 

;'\. . ... 
~..'.,:-.. '. , ,  
.,, 5 . ;  , . 

613,  

614. Porqssity bromate. (T,$-F) , 

616.  

617. P a t a s s i w  dichromate, Pot?sriwnbichromate (T,C;SP) 

P o t a s r i m  binoxalate ,  Pota;sium >=id &ala te  (T;3) . .. 

Potassium di~hlorbisoc&nura&' (T,Z;F) '- .' < . : 
I 
L !  ! 

&*ar ~ ~ e ~ ~ i ~  dipitrohcnrfearsxsn f ~ ; p 3  . 
619. P a t a s s i w  f l u o i i d c  (T;I)' 

620. 5PotaFsium hydride (C.F,Pj Q 

622. 

623. Potassimq n i t r i t e  (F,Pj 2 
624.  P d t a s s i m  oxalatp (Tis)  

625.  Potassium perchlerate (T,TiF,P3 RJ 
6 2 7 ,  Potassium peroxide (C,F.P.) Q 

629.  'Prapqrgyl bromide, 3rByom0-l-propyne (T,*sF) 

630. *beta-Propidactooe,  BPL (T;I) 

P o t a s s i m  n i t r a y e ,  S a l t p e t e r  (F,P$ Q 

56% B i +  of bergamot (63  

563. ZOleucl, F m i n g  s u l f u r i c  a c i d  ( T , C j  & 
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564: erris m e t  fS3 

566. Oxalic ac id  (T;I) 

567. *Oxygen d i f l u o r i d e  (T,C,P3 RJ 

' 5706 .  5PPentaborane (T,Z,F3& 

5708. Pentachloroph'enolc' PCP, DDWICIDE 7 (T) ,. .. 
571. Pentaery thr i te  t e r i a n i t r a t e ,  P e n t a e r y t h r i p l  t e t r a n i t r a t e  fP3  @J 

574. Peracetic ac id ,  Peroxyacet ic  acid (T,C,F,P3 RJ , 

575. Perchlor ic  ac ld  (T,C,F.Pj 9 ..' ,' 
576.  Perchloroeyhylene, Tetrachloro~thy&,. OjI) 

577. s:Perchloromethyl n e r c a p t m , ~ , ~ r i c h l o r ~ ~ e ~ y l r u l f ~ " y l  chlor ide  (T;i) 

5197 

581. "Phenyldichloroanine (Til? ', .,' i i 

582. '. , .  . I 
585. :Phenyltricblqrosilane (T,$& 

5 8 8 .  *Phosgene, Carbamyl ch lor ide  CT;3j& 

590. *Phosphine, Xydrogen phosphide (T,f3 r_? 

593. Phosphor= (amorphous, red)  (T,F.P3 RJ 
594. "Phosphorus (white or yellow) (T,F,P3 Q 

595. :Phosphoras oxygbromide, Phosphoryl bromide (T,C3& 

596. "Phosphorus oxychloride, Phoapheryl chlor ide (T,C3& 

591. +:Phosphorus pehtachlor ide,  Phosphoric chlor ide (T,C,F,P3 RJ 

.. ,, . . 
/ '  .f 

\ 

( ' 1.. '-.. \ .  
P e e r s t e m  ether; P c t r o i e y  ~ p h C k i  fTiF3 '.., 

i , % L1_ '.-' 
.: ,,. .- 

Phenylenediamine, Diamino&nzene (or tho,  Beta ,  para)  (T;*i5) 

, 

598. :Phosphorus pentasu l f ide ,  Phosphorir s u l f l d e  (T,C,F,P3 Q 

599. (iPhosphorus sesqui+f ide ,  Tetraphosphorus t r i s u l f i d e  (T,C,F3& 
€ 
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504. 

505.  !Methylmagnesium bromide (C,F,P3 Q 
506. !Methyloagnesium chloride (C,F,Pj g 
507. :nethylnagnesiwn iodide (C,F,P3 g 
508. Methyl mercaptan, Methanethiol (T,€;F) 

512. ~ncthyltrichlorarilane (T,C,F3,R) 

514 .  tlerhyl vinyl ketone, 3-Buten-2-one (T,*;F) ,'. : 

Methyl isopropenyl ketone, 2 z-MethyI-S~-huten-3Z-one (T,f) 

, .  
-515A. *Mevinphos, .PHOSDRIN, ~2-carhomethoxy-l-rn~t~~l~~Yl . .  dimethyl 

phosphate (TI .< . . 

.' \ 

518. Mdlybdenum trioxide, nalyhdenum anhydriae I .. .(T;€) 

521.  nonochloioscetone, Chlomacetone, i;Chl.~ro-2-propanone (Ti%) 

523. Naphrhs (of petroleum or'&l tar origin), &F3 cther,, 

524. Naphthalene (T;%;S) . 
535. 

541. 

544. 

. .  
% 

Petiroleum naphtha (T.5) , ', ; . 
. ~. ? ., ... ; .: 

. .  
Nickel nitrate, Nickelour hitfate (T,F,P3 g 
Nitroanilioe, Nitranilin; (ortho, meta, para) (T,P3 3 
Nitro carbo nitrate (F,P3 9 

. 

545. Nitrocellulose, Cellulose nitrste, Guncotton, Pyroxylini fF;P3 
Collodion. Pyroxylin (nirroccllulose) & ether and alcohol (f.R) 

567. Nitrogen mustard (T,C;I) 

549. Nitroglycerin, Trinitroglycerin (TsF,P3 3 
553. Nitrosoguanidine CPj 

554. 

557. "Nonyltrichlorosilane (T,i3 

558.  "Octadecyltrichlorosilane (T,S3 g 
561. "Octyltrichlorosi1,:Ir I"..? ! 

Nitrostarch, Starch nitrate (f,p3 9 
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-449. nercurii Bmonium chloride, Mercury amonium chloride (T;€) 

450. Mercuric benzoate, Mercury benzoate he if) 
451. Mercuric bromide, Mercury bromide (T;€) 

452. "Mercuric chloride, Mercury chloride (Tii) 

453. *Mercuric cyanide, Herc:ury.cyanide (T;f) 

454. Mercuric iodide, Mercury iodide (T;€) 

458. Mercuric owcyanide (T,Pj Q 

468. nercurous nirrate.(?,Pj Q 

4?& 

473. !Mercury compounds (7 )  

475. ?Metal hydrides (F,Pj Q 

/' 
. ' 

. .  
para-Hcnthane hydrepcrsxidc; Paramcaths& hydroperoxide f€;Fj 

,' I' - . -  , - j - . -  ., .. . .. ; -. " . 
.J 1 

.% I. 

477& $:nethorngl, LANNATE, S-Methyl-N-( (uet+yl-csrbamonyl) oxy) 

477B. "Methoxychlor; 1,1,I-Trichlor~~2,2-his(o~mCthor~.phenyi)eth~ne, C H E ~ O R L I .  
( 

thioacetaimidate (T) 1 t:.. -.... '%\ ,_ 
1. , ... 1 .. 

. .  - .. . ,, '. -,:" .. .; M U T E  (TI 

482. ~MinethylsluminumSspspuibrohide (Fj& 

483. ~ M ~ t h y l a l u m ~ ~ ~ . ~ ~ ~ ~ u i c h l q r i d e  ( F j a  

484. Nethylamine, A?inomethane' (T,%:F) 

486.'%-lethyl bromide, B;ornomethane (T;€) 

492. ?Methyl chloroformate, Methyl chlorocarbonate (T,€TFj& 

493. *Hethy1 chloramethyl cther, ClltlE ( T j a  

495. ?~M'nethgldichloraarsine (T;%) 

496. "Merhyldichlorasilane (?,%j 

500. 

501. Hethyl formate (T,%;F) 

\ \  
I .~ 

~ 

Methyl ethyl ketone peroxide (T,€;F) 

€ 



0 0 'd 

DRAFT - FOR DISCUSSION ONLY 
D.,L I,,. 1 ,  ,:I. 

' 66680 - 17 

670. Sodium chromite '(TIC, 6) 

672. Sodium dichlorbisocyanurate (€;F) 

673. 

674. Sodim fluoride (T;S) I'  

.675. ';Sodium hydride (T,C;F,P) Q 

678. "Sodium hypochlorite (T,€yF3& 

679. :sodim methylate, Sodium methoxide (C,F3JQ 

Sodium dichromate, Sodim bichromate (T,C,S;F) 
.. . 

680. Sodium molybdate (TiS) ' . ,.' 

681. 

682. Sodium nitrite (T,F.P3 

684. Sodium perchlorace (T,€iF,P3 9 .. , 

685. Sodium permanganate (T,€;Fj 

686. ?Sodim peroxide (T,I;F,.P+ . 
687. Sodim picramate (T.,€?F,k'3 Q. ' ~ . 

688. ?Sodim potassi& alloy, NakX_,'Nack (C,F,P) 9 
690. 

694. StrontiUm nitrate (T,F,P).R) 

,695. 

Sodium nitrate, Soda niter (T,F,P) Q 

.- . 

. ,  

. .  . . .  

Sodium sulfide fnnd, Sodium hydrosulfide) [T,?;T) 

Strontium peroxide, Strontium dioxide (€;F,P3 Q 

698. Succinic acid peroxide (T,F;F) 

700. *Sulfotepp, DITHIONT, BAT&Dllnnl, Tetraethyl diihiopyrophosphatel 

701. :Sulfur chloride, Sulfur monochloride (T,C,P+ Q 

702. zSul€ur mustard (T,C) 

707. *Sulfuryl chloriPI, ?. : 1 m > 1  ra . !~ : id?  CT.C3S 

708. :Sulfuryl fluoride, Sulfonyl flwride (T,C3& 

% (TI 

631: Prppiopaldehyde, Propanal (T,%;F) 

632. 

63s. n-Propylamine (and isomers) (T,€;F) 

636. "Propyleneimine, 2-Methylaziridine (T,F) 

637. Propylene oxide (T,f;F) 

640. "n-Propyltrichlorosilane (T,C,F3JfJ 

643. fPyrosulfury1 chloride, Disu l fury l  chloride (T,C,Pj .g 
644. "Quinone; 1,4-%enmquinone (T;I) 

646, "Schradan, @ctarnethyl. pyrophosphoramide; O?IPA (T) 

Propionic acid, Propanoic acid (T,C3& 

. .  . .  
. . . .  

.. . 
647A. "Selenium (TI 

.. . . .  647%. :%elemi& c m w u d s  (TI ' . .  -- 
650. "Silicon tetrachloride, silicon chloride ( T , C 3 A  

651. :Silver acetylide (T,P3 ' .  . 

i i 
652. Silver azide . ( T , P 3  Q . .  

". 
654. Silver nitrate (Tis) . 
655. 

656. Silver tetrazene (T,P3 9 
657. Sodium (C,F,P3 Q 

659. ?Sodium aluminum hydride (C,F,P) 3 
660. :Sodium amide, Sodanide (C,F3& 

663. Sodium azide (T,P3 Q 

665. Sodium bromate (T,S;F) 

667. Sodium carbonate peroxide (f;F) 

668. Sodium chlorate. (T,S;F) 

669. Sodium chlorite (T.S;F) 

. .  
Silver sryphnate, Silver trinitroresorcinare (T,Pj R, 

€ 

. 
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753. 

754. 2,4,6-Trinitrotolucne. TNT (T.F,P3 9 
755. *tris (l-Aziridinyl) phosphine oxide, Triethylene phosphoramide, 

~ ,4 ,6 -~r in i t roresorc ina l ,  Styphnic acid (T,P) Q 

TEPA (Ti€) 

uranyl nitrate, Uranium nitrate (T,F,P3 Q 758. 

759. Urea nitrate (T,F.P3 9 
763. ' ; ~ ~ ~ ~ d i ~  pntoxide, Vanadic acid anhydride (Tif) 

J 

765. Vanddim 'YetraciXide (T;f) 

766, vanadium trioxide, Vanadium sesquiaxide ( ? T i )  - .  

- - -  _.*_ - - .I 767.- Vanidyl sulfate, Vanadium sulfate (%%I - _ _  __ 
768. V i n y l  Beetate ( F 3 A  . .  . 

769. Winpl chloride tT,i;F) . .  
??*? vinyt imprepyi  ethct. fF3 .'-. 
771. Vinvlidene chloride. VC (T,F) ..; . ' ' 

? i 2 .  Vinyfldcnc ehforide; VE fT;F3 .. 
772. vinvl isopropyl ether . 
773. Finyltrichlar~silane (T,C,F+& 

784. Zinc nitrate (T,F,P3 9 
705. Zinc permanganate (T,i;F) 

786. 

787. "Zinc phosphide (T,F3& 

788. Zinc sulfate ('I;%) 

790. ";irconi~n chloride, Zirconium tetrachloride (T,C3& 

_ .  - 
c 

_ -  

Zinc peroxide, Zinc dioxide (T,F,P3 Q 

c 
??67 'Tctraethyf d i t h i . n o p ~ r ~ p h ~ , p h a t e i  FERP +'f3 
7194. Tetrahydrofuran; THF (T,S;F) 

719B. Tetrahvdrophthslic anhydride, HemtetTahyd~Ophthalic 
anhydride pJ 

720. TETRUIN, Tetrahydranaphthalene (T;%) 

723. "Tetraaiirranerhane (T,F,Pj 9 
725. Tetrazme, 4-Amidino-l-(nitr~sa~i"~-~~idino)-l-tctr~~~~~ (T,P3 2 
726. '*Thallium (T) 

729. :Thi~hioc*rbouy~~hloride, Thiophosgene (T,C3& . ' 

731. "Thiozyl chloride, Sulfur oxychloride (T,C3& 

732. !Thiophsphoryl chloride (T,C3& .: 
736. Titanim sulfate (Tyf) 

737. :Titanium tetrachloride, z;{aniC chloride (T,C3& 

739. ~Taluece-2.4-dii*ocyanatc, T O 1  <T,€;6;P3 Q 

. .  

. .... t .. - . _  . ~. I _  . -~ . _ _  
. . .  . . .  
\. ' 

.. . .. . 

c . .  . . %  , . .  . 
. . '1 

740A. Toluid-ce, Amjmtaluene (oorkhq,metd,para) (TI 

740B. qoxaphroe, Polychiarocanphene a I .  

54% 'frichhraboranc fTiF3 '~ 

743. 1,1,2-?richloroethane (T;I) 

744. 

746. ??,4,5-3~ichlorophenoxya~etic acid; 2,4,5-T (TI 

747. :Triihlorosilane, Silicachloroform (T,C,F3& 

748. Trimerbylamine, TXA (T,f;F) 

749. 

750. 1,3,5-rrinitrabenrene, TNB (T,P3 9 

Trichlnroerhylene; 3; ?; 2fTriChloraethene (TiF) 

Trini:roanirole; 2,4,6-Trinitrophenyl methyl ether (T,P3 Q 

751. 2.4,b-rrinitrobenroic acid (T,P3 Q 

752. Trinitronaphthalene, Naphtite (T,Pj Q 

+ e j u  List of Cornon Names. Any of  the following waste  shall be 

handled and disposed of according to the regulations set forth in this 

Chapter. 
c € 

. 
<'> 0 L 
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Dri l l i ng  f l u i d s t t ,  

Dr i l l i ng  mvd*t 

Dyes*? 

Etching ac id  l i qu id  0: SOIV~OL (C,ITF) 

Fly ash (T.CsT) 

Laborarory waste*? 

Line and sulfur sludge (C+) 

Lime and water (C+) 
I' .. 

Lime sludge (C+) . .  
Lime YaSteYater (C,*) 

Liquid cement*? 

Liquid cleaning compounds ti; , . 
Mine t a i l i n g s  *i 

Obsolete explosives fPf & ', '. ,. 
I ... 

O i l  Ash (T.CyT) 

814 e€ berzeset f5f 

Pa in t  (or varnish) remover or s t r i p p e r  (Zip) 

Paint thinner (1,TrF) 

Pickling l i q w r  (C+) 

. .  
. .. 

> .  
. ,  

. .. 

Pigments** 

Placing waste  (T,Ci*) 

Psrdeted etsi4 raee end p~edaee9 easeaining ic C5f 

Pr in t ing  ink*+ 

Retrograde explosives f P f  

. '  . .  0 'r 

fPR DISCUSSION ONLY 
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c 
The haiardovs property of each waste is i den t i f i ed  as fallows: 

(c) corrosive, 4- I.+sBR~; (F) €*-amab&.er i en i r ab le ,  fsf seteng e n s i e i e e r  

and tPf  p ~ e f s t l ~ e  geaers€ing (R) reac t ive .  I n  c h i s  subsection 821 aseerhk 

-denotes the  comon name of en i E w  a- which comes under the  

e&lFemeaee provisioos of  t h i s  Chaprer if i t  conta ios  B hazardous material. 

CT) toxic, 

(This list is Eondenged t o  show changes &) 
. 

: _. .. . I 

. .  . .  Acetylene sludge (Cr€) 

Acid and water (C+) 

Acid sludge (C+) '.. ... 
Alkaline caus t ic  l i q u i d s  ( c * ) . .  

Alkaline cleaner (C,€) \, . L. 
. G. \, 

Alkaline corrosive ba t t e ry  f l u i d  '(CTT) ,. 
Alkaline cor ros ive . l iqu ids  (Cy*) '.' 

Ashes (T,CTI) 

Bag house wastes*+ 

Battery acid (CrT) 

Boiler =leaning waste (TrCTO 

Catalyst*+ 

caus t i c  slvdge (C+) 

caustic VaSfeYafer (C,*) 

Chemical c leaners t?  

Chemical t o i l e t  waste*? 

Corrosion inh ib i to r  (T,c+) 

D a ~ a  process ing . f lu id  (F,T) 

c 

€ 
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die-thvl phorp6atc (TI i 

Chlmne 1T.C.F) 
Chlcrinc h i d e  !T.CF.Pl 
Chlorine pntafluoride 1T.CF.P); 
Chlorine iriiluorrde lT,CF,Pl 

c 

I .  .. 

i 65685. Lid of Extremely H d a u r  Wrrlcs 
[a ]  A w z t e  conlaining any of the m;teri& cited in the LL1 of'mrcmc!y 

Hwrdnus Waster presented in this Article rhdl be corvidcred p cmcmely 
b r d o u r  wstc and shall be handled and d i sped  of mord$ lo  require 
menis of this Cbaptcr. The potenrial hazardom p'operty of material b 
identified ar followr (r) toxic (C] corrosive. (I) irritanr I nxnrrublc. (SI 

- stronpwnritirer or (p) presnue gcnenting Al l  lctten in 11: cmuk n u m s m  a 
apiGlircd 

(b) A wstc  that mectr the definition of extremely hz&dour w z t c  ? r e n t -  
edin.\r..icle 101 thsCh~plerrh~llbemnridercdancxtr~elyhwrdourunste 
wbclhcr or not the w s t e  is cited in this Article. Such y w d c  shall be hmdled 
and dspovd of ncmiding lo the requiremcntr of thiyChaptcr that p r t n m  to 
hwrdiur  wstcs ind extremely htrardour WAS; 

(e) Lirt of extremely h5zardour chcmink ,/ 

Arsenic (TI i 
Arrenic xid  and salts IT) 
Arwni: m m w u n b  iT) / 

,; 



DRAFT - FOR DISCUSSION O N L Y  
D ~ I L  JAN 1 1 h 
66685-3 /' 

b . I  

. 

DRAFT - FOR DISCUSSION O N L Y  

Date- 'JAN 1 1 198d 
66685-4 

.. 



... . 

DRAFT -FOR DISCUSSION ONLY 
Da:e- JAN 1 1 t984 
66685-6 

a$ &-'- Q 

Zinc arsenite (3.'. 
Zinc c y a n i d r m  
Zinc p n q i i d e  (T.n 

./' 

Note: Authority c i t e d :  Sec t ions  208, 25141 and 25150, Health and Safety 

Code. 

Reference: Section 25141, Health and Safety Code. 

- 

c 



30-10 FLANXABLE AND COVBUSTIBLE LIQUIDS ronE 

BULK PLANT shall mean that portion of a property where 
flammable or combustible liquids are received by tank vessel, pipe 
lines, tank car, or tank vehicle, and are stored or blended in bulk 
for the purpose of distributing such liquids by tank vessel, pipe line, 
tank car, tank vehicle, or container. 

CHEMICAL PLANT shall mean a large integrated plant or that 
portion of such a plant other than a refinery or distillery where 
flammable or combustible liquids are produced by chemical re- 
actions or used in chemical reacttons. 

CLOSED CONTAINER shall mean a container as herein defined, 
so sealed by means of a lid or other device that neither liquid nor 
vapor will escape from it a t  ordinary temperatures. 

COMBUSTIBLE LIQUIDS - See LIQUIDS. 

CONTAINER shall mean any vessel of 60 U.S. gallons or less 
capacity used for transporting or storing flammable or combustible 
liquids. 

. CRUDE PETROLEUM shall mean hydrocarbon mixtures that 
have a flash point below 150" F. and which have not been processed 
in a refinery. 

DISTILLERY shall mean a plant or that portion of a plant where 
flammable or combustible liquids produced by fermentation are 
concentrated, and where the concentrated products may also be 
mixed, stored, or packaged. 

DWELLING shall mean a buildina occupied exclusivelv for 

QENERAL PROVISIONS ~ 30-11 

to be labeled "Flammahle" under the US .  Federal Hazardous 
Substances Labeling Act. For the purposes of this Code (Chapter 
IV) such aerosols are considered Class IA liquids. 

FLASH POINT of a liquid shall mean t$ minimum tempera- 
ture at which it gives off vapor in sufficient concentration to form 

. an ignitible mixture with air near the surface of the liquid within 
the vessel as specified by appropriate test procedure and apparatus 
as follows: 

The flash point of a liquid having a viscosity less than 45 
SUS at 100' F (37.8' C) and a flash point below 200' F (93.4' C), 
shall be determined in accordance with the Standard Method of 
Test for Flash Point by the Tag Closed Tester, ASTM D-56-70.* 

The flash point of a liquid having a viscosity of 45 SUS or 
more at 100' F (37.8' C) or a flash point of 200' F (93.4O C) or 
higher shall be determined in accordance with the Standard 
Method of Test for Flash Point by the Pensky Martens Closed 
Tester, ASTM D-93-72.* 

HOTEL shall mean buildings or groups of buildings under the 
same management in which there are sleeping accommodations 
for hire, primarily used by transients who are lodged XSith or with- 
out meals including but not limited to inns, clubs, motels and 
apartment hotels. 

INSTITUTIONAL OCCUPAXCY shall mean the occupancy or use. 
of a building or structure or any portion thereof by persons har- 
bored or detained to receive medical, charitable or other care or 

i 

Class I1 liquids shall include those having flash. points~ar 
or kbove 100' F (37.Sa C) and helow 140" F (60' C ) .  

'Arailablc from Arncrican S+t? for TSfing and Xlxcrhls, 1916 Racc SI.. 
Philadelphia, Pa. 19103. 

__ 

residence purposes and having not m&e than two dwelling 'units 
.or as a boarding or rooming house serving not more than 15 per- 
sons with meals or sleeping accommodations or both. 

D J + ~ L L I N G  UNIT shall mean one or more rooms arranged for 
the use of one or more individuals living together as a single house- 
keepins unit, with cooking, living, sanitary and sleeping facilities. 

treatment, or by persons involuntarily detained. 

LIQUID shall mean, for the purpose of this Code, any material 
which has a fluidity greater than that of 300 penetration asphalt 
when tested in accordance with 4SThI Test for Penetration for 
Bituminous Materials, D-5-?1.* When not otherwise identified, 
the term liquid shall include both flammable and combustible 
liquids. 

. - 

. EDUCATIONAL OCCUPANCY shall mean the occupancy Or use 
of a building or structure or any portion thereof by persons assembled 
for the purpose of learning or of receiving educational instruction. 

FIRE AREA shall mean an area of.a.building. separated from 
the remainder of the building by construction having a fire resis- 
tance of at least one hour and having all communicating openings 
properly protected by an assembly having a fire resistance rating 
of at least one hour. 

FLUILIABLE A.EROSOL shall mean an aerosol which is'required 

P 

> COIIBUSTIBLE L I ~ I D  shall mean a liquid having a flash 

COIIBL'STIBLE LIQCIDS shall he subdix ided as follows: 

3 z 
si 

point at or above lO0"'F (37.8 desrees G ) .  

5 
1 
r3 

m 
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1 -  Class IIIA Liquids shall include those having flash points PRESSURE VESSEL. Pressure vessel shall mean ally fired or unfired 
vessel within the scope of the applicable section of the .<SME . 1' at or above 140O.F. (.60° C) and below 200' F (93.4'' C ) .  

Class IIIB Liquids shall include those having flash points 

FLAMhlABLE LIQUID shall mean a liquid having a flash 
point below 100' F (37.8" C )  and having a vapor pressure not 
exceeding 40 pounds per square inch (absolute) at  100' F (37.8" C )  
and shall be known as a Class I liquid. 

at or above ZOOo F (93.4" C).  

Class I liquids shall he subdivided as follo\\,s: 

Class IA shall includc those llaving flash points bclow 
73" I7 ( 2 2 . P  C) and  havinsa hiriling point bluw 100" I7 (31.8' Cj. 

Class IB shall include those having flash poiim bclorv 73' 1: 
. .j22.8.0.C) a.nd.ha+% a-boiling - . .  point _ _  at or above - * 100" .. F -. (37.8' . C). 

Class IC shall include those having flash points at  or ahovc 

UNSTABLE (REACTIVE) LIQUID shall mean a liquid which 
in the pure state or as commercially produced or transported will 
vigorously polymerize, decompose, condense, or will become self- 
reactive under conditions of shock, pressure, or tempera lure. 

LrsTEu shall mean equipment or materials included in a list 
published by a nationally recognized testing laboratory that 
maintains periodic inspection of production of listed equipment 
or materials, and whose listihg states elther that the equipment 
or material meets nationally recognized. standards or has been 
tested and found suitable for use in a speclfied manner. 

Low PRESSERE TANK. Low pressure tank shall lneaii a storage 
tank designed to withstand an internal pressure above 0.5 psig but 
not more than 15 pig .  

MERCANTILE OCCUPANCY shall mean the occupancy or use 
of a building or structure or any portion thereof for the displaying, 
selling or buying of goods, wares, or merchandise. 

OFFICE OCCUPANCY shall mean the occupancy or use of a 
building or structure or any portio? thereof for the transaction 
of business, or the rendering or recelving of professional services. 

P,ORT.~BLE Thsli shall meaii any closed vrsscl having a liquid 
capacity over GO LJ.S. gallons and not intended for fixed installation. 

73" F (22.8' G)  and below 100" F (37.8" C). 

I 

Boiler and Pressure Vessel code. 
PROTECTION FOR EXPOSGRES shall inean fire protection for 

structures on property adjacent to tanks. \Vhen acceptable to the 
authority having jiirisdiction, such structiirks located I 1) within the 
jurisdiction of any public fire department or 12) within or adjacent 
to plants having private fire brigades shall be considered as having 
adequate protection for exposures. 

REFINERY shall mean a plant in which Raininable or com- 
bustible liquids are produccd on a comnrei.ical scab from crude 
petroleum, natural gasoline, or other hF-drocarboii sources. 

SAFETY CAN shall inem an applnvxd cuntaiiirr, ui imt inore 
than five p l lons  capacity, haviig a sprinq-closing- lid and spout 
cover and so designed that it will safely relieve internal pressure 

I 

. ., _ _ .  _ _  . - _  ~ when subjected to firc exposure. 
SERVICE STATIONS 

AUTOMOTIVE SERVICE STATION shall mean that portion of 
property where liquids used as motor fuels are stored and dispensed 
from fixed equipment into the fuel tanks of motor vehicles and shall 
include any facilities available for the sale and service of tires, bat- 
teries and accessories, and for minor automotive maintenance work. 
Major automotive repairs, painting, body and fender work are 
excluded. 

MARINE SERVICE STATION shall mean that portion of a p r o p  
erty where flammable or combustible liquids used as fuels are 
stored and dispensed from fixed equipment on shore, piers, wharves, 
or floating docks into the fuel tanks of self-propelled craft, and shall 
include all facilities used in connection therewith. 

VAPOR PRESSURE shall mean the pressure, measured in pounds 
per square inch (absolute) exerted by a volatile liquid as deter- 
mined by the "Standard Method of Test for Vapor Pressure of 
Petroleum Products (Reid Method)," (ASTM D323-68).* ' 

VENTILATION as specified in this Code is for the prevention 
of fire and explosion. I t  is considered adequate if it is sufficient 
to prevent accumulation of significant quantities of vapor-air mix- 
tures in concentration over one-fourth of the lower flanimable limit. 

12. Storage. Flammable or combustible 'liquids shall be stored in 
a tank or in a container in accordance with Chapter I1 or Chap- 
,ter IS'. 
*.4vailablc from American Society for Testing and Llatcrials, 1916 Race St., 
Philadelphia, Pa. 19103. 

- 
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ANALYTICAL LABOR TORY 1914 5 STRE 

November 29, 1982 

Leonardini  and Fathy 
4 0 0  Capi to l  M a l l  
S u i t e  221 
Sacramento, CA 95814 

ATTN: M r .  Raymond J. L 

S A C R A M E N T O ,  CALIFORNIA 9 5 8 1 4  9 1 6 - 4 4 7 . 2 9 4 6  

i 

onar3 in i  

RE: Result; of Pipe Study 

Dear M r .  Leonardini : 

Enclosed i s  t h e  r e p o r t  of t h e  P i l o t  Pipe Study. 
t h e  Pro tocol ,  m a t e r i a l  d a t a  ghee ts ,  and a n a l y t i c a l  r e s u l t s .  Con- 
c e n t r a t i o n s  f o r  gaso l ine ,  GC/MS, a r e  approximate. 

Included a r e  

If you have any ques t ions ,  p l ease  con tac t  u s .  Thank you f o r  
your continued business .  

S ince re ly ,  

ANLAB 

kp 4 &&&if- 
Roger A. E l l i o t t  

RAE: lk 
Encl. 

. 



ANALWICAL LABORATORY ‘ 0  A DIVISION OF D E W A N T E  E CTOWELL 

~ November 29, 1982 
I 

I 

Leonardini and Fathy 
4 0 0  Cap i to l  M a l l ,  S u i t e  221 
Sacramento, CA 95814 

1014 s S T R E E T . S A C R A M E N T 0 .  C A L I F O R N I A  9 5 0 1 4  D 1116.447-294h 

ATTN: ‘ M r .  Raymond J. Leonardini 

-- ABSTRACT -- 
PILOT PIPE STUDY - 

T h r e e  p l a s t i c  w a t e r  supply p ipes :  po lyv iny lch lo r ide  (PVC), 
polyethylene (PE) ,  and polybutylene (PB), were eTposed t o  se l ec t ed  
compounds t o  determine permeabi l i ty .  Copper p ipe  was included as 
a q u a l i t y  c o n t r o l  sample. The exposure chemicals were: 1 , 2 , -  
Dichloropropane; l , l , l -T r i ch lo roe thane ;  Chlordane (72% formulat ion 
d i l u t e d  1:lOO v:v i n  wa te r ) :  Chevron Super-unleaded Gasoline; and 0 Tap Water as a q u a l i t y  c o n t r o l  blank. EXposure t i m e  was one week. 

Resu l t s  i n d i c a t e  t h a t  PVC is permeated by l,.?-Dichloropropane 
and l , l , l -T r i ch lo roe thane ;  PE and PB were permeated by 1,2-Dichloro- 
propane, l , l , l -T r i ch lo roe thane ,  and Gasoline.  I n  a d d i t i o n ,  r e s u l t s  
of t h e  c o n t r o l  samples i n d i c a t e  t h a t  s e v e r a l  compounds l each  i n t o  
t h e  water  from t h e  pipe ma te r i a l ;  s ea l an t s ,  g lues ,  j o i n i n g  com- 
pounds, f l u x ,  etc.  The d a t a  i n d i c a t e s  t h a t  a s  t h e  compounds permeate 
t h e  p ipe  they a l s o  e x t r a c t  and carry with them o t h e r  so lub le  com- 
pounds i n  t h e  p ipe  m a t e r i a l .  Comparison o f  sma l l  q u a n t i t i e s  of 
l eacha te  compounds t o  exposed p ipes  was no t  always poss ib l e  d u e  t o  
necessary  d i l u t i o n s  of t h e  samples because of t h e  h igh  concentra- 
t i o n s  of o t h e r  compounds. 

U 
Roger A. E l l i o t t  

RAE: l k  
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Leonardini and Fathy 
400 Cap i to l  Mall, S u i t e  2 2 1  
Sacramento, CA 95814 - 
ATTN: Raymond J. Leonardini 

, 2 1 4  5 STREET.  S A C R ~ M E N T O , ' C A L 1 F O R N l A  93DlI e Yl6 .417.2946 

November 2 9 ,  1982 

Report # :  1 4 4 6 8 2  
Paqe One 

P i l o t  Pipe Study 

I - In t roduc t ion  

The purpose for t h e  p i l o t  s tudy was t o  apply chemicals t o  
d i f f e ren t  p i p e  materials, "mimicking s o i l  cond i t ions" ,  and analyzing 
t h e  water s g p l e s  i n  each p i p e  f o r  any p o s s i b l e  migra t ion  of appl ied  
compounds through each type  of pipe.  Any f u r t h e r  s t u d i e s  could be 
based on t h e  r e s u l t s  of t h e  p i l o t  program. 

P ro toco l  f o r  t h e  a c t u a l  set-up of t h e  s tudy was e s t a b l i s h e d  
through cooperative agreement between Anlab s t a f f ,  1.k. Leonardini,  and 
M r .  Leonard in i ' s  r ep resen ta t ives .  (Appendix A )  

11. Protocol Data 

A .  Photographs -- Photographs of t h e  v a r i o u s  phases 

B. Q u a l i t y  Control  

experiment were taken and have a l r eady  been suppl ied.  
of t h e  

1. An " I n i t i a l  Tap Water" w a s  c o l l e c t e d  and analyzed 
t o  determine i f  any of t h e  respective.compounds.were p r e s e n t  i n  t h e  
tes t  water  before t reafment .  

2 .  A "water c o n t r o l  box" w a s  used as  a blank t o  determine 
i f  any compounds of i n t e r e s t  leached n a t u r a l l y  from t h e  p i p e ,  s e a l a n t s ,  
sand, etc. 

3.  Copper p i p e  was used i n  each box as an exposure 
c o n t r o l .  

4. Each box w a s  checked and kep t  f i l l e d  dur ing  t h e  e n t i r e  
exposure period..  
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a .  l , l , l - T : - i c h l o r o e t h a n e  and  1 ,2 -Uich lo ropropane  
were a n a l y z e d  by EPA Ncthod fiG24, " O r g a n i c s  by Purge  and T r a p , "  
u s i n g  Gas Chromatography-Coulson D e t e c t i o n .  

b. C h l o r d a n e  was a n a l y z e d  by EPA Method f l608, 
" O r g a n o c h l o r i n e  Pest ic ides  and PCB's," u s i n g  Gas Chromatographp- 
E l e c t r o n  C a p t u r e  Detection. 

c. G a s o l i n e  w a s  a n a l y z e d  u s i n g  EPA Method # 6 2 4 ,  
" P u r g e  and T r a p , "  and  h y d r o c a r b o n  a n a l y s e s ,  S u p e l c o ,  by Gas 
Chromatography-Flame I o n i z a t i o n  D e t e c t i o n  ( f i n g e r p r i n t i n g ) .  

C. Material Data Sheets -- (See  Appendix B )  

D .  Project T e r m i n a t i o n  

The rubber s i l i c o n  s e a l a n t  d i d  n o t  sea l  a g a i n s t  t h e  
compounds b e i n g  u s e d .  E x c e s s i v e  l e a k i n g  c a u s e d . u s  to  t e r m i n a t e  t h e  
s t u d y  a t  o n e  week. 

I11 - A n a l y t i c a l  Data- 

A. Chemica l  Data S h e e t s  -- (See Appendix C !  
* -  

8. Anlab  I . D .  Codes 

1. Pipe c o d e s :  "PV-W" = P o l y v i n y l c h l o r i d e  - White;  
"PE-K" = P o l y e t h y l e n e  - Black:  "PB-KE" = P o l y b u t y l e n e  - Black  and 
B l u e ;  "CC-C" = Copper .  

2.  Box Codes :  "A" = 1 , 2 - D i c h l o r o p r o p a n e ;  "B" = 1,1,1-' 
T r i c h l o r o e t h a n e ;  "C" 5 C h l o r d a n e  8 E ;  I'D" = Super  Unleaded G a s o l i n e ;  
"E" = Water c o n t r o l .  

3 .  Code Use: Pipe-Color-Box; example,  "PV-M-I3" i s  
Polyvinylchloride-White-Box 8. 

C. P i p e  Volumes 

1. A 1 1  p i p e s  c o n t a i n e d  1 4 0 0  n i l  t o  2100 m l  of water sample.  
I n d i v i d u a l  volumes a r e  i n  Appendix D .  

D. A n a l y t i c a l  R e s u l t s  

1. "Test-Chemical"  R e s u l t s  - - ONLY 



1;1,1- 
1,2-Dichloro- Trichloro- Chlordane Gasoline, ppm 

Pipe/Sample Propane, ppb ethane,  ppb ppb (by t o t a l  a r ea )  

I n i t i a l  None None None None 
con t ro l  Detected Detected Detected Detected 

PV-w 0.98 2.2c None None 
Detected Detec tedC 

None None None None 
PV-w (E) Detected DetectedC Detected Detected' 

PE-K 1,800 12OC None 
Detected 4 6 ,  OOOc 

* None . None None . None 
PE-K (E)  Detected D e  tec tedC Detected Detec tedC 

PB-KE 310 7 8c None 
25, O O O c  Detec t e d  

None None , None 
PB-KE (E)  20*c Detectedc D e t  ec ted  DetectedC 

0. 5 9 l C  None 
Detected 4 .  6 lC  None 

cc-c Detectsd 
None None None None 

CC-C (E) Detected Detectedc Detected Detectedc 

Detect ion 
L i m i t  0.30 0.25 0.1 0.05 

*There i s  no explana t ion  of t h i s  anomylous r e s u l t  i n  a con t ro l  sample. 
There may have been contamination. 
GC/MS. 
no explana t ion  i s  ava i l ab le .  

Confirmed by GC/MS, 

'This r e s u l t  is  poss ib ly  due to a pinhole  o r  c rack  i n  t he  copper p ipe  
o r  soldered j o i n t s ,  Each exposure box contained t e n  ( 1 0 )  soldered 
j o i n t s .  

This r e s u l t  was confirmed by 
W e  have r igo rous ly  looked a t  contamination p o s s i b i l i t i e s  and 

C 



1 Y i 4  5 STREET.SACRa\MENTO.CALIFOI )N IA  9 1 8 1 4  s 9 1 6 . 4 4 1 - 2 9 6 6  

Page Four 

2. GC/MS r e s u l t s  - B y  P i p e  'Type' (1) 

a .  P o l y v i n y l c h l o r i d e  P i p e  

l,l,l- 
T r  i c h l o r o e t h a n e  Water 

Compound, ppb  Exposure  Box - B C o n t r o l  Box - E 

Ch lo ro fo rm 230 30 

2-Bu t a n o n e  5 1 0  - 
Methy lpen tanone  1 7 0  None D e t e c t e d  

None Detected To luene  360 
Dich lo romethane  None D e t e c t e d  
Ace tone  None D e t e c t e d  2 6  

T e t r a h y d r o f u r a n  1 1 , 0 0 0  4 . 9  

28 0 

G a s o l i n e ,  ppm 

B u t a n e  
Hep tane  
Benzene 
T o l u e n e  
O c t a n e  
X y l e n e s  
T r i m e t h y l  Benzenes  
T e t r a m e t h y l  Benzenes 
E t h y l b e n z e n e  

Exposure  Box - D C o n t r o l  B o x  '- E 

None Detected 
None D e t e c t e d  
None Detected 
1 - 5  
None 'Detec ted  
None D e t e c t e d  
None Detected 
None D e t e c t e d  
None D e t e c t e d  

None D e t e c t e d  
None D e t e c t e d  
None D e t e c t e d  
1 - 5  
None D e t e c t e d  
None D e t e c t e d  
None Detected 
None D e t e c t e d  
None Detected 

*Exposure  compounds c o n f i r m e d .  S e e  S e c t i o n  D - l . ,  Pagc 3 .  

{l) Sone compounds may n o t  have  been  d e t e c t e d  i n  t h e  e x p o s u r e  p i p e  
samples t h a t  were found i n  t h e  c o n t r o l  samples, d u e  t o  sample 
d i l u t i o n .  
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b?  P o l y e t h y l e n e  P ipe  

Compound, ppb 

E t h y l o x i r a n e  
1 , 2 - D i c h l o r o e t h a n e  
T r i c h l o r o e t h y l e n e  
Benzene 
M e  t h y  l pyrol e 
Dich lo romethane  
Ch lo ro fo rm 
Acetone 
T e t r a h y d r o f u r a n  
2-Butanone 

G a s o l i n e ,  ppm 

Butane  
Hep tane  
Benzene- 
Toluene  
O c t a n e  
Xy lenes  
T r i m e t h y l b e n z e n e s  
T e t r a m e t h y l b e n z e n e s  
E t h y 1  benzene  

T r i c h l o r o e t h a n e  
Exposure  Box - B 
5200 
4500  
70  
300  
28 0 
None D e t e c t e d  
None D e t e c t e d  
None D e t e c t e d  
None D e t e c t e d  
None D e t e c t e d  

\ia ter 
C o n t r o l  Box - E 

None Detected 
None D e t e c t e d  
None D e t e c t e d  
None Detected ' 

None D e t e c t e d  
100 
26 
2 .2  
9 0  
2 00 

Exposure  Box - D* C o n t r o l  Box - E 

100  None D e t e c t e d  
None Detected None Detected 
1 0 0  None D e t e c t e d  
1 0 0  1 - 5  
None D e t e c t e d  None D e t e c t e d  
1 0 0  None Detected 
20 - 100 None D e t e c t e d  
20 - 1 0 0  None Detcc t c d  
1 0 0  None Detected 

* I n  a d d i t i o n ,  e h e  f o l l o w i n g  compounds were found i n  t h e  e x p o s u r e  
p i p e  t h a t  w a s  n o t  i n  t h e  gasol ine:  m e t h y l e t h y l b e n z e n e ,  cycle- 
p e n t a n e ,  d i h y d r o l n d e n e ,  and d i m e t h y l e t h y l b e n z e n e .  - 
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2. G C / M  

c. P o l y b u t y l e n c  P i p e  

T r i c h l o r o e t h a n e  Water 
Compound. ppb Exposure  Box - E C o n t r o l  Box - E 

Dich lo romethane  
Ch lo ro fo rm 
Ace tone  

Gaso l ine ,  ppm 

B u t a n e  
Hep tane  
Benzene 
T o l u e n e  
Octane 
X y l e n e s  
T r i m e t h y l h e n z e n e s  
T e t r a m e t h y l b e n z e n e s  
E t h y l b e n z e n e  

1 0  
4 7  

None Detected 
None Detected 
None D e t e c t e d  1 3 0  

2 
Exposure  Box - D* C o n t r o l  Box - E 

i a o  
None 
1 0 0  
1 0 0  
None 
1QO 
100 
100  
Lao 

Detected None Detected 
None D e t e c t e d  
None Detected 

Detected None D e t e c t e d  
None D e t e c t e d  
None D e t e c t e d  
None D e t e c t e d  
None D e t e c t e d  

2No g a s o l i n e  components  detected. 
* I n  a d d i t i o n ,  t h e  f o l l o w i n g  compounds were found i n  t h e  exposed  p i p e  

which  were - n o t  i n  t h e  q a s o l i n e :  
D i h y d r o i n d e n e ,  and D i m e t h y l e t h y l b e n z e n e .  

M e t h y l e t h y l b e n z e n e ,  c y c l o p e n t a n e ,  
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d. Copper Pipe 
Tr ich loroe thane  Water 

Compound, ppb Exposure Box - B Cont ro l  BOX - E 

2-Butanone 64-0 None Detected 
1-Chloropentene 30 None Detected 
Toluene 80  None Detected 
Dichloromethane None Detected 57 
Chloroform None Detected 26  

- 

2 . 1  Gasol ine,  ppm Exposure Box - D* Control  Box - E 

Butane 
Heptane 
Benzene 
Toluene 
Octane 
Xylenes 
Trimethylbenzenes 
Tetramethylbenzenes 
Ethylbenzene 

None Detected 
None Detected 
None Detected 
1 0  
None Detected 
1 0  
None Detected 
None Detected 
None Detected 

None Detected 
None Detected 
None Detected 
None Detected 
None Detected 
None Detected 
None Detected 
None Detected 
None Detected 

2 N 0  g a s o l i n e  compounds de tec t ed ;  no o t h e r s  de t ec t ed .  

*In add i t ion ,  methylethylbenzene was found which w a s  .not a p a r t  
of t h e  gaso l ine .  

DATA CERTIFIED BY 

REPORT APPROVED B 
- 

ANLAB/T. Ikesaki 
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PILOT P I P E  STUDY 

PHASE I 

Assemble p ipe  chambers: P res su r i ze  t h e  p ipes  t o  approx. 
4 0  p s i  (working c o n d i t i o n s ) .  Wait 48 hrs .  and check for  any 
s i g n s  of water l e a k s  i n  t h e  p ipe  s t r u c t u r e s .  
are cured,  f i l l  each box wi th  water t o  demonstrate a sealed 
chamber. 

Af t e r  the  sea l an t s  

~ PHASE I1 

Afte r  t h e  chambers a r e  leak-free,  they  are then f i l l e d  . 
wi th  f r e s h  water ,  as are t h e  p ipes .  Measure approximate f l u s h  
volume through t h e  pipes .  The chambers are l e f t  overnight  and 
checked for leaks ,  after which t h e  chambers a r e  emptied and 
d r i ed .  

PH?SE 111 

F i l l  each chamber with "washed" 27nd. 
uniquely and l a b e l  each type  of p ipe  - uniquely.  C o l l e c t  an 
i n i t i a l .  water sample and p rese rve  a s  a c o n t r o l  sample. F i l l  
and p r e s s u r i z e  t h e  p i p e s  t o  working cond i t ions .  SatuZ7te each 
chamber wi th  its p rospec t ive  compound o r  formula t ion  - . Each 
chamber t o  be sea l ed  wi th  s i l i c o n  rubber and a w i r e  s ecu r i ty  
t a g ,  t o  be  a t t ached  a t  two p laces  on t h e  l i d .  Contact t i m e  
s h a l l  be one week, af&r which t h e  water from each p ipe  type 
w i l l  be c o l l e c t e j  marked f o r  i d e n t i f i c a t i o n ,  analyzed, and 
volume measured - . 

Label each box 

7 

PHASE I V  ., 

The p ipes  w i l l  be f lu shed  and r e f i l l e d  t o  ope ra t ing  con- 
d i t i o n s .  The l i d s  w i l l  be opened-and chambers r e f i l l e d  (where 
required!  w i th  t h e i r  r e s p e c t i v e  compounds, to s a t u r a t i o n .  The 
procedure w i l l  be t h e  same a s  i n  Phase 111 except  a two-week 
exposure t i m e  w i l l  e lapse .  

PUASE V 

A l l  samples from t h e  p ipes  w i l l  be analyzed f o r  t h e i r  
r e s p e c t i v e  compounds. I n  a d d i t i o n ,  they w i l l  be compared to :  
(a) t h e  i n i t i a l  water  c o n t r o l ;  (b)  a s t anda rd  of t h e  o r i g i n a l  

compound o r  fo rnu la t ion ;  (c) t h e  c o n t r o l  b o x  "E" samples. From . t h i s  d a t a ,  i t  w i l l  be determined if any of t h e s e  compounds a r e  
$ 
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PILOT PIDE STUDY ( con t ' d )  
October 5, 1 9 8 2  

p re sen t  and if any o the r  compounds ( e i t h e r  f r o n  t h e  formula- 
t i o n s  or t h e  s t r u c t u r a l  m a t e r i a l s )  have en tered  t h e  water 
from o r  through t h e  p ipe .  

0 

PKASE VI - APPENDIX 

A. A l l  s t a g e s  of work w i l l  be photographed. 

B. Conplete p ipe  d e s c r i p t i o n s  w i l l  be recorded,  inc luding  

C. Sec t ions  of each p i p e  w i l l  be kep t  f o r  m a t e r i a l  evidence. 

D. F i n a l  d i s p o s i t i o n  of all sand, compounds and samples t o  

manufacturer i f  poss ib l e .  

be done by Anlab. 

and f o r  any l e a k s .  
E. Dai ly  checks t o  be made of each chamber f o r  i t s  i n t a c t n e s s  

F. Seve ra l  checks to  be made dur ing  each c o n t a c t  t i m e  t h a t  
t h e  chainber remains a t  s a t u r a t i o n  and appropr i a t e  solu- 
t i o n s  axe added i f  needed. 



1/ Pipe Material - 
0 Polyvinyl chloride - white 

Polybutylene - Black 
Polybutylene - Blue 
Polyethylene''- Black 

Lab Identification 

PY-w 

PB-K 

PB-E 

PE-K 

2/ Box Label Compound Conc. - - ,  

A 1,2-Dichloropropane 100% 

B l,l,l-Trichloroethane 100% 

C Chlordane-8E 1% formulation 

D 

E 

Super Unleaded Gasoline, * 100% 

Tap Water 100% 

F Spare 

- 3 /  Analyses of compounds will follow EPA protocol where 
applicable. 

Compound EPA Method No. 

Chl Ardane 608 

1,2-Dichloropropane 

l,l,l-Trichloroethane 

Gasoline 

624 

624 

624 

Thomas I. kkesaki 
Laboratory Director 

TI1:lk 
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MATERIAL DATA SHEETS 

APPENDIX D 

The m i t t e n  d a t a  found on t h e  s i d e  of each p i p e  was c a r e f u l l y  
recorded and checked f o r  accuracy. 

Polyvinylch lor ide  Pip.&? ( L a b  Code PVW) White, r i g i d .  

P ipe  Code: Extrtjded P l a s t i c  Co. NSF-pi? 3/4" IPS 
SC-40-BOPS1 I? 73 F PVC 1120 ASTM D1785-75 

Polyethylene P ipe  ( L a b  Code PEK) Black, c o i l e d .  

P ipe  Code: Westflex S e r i e s  80 3/4" Polyethylene 
EO PSI 6-82  33-15 

Polybutylene P ipe  (Lab Code PBK) Black; co i led* .  

P ipe  Code: 3/4" Westflex 250 PSI Polybru te  PB2110 
SDR9 Water S e r v i c e  Tubing NSF-pw-SE-W-C-238-79 

Polybutylene P i p e  (Lab Code PBE) Blue ,  co i led* .  

P ipe  Code: 3/4" CTS Westflex Polybru te  PB-2110 250 p s i  
SDR-9 ASTM-D-2666 Water Se rv ice  Tubing 
NSF-PW-S-B-27 10-81 

Copper P ipe  (Lab Code CCC) Copper, r i g i d .  

P ipe  Code: 3/4" - TYPE L - Made i n  U . S . A .  - Phelps Dodge 

* Both blue and b lack  were used i n  each box. 
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I 
CBENICZL DATA SHEETS 

l,l,l-Trichloroethane, (Stabilized) Technical Grade, 
C H C1 F.N.133;4, Lot 217621, 20L, Cat. #W509-1, J.T. Baker 
C&k.c&. Co., Phillipsburg, NJ 08865 

1,2-Dichloropropaner 99%, Toxic!Ir&itant!Flammable!, 

Lot NO. EJ 092l8S, Czt. %D7,218-2, 4kg, Aldrich Chemical Co., 
Tnc., Nilwaukee, WI 53233 

F.W. 112.99, CH CH(Cl)CB,C1, b.p. 95-96 N8’ 1.4384, d 1.1568 

Super Unleade?? G ~ ~ o l h e ,  Chevron, Inc. 

Chlordane %E, ZiILy M i l l e r ,  Insecticide, Termites (SUbteKranean), .- 
Active Ingredients: *Cfiiord;na, technical... 72.3%; Petroleum 
distilate. _. 21.5%; 1na-t ~ogredients. .* 6.2%, *Equivalent to 43.38% 
O c t a c h l o r o - 4 , 7 - ~ 2 - ~ ~ ~ o ~ ~ ~ ~ s ~ ~ 4 - d r o i n d a n e  and 28.92% related compounds 

l/Z qaUon, The Chas. H. L i l l y  Co., Portland, Oregon 
97218, EPA Est 8Q2-OR-1, EPA Reg. NO. 802-71 

’. Net Contents: 

Water, Sacrziita city Public Water,’from tap. 
3 



i” 
PV-W-A 
PE-X-A 
PE-XE-A 
CC-C-A 

PV-I?-B 
PE-X-B 
PE-XE-B 
CC-C-B 

PY-w-C 
PE-X-C 
PB-XE-C 
CC-c-c 

FliT-W-D 
PE-K-D 

PV - W-E 
PE-X-E 
1B-XE-E , , ,  

CC-C-E 

APPENDIX D 

P I P E  CAPACITY/VOLUME 

2000 ml 
1600 

. ,1600 
1600 

2000 
1600 
1600 
1600 

2000 
2100 
1600 
1800 

2000 
1600 
160Q 
1600 

a000 
2000 
i400 
1600 
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COUNTiES 
(A) = Appointed Officials 
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Y 

0 
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J 
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t 

a 

ALAMEDA 60hlNTY 
Incorporated March 25, 1853 

(Charter Form of Government) 

Legislative Districrs: 8th, 9th and 10th Congressional; 
Sth, 9th and 11th Senatorial; 

12th, 13th, 14th, 15th and 25th Assembly 
Population: 1,108,300 

COUNTY SEAT, OAKZAND 
Central County Info: 12ZL.Oak.Sn~tL9?6I.2~ 415-874-5556 

County Administrazor Me1 Hing 

Board of Supervisors 
Meetings held every Tuesday. 
Donald A. Excell, District 1, Pl&santon 
Charles Santana, District 2. San Leandro 
Fred F. Cooper, Disnict 3,  Alameda 
Joseph P. Bon, District 4, Berkeley (Chairman) 
John George, District 5, Oakland 

Elected and. Appointed Officials 
Assessor, Donald J. Hutchinson 
Auditor-Controller; .Donald M. Parkin 
County Clerk-Recorder, Rene C..Davidson 
DistriLt Attorney, D. Lowell Jensen 
Sheriff, Glenn E. Dyer 
Superintendent of Schools, Robert C. Coney 
Treasurer-Tax Collector, Roben G. Knox 
Director, Public Works, H. .A. Flemheim (A) 
Director, Phnning, William H. Fraley (A) 
Purchasing .Agent, Patricia Henas (A) 
Director, Socia! Services. Librado Perez (A) 
Public Defender, James Jenner (.A) 
County Counsel, Richard J. Moore (A) 
Parks and Recreation,N/A (A) 

Superior Court Judges 
Richard Hodge, Michael E. Ballachey, Robert K. Barber, 

Robert L. Bostick, Carl West Anderson, John S. Cooper, 
Ken M. Kawaichi, Stanley P. Golde, Winton McKibben, 
Henry Ramsey, Jr,, Allen E. Broussard, Harold B. Hove, 
Robert H. Kroninger, J. P. Vnkasin Jr., Alan A. Lindsay. 
Manin N. Pulich, Gorden Minder, Richard A. Bancroft, 
Richard Bartilisi, Howard L. Schwartz, John J. Purchio, 
Myron A. Martin, M. 0. Sabraw, Jr., Zook Sutton, Wilmont 
Sweeney, Richard A. Haugner, Jacqueline Taber, Raymond 
Marsh, Donald McCullum, Demetrios P. Agretelis 

Municipal Court Judges 
Alameda Judicial District: George E.. McDonald 
Berkeley-Albany Judicial District Mario H. Barsotti, 

George Brunn, Dawn B. Girard, Carol S. Brosnahan . 
Fremont-Newark-Union City Judicial District Roy G: 

pucci, James F. Perley, Joseph W, Jay 
Livermore-Pleasanton Judicial District John A. Lewis, 

Mark L. Eaton 
Oakland-Piedmont Judicial District: Courtland. Arne; Clif- 

ford B. Bachand, Roderic Duncan, Carlos G. Ynostroza, 

Lewis P. Ma;, Benjamin Trsvis, J: Robert Friborg. Gori 
don S. Baranco, James C. Walsh, Jr., Vacant 

San Leandro-Hayward Judicial District: Robert E;. Byers, 
Dallas Edgar, Robert Fairwell, Dwid E. Hunter, Alfred 
-4. Delucchi, Joseph J. Carson, William Shannon Parrish 

. 

ALPINE 643UNT'Y , .  

Incorporated March 16, 1864 
Legislative Districts: 14th Congressional; 13th 

Senatorial; 7th Assembly 

. .. COUNTY SEAT, MARKLEEYILLS3 
County Central Info-. County Administrative . . .  

Office Building 916-694-2281 Population: 1,200 I 

. Board.of Supervisors 
Meetings held first and third Tuesdays of each month. 
Franklin F. Jerauld, Dismct 1, Markleeville 
William K..Frieman Dismct 2, Bear Valley 
Stuart P. Merriil, Dismct 3, Markleeville 
Harold Duane, Disuict 4, Woodfords 
Wilton- H. Neddenriep, Disrrict 5, Fredcricksberg 

Chairman not indiczted 

Elected and' Appointed Officials . . 

Assessor, Roger L. Olson . .  
County Clerk, l o a s  6. Chacon,- 
Auditor-Recorder. Barbara Ryan 
Public Works Director, John Haug (A) 
District Attorney-Public Admins~ator.  Henry G..Murdock 

Superintendenr of Schools, Richard Martin 
Treasurer-Tax Collector, Clyde .Brooker 
Planner, Leonard Turnhenugh (A) 
Social Welfare, Roben Eakins (A) 
County Counsel, Henry G. Murdock 
Parks & Recrestion, None 

Public Defender, None 

. 

Sheriff-Coroner, Archie P. Wood, J .  .. 
' ' 

Purchasing Agent, K o n e  . .  

Superior Court Judge 
J. Hilary Cook 

Justice Court Judge 
AIpine Judicial District: Thomas M. Kelly 

AMADOR COUNTY 
Incorporated May 11, 1854 

Legislative Districts: 14th Congressional; 13th ., 

Senatorial; 7th Assembly 
Population: 19,261 

COUXTY SEAT, JACKSON 

Board of Supervisors 
County Central Info: 108.Court Street 209-223-0840 ' 

Meetings held Tuesday of esch.week.at 9 a.m. in 
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Supervisors' Room. 
John C. Begovich. District 1, Jackson 
Myroe D. Qgesto, District 2, Ione 
Fred C. Joyce, District 3, Pine Grove 
Willard W. Summers, District 4, Sutter Creek (Chairman) 
Jon I). Colhurn, Districr 5. Plymouth 

EIecied and Appointed Officials * 
Assessor, Raymond Olivarria 
Coroner, Ronald G. Curran 
County Clerk-Recorder, Sheldon D. Johnson 
District Attorney, Gale Cuneo 
Sheriff, Ronald G. Curran 
Superintendent of Schools, Lawrence Ferdani 
Treasurer-Tax Collector, Elmer G. Evans 
Public Works.Director, Gafy Caldwell 
Planning Director, Gary Clark 
Purchasing Agent, Trevor Mottishaw 
Welfare Director, Janet Lovett 
Public Defender, None 
County Counsel, John F. Hahn. 
Auditor-Controller, John Kirkpatrick 
* Did not indicate .appoinrcd positions. 

s 

Superior Court Judge 

Justice Court Judge 
Martin Ryan 

Arnador Judicial Dimici: Don F. Howard 

BUTTE COUNTY 
Incorporated February 18, 1850 
(Charter Form of Government) . . 

Legislarive Dismcrs: 1st Congressionah 1st Senatorial; 
1st and 3rd Assembly 

Population: N O T  SUBMITTED 
COUNTY SEAT, OROVILLE ' 

County Central Info  25'Countv Center Drive. 95965 
(916) 534-4783 

Board of Supervisors 
County Administrator: Clifton C. Mickelson (A) 

Municipal Court Judge  
Ann H. Rutherford 

Justiea Court Judges 
Biggs Judicial District, Norris Goodwin 
Gridley Judicial District, Steven McNeIls 
Oroville Judicial Disrricr, Brian RLu 
Paradise Judicial District, Brian Rix 

CALAVERAS COBJMTY . . 

Incorporated February 18, 18.50 
Legislative Districts: 14rh Congressional; 13th Senatorial; 

7th Assembly 
Population: NOT SUBMITTED 

COUNTY SEAT, SAN ANDREAS 
No Central County Infoaumber 

Board of Supervisors 
Meetings held every Monday morning of each month in 

Courts and Legal Building 

John J. Lodato, District 1, San Andreas (Chairman) 
Thomas A. Taylor, Dism'ct 2 
Suzanne Kuehl, District 3 
Charles Wistos, District 4 ' . 
J. W. "Wes" Hodgson, District 5, Valley Springs 

Elected Officials* 
Assessor, Charles Clark 
Auditor-Controller, Joann Long 
Coroner, Adolph A. Gualdoni 
County Clerk-Recorder, Nadine Jackson 
Dismicr Attorney, Doughs Mewhianey 
Sheriff, Claud C. Ballard 
Treasurer-Tax Collexor, Marian Hewetr 
Public Works Director, Charles R. Leitzell 
Planning Dircctor, Brenc Harringron 
Purchasing.Agcnc, John Crane 
Social 7elfare Director, Thomas Miller 
Public Defender, William B. Wolfson 
County Counsel, jeffrfrey Tuttle 
'Did nor indicate appointed. pasirions 

Meetings held Tuesday of each week in Superior Court Judge 

Justice Court Judges 

Butte County Administration Building 
Joseph S .  Huheny Alfred J. Saraceni, .District 1, Oroville 

Jane Dolan, District 2, Chico 
Hilda Wheeler, District 3,  Chico (Vice Chairman) 
Bertha Moseley, District 4, Oroville (Chairman) 
Robert Lemke, District j, Paradise 

A 
Calaveras Judicial District, Orrin K. AiroIa 

C8hUSA .COUNTY 
0 Elacted Officials 

Incorporated February 18, 1850 
Legislative Districrs: 4th Congressional; Isr.Senatoria1; 

3rd Assembly 
Population: 13,000 

COUNTY SEAT, COLUSA 
County Central Info: 546 Jay Street, 95932 

916-458-4516 

Assessor, Edwin Brown 
Auditor, James Johansen 
County Clerk-Recorder, Clark A. Nelson 
District Attorney, Will Manly 
Sheriff-Coroner, Larry Gillick 
Superintendent of Schools, Duane Powers 
Treasurer-Tax Cbllector,. Carl Morton 

Boaid of Supervisors 
Meetings held Tuesdays.of eacbweek, IO a.m., Hall 

of Records Bldg., 546 Jay St. 

Superior Court Judges : 
Reginald Wntt, Loyd 11. Muikey. Jr., Lucian B. Vandegrift ' 

0 
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€1. L. Peterson, District 1. Arbuclcle 
Howard Foster, District 2, Colusa 
Floyd Myers Marsh, District. 3, Williams 
T. K. Marshall. District 4, Princeton (Chairman) 
David G. Womble, District 5, Colusa 

' 

Elected and Appointed Qificials 
Assessor, E. Dan OConnell, I11 
Auditor, Robert L. Kessinger 
Coroner-Public Administrator, Eugene P. Moore 
County Clerk-Recorder, Martha Nannen 
District Attorney, William L. Fisher 
Sheriff, Bobby D. McWatters (A) 
Superintendent of Schools, Clinton B. Nielson 
Treasurer-Tax Col!ector, Myles W. Spann 
Public Works Director, Dan. Klar (A) 
Planning Director, Stanley Walker .(A) 
Purchasing Agent, Jadc Lawrence (A) 
Social Welfare Director, Lucy I. Lack (A) 
Public Defenders. Jerre Box, Leo Steidlmayer (A) 
County Counsel, Harold Wilsey, Jr, (A) 
Parks & Recreation Director, None (A) 

.- 

Superior Court Judge 
Richard E. Parton * 

Justica Court Judge. 

Colusi.-Williams Judicial District, AI J. Carrion 

' CONTRAC85TACa3UNTY 
Incorporated February 18, 1850 

Legislative Districts: 7th. 8th (por.), and 9th fpor.) Con- 
gressional; 7th and 9th fpor.) Senatorial; 

10th. 11th and 12th (por.) Assembly 
Population: 6$5,300 

COUNTY SEAT, MARTINEZ 
County Central Info: Courthouse, 415-372-4121 

County Administrator: Melvyrn G. Wingem 

Board of Supervisors 
Meetings held Tuesdays of each month, 

Administration Building. 

0 

~ 

Tom Powers, Disrricr 1, Richmond (Chairman) 
Nancy C. Fahden, District 2, Martinez 
Robert I. Schroder, District 3, Lafayette 
Sunne Wright McPenk, District 4, Concord 
Tom Torlakson, Disrrict 5, Antioch 

^' 

4 
EIected and Appointed BMicials' 

Assessor, Carl Rush 
.Auditor-Controller. Donald L. Bouchec 
County Clerk-Recorder, J a m s  R. Olsson 
District Attorney-Public Administrator, William A. 

Sheriff-Coroner. Richard K. Rainey 
Superintendent of Schools, Richard LaPointe 
Treasurer-Tax Collector, Alfred P. Lomeli 
Purchasing Agent (County Auditor-Controller), 

Public Works Director, J. Michael Walford 

OMalley 

Donald L. Bouchet 

Planning Director, Anthony A. Debaesus 
Health Services, Arnold S. teff ,  M.D. 
Public Defender, Patrick R. Murphy 
County Counsel, John B. Clausen 
Social Services, Robert E. Jornlin 
*Did not indicate appointed positions 

Supsrior Court Judgas 
Richard E. Amason, William R. Channell, Robert J. 

Cooney, David Dolgin, Sam EIal1,Wayne A. Westover, Gary 
E. Strankman, Thomas F. McBride, Martin E. Rothenberg, 
Max Wilcox, Jr., Coleman F. Fannin, E. Patricia Herron, 
Richard L. Patsey, Norman Spellberg 

Municipal Court Judges . 

L. Edmunds, Mark B. Simons, Ellen S .  James 

George Carroll, Thomas F. Curtin 

leci 

acre, Ir., Michael J. Phealn, John C. Minney 

Mt. Diablo Judicial District, John D. Hatzenbuhler, Louis 

Bay Judicial Disrricc Bessie P. Dreibelbis, David W. Calfee, 

Delta Judicial District, Manual C. Rose, Jr., Gerald A. Bel- 

Walnut Creek-Danville Judicial District, Joseph R Long- 

Juvenile Court Referees 
Mark Thomas, D o u g h  T. Corbin - 

+_ 

DEL MORTE COUNTY 
Incorporated March 2, 1557' 

Legislative Districts 2nd Congressional; 2nd Senatorial; 
2nd Assembly 

Population: 18,210 

County Central Info: Courthiuse, Crescent City 
707-264-3101 

Board of Supervisors 
Meetings held first four Mondays of each 

month at 930 a.m. 
Helga Burns; District 1, Crescent City 
Richard Brown, District 2, Crescent City 
Joyce Crockett, District 3, Gasquet 
Dale Rupert, District 4, Crescent City 
Peter Kaufman, District 5, Klamath 
Chairman not indicated 

c0uwi-Y SEAT, CRESCENT CITY 

Elected and Appointed Qfficials 
.Assessor, Gerald Cochran 
County Clerk-Recorder, John D. Alexander 
District Attorney, Robert W. Weir 
Auditor-Controller, William Fullan 
Sheriff-Coroner;G. Thomas Hcoper 
Superintendent of Schools, Arthur Timmer 
Treasurer-Tax Collector. Nadine Finley 
County Counsel, Thomas S. Owen (A) 
Planning Director, Ross Cox (A) 
Public Defender, Vacant (A) 
Purchasing Director, Ellen Brown (A) 
Parks and Recreation Director, Paul Taylor (A) 
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' Superior Court Judge 
Frank S. Petersen 

Justica Court Judge 
Del None County Judicial District, William W. Speer 

EL DOWAD8 603aJNJ'P 
Incorporated February 18, 1850 

Legislative Districts: 14th Congressional; 13 th Senatorial; 
7th Assembly 

population: 56,603 

COUNTY SEAT, PLACERVILLE 
County Central Info: 33@F?ir,Lane, Placerville 95667 

County Administrative Officer: Kent Taylor 

Board of Supervisors 
5 Meetings held Tuesday of each .week. 

2!!pQ2"1?.D 
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Board of Supawisors 
Meetings held Tuesday of each week. 

Harry Huey, District 1, Ftesno 
Sheron Levy, District 2, Fresno 
Bruce Bronzan. District 3. Fresno (Chaiiman) 
Willard H. Johnson, District 4, Fresno 
Jeff Reich, District 5, Fresno 

Elected and Appointed afficials 
Assessor, William C. Greenwood 
Auditor-Controller, Lawfence D. Jernagan 
County Clerk-Recorder, Galen Larson 
District Attorney, Dale A. Blickenstaff 
Coroner-Public Administrator, David M. Hadden, M.D. 
Sheriff, Harold C. McKioney 
Superintendent of Schools, Ernest A. Poore 
Treasurer-Tax Collector, James B. Malmstrom 
Public Works Director, Clinton Berry 
Planning Director, Acting, Robert Bolt 
Social Welfare Director, Ben J. Kelley 
Public Defender, Melvin W. Nitz 
County Counsel, Floyd R. B. Viau 
* Did not indicate appointed positions 

Robert Dorr, Di&ct 1, Placervi-lle 
Patricia Lowe, District 2, South Lake Tahoe 
William P. Walker, Jr., District 3, Placerville f€A&mm+ 

Thomas L. Stewart, District 5,  South Lake T a h o d  CAAirtm) A. Dennis Caeton Hollii G. Best Euaenr W. Krum 
Joseph V. Flynn, District 4,%amino - SuDerior.Court Judges 

... Electsd and Appointed Officials 
Assessor: John H. Thorne 
Auditor, Amelia McAnnally 
County Clerk, Dolores Bredeson 
District Attorney, Ronald Tepp& 
Recorder, Dorothy C a n  
Sheriff-Coroner, Richard F. Pacilm 
Superintendent of Schools, Hazel E. Hoak 
Treasurer and Tax Collector, Elvis R. Ferguson 
Public Works Director, G. Arthur C o n  (A) 
County Counsel, David Whimngton (A) 
Public Defender, Stephen A. Tapson (A) 
Planning Director, Ken Milam (A) 
Purchasing Agent, William Schultz (A) 
Welfare Director, Paul Beman (A) 

Superior Court Judgss 
Charles F. Fogerry, William E. Byme, Terrence M. Finney 

Justice Court Judges 
El Dorado Judicial District, Jerrold L. Wenger 
Georgetown Divide Judicial District, Thomas A. Smith 
Lake Valley Judicial District; L. Eugene Rasmussen 
Placerville Judicial District, Lloyd B. Hamilton 

rmisrm C O L P ~ . ~ T Y .  
Incorporated April 19, 1856 

(Charter Form of Government) 

Legislative Districts: lSth and 17th Congressional;.14th 
and 15th Senatorial; 30thand 31% Assembly 

Population: ~456,500 

COUNTY SEAT. FJ~ESNO 
County Central Info: 2200 Fresno Sr., 93721, 

409-488-3033 
County Administrative Officer: Allan H. Colman 

'Leonard I. Meyers, john Fitch, Blaine.Pehtr, Stephen R: 
Henry, Frank J. Creede, J . ,  Wilbur K. Kessler, Roberr L. 
Martin, Charles F. Hamlin,.Robert Mardiluan, V a c a n ~  

- 
Municipal Court Judgas . ' 

Annette LaRue, Gene M. Gomes, Carl. P. Evans, James 
Ardaiz, Armando Rodriguez, Joan L. McIntosh, Vacant, 
Lemore Schreiber, J0hn.P. Zylka, William Kent Levis, Jr. 
(Court Commissioner), Everen H. Longstaff (Clerk) 

Justice Court Judges 
Caruthers-Fowler Judicial District, Mikio Uchiyama 
Coalinga Judicial Districr, Aubrey H. Seed 
DunlsrcReedley Judicial Districq Charles W. Edwards I . , 

Fireb-ogh-Kerman Judicial District, Dennis R. SCOR 
Kingsburg-Riverdale Judicial District, lames Aaron 
Parlier-Selma Judicial District, Mario G. Olmos 
Sanger Judicial District, no name.suhmined 

GLEBadM COUNTY 
Incorporated March 11, 1891 

Legislative Districts: 1st Congressional; 1st Senatorial;: 

Population: 21,300 

COUNTY SEAT, WILLOWS 
County Central Info: 526 W. Sycamore St., Willows. 

95988, 916-934-3364 

Board of Supervisors 
Meetings held first four Tuesdays'of each month in 

courthouse. 
Stephen Blacet, District 1, Orland 
George A. Edwards, District 2, Orland 
George F. Pride, Districr: 3, Willows 
Jean Rumiano, District 4, Willows 
Keith C. Hansen, District 5,  Glenn 

1st Assembly 
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Elected and Appointed Officials 
Assessor, R. McCulloch 
Auditor-Controller, Joseph W. Sites 
County Clerk-Recorder, Milton E. Walker 
Disrrict Attorney, Robert Maloney 
Public Administrator, Betty Hardcasrle 
Sheriff-Coroner, 'Roger Roberts 
Superintendent of Schools, Ralph L. Herman 
Treasurer-Tax Collector, R. Christina Nelson 
Road Commissioner, Jack Gilmore (A) 
Planning Director, Ed Howard (A) 
WelFare Director, Don Louderhack (A) 
County Counsel, Leonard G. Krup (A) 
Parks Director, Bill @int (A) 

Superior Court, Judge 

Justice Couri Judges 
Roy G. MacFarland 

Orland Judicial District, Roben Trimble 
Willows Judicial District, Bruce H. Thomas 

HUM1801835 COUNTY 
Incorporated May 12, 1853 

Legislative District: 2nd Congressional; 2nd Senatorial; 
2nd Assembly 

Population: 107,000 

COUNTY SEAT, EUREKA 
County Central Info Humboldt County Courrhowe, 1st 

FI., Eureka 

Board of Supervisors 
?deetings held Tuesday of each month a t  9:OO a.m. 

County Administrative Officer: Robert E. Hendrix 

Ervin C. Renner, District 1, Eureka 
Harry Pritchard, District 2. .Formna (Chairman) 
Wesley Cheshro, Dismct 3, Arczta 
Danny Walsh, District .4, Eureka 
Erick Hedlund, District 5, Trinidad 

Eiectad and Appointed Officials * 
Arsessor, Raymond Flynn 
Auditor-Controller, Neil Prince 
Coroner-Public Administrator, Glenn H. Sipma 
County Clerk, Donald Michael 
Disrrict Attorney, Bernie DePaoli 
Recorder, Grace Jackson 
Sheriff, Gene'W. Cox 
Superintendent of Schools, Bill C. Rich 
Treasurer and Tar Collector, Stcphen.A. Srrawn 
* Did not indicate appointed positions 

Superior Court Judges 
Thomas M. Montgomery, Lawrence A. Truitt, John E 
BuKington 

Municipaf Court Judges 
Harold Neville, John Morrison 

Justice Court Judges 
Arcara Judicial Dismct, Ronald D. Rowland 

Fortuna Judicial District, Leslie V. Suprey 
Garberville Judicial District, John R. Morrison 
Klamath-Trinity Judicial District, P. Timothy Murphy 

IflRBER!Ab COUNTY 
Incorporated August 15. 1907 

Leeislarive Districts: 38th Coneressional: 43rd Senatorial: 
Y 

75th A s s e h l y  
Pouulation: S O T  SUBMITTED 
CdUNTY SEAT, EL CENTRO 

County Central I n f o  Courthouse, El Centro 92243 
714-352-3610 

County Administrative Officer: John McClure, 11 

Board of Supervisors 
Meetings held every Tuesday, 9:OO a.m. 

Luis &I. Legaspi, District 1, Calexico 
John Kennerson, District 2, El Centra 
James M. Bucher, District 3, Imperial 
Ahe Seaholt, .District 4, Brawley 
Louis Curiel, District 5 ,  Holwille (Chairman) 

Elected and Appointad Oificials * 
Assessor, Walter Lancaster 
Auditor-Controller. David..A. Titsworth 
County Clerk, Harry M. Free 
District Attorney, Roger Cognata 
Public Administrator, Phyllis J. Roberts 
Recorder, Dolores Provencio 
Sheriff-Coroner, Oren R. Fox 
Superintendent of Schools, HerFert S.  Farrar, Jr. 
Tax-Collector, Leon F. Baker 
Treasurer, Ronald Gene Lemon 
* Did not indicate appointed positions 

Superior Court.Judges 
L. Harold Chaille, Henry Wein, Vacant 

Municipal Court Judges 
Matias Contreras, Robert Fox, William Lehnhardt, Vacant 

INYO COUMTY 
Incorporated March 22, 1866 

Legislative Districts: 18th Congressional; 16rh Senatorial; 
34th Assembly 

Population: 17,200 

COUNTY SEAT, INDEPENDENCE 
County Central Info: 168 N. Edwards St 

Independence 714878-241 1 
County Administrator: John K. Smith 

Board of Supervisors 
rMe.etings held first four Tuesdays of each month. 

H. B. Irwin, District 1, Bishop (Chairman) 
P. D. Cook, District 2, Bishop 
Wilma Muth, District 3, Bishop 
Vernon E. "Johnny" Johnson, District 4, Independence 
Robert Bremmer, District 5.  Lone Pine 

' 
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Elected and A p p o i n t e d  Officials 
Assessor, Jack Clay 
Auditor, Richard Krejci 
Coroner-Public Administrator, Leon Brune 
County Clerk-Recorder, iMsrgaret “Rita” Bromley 
District Atrorney. L: H. Gibbons 
Sheriff, Floyd 0. Barton 
Superintendent of Schools, Janet Watkini 
Treasurer-Tax Collector, John Treacy 
Public Works Director, Harold Callahan 
Planning Director, .Edward J. Hilton 
Purchasing Agent, John K. Smith 
Social Welfare Director, Norman Paulson 

Parks and Recreation Director, James Angelo 
Public Administrator, FranOwen . - 

0 

. 

L Public Defender, Dean Stout 

Did not indicate appointed positions 

Superior. Court Judge 

Justice Court Judge 
Verne Summers 

Donald L. Chapman 

KERN 630UPn-Y 
Incorporated April 2, 1866 

Legislative Districts: 18th Congressional; 15th and 16th 
Senatorial; 

32nd, 33rd. and 34th Assembly 
Population: 400,506 

COUNTY SEAT, BAKERSFIELD . . 

County Central Info Civic Center, 1415 Truxtun 
Avenue, Bakersfield 93301, 805-861-2111 

County Administrarive Officer: .Ronald S .  Holden 

0 
b a r d  of Supervisors 

Meetings held each Tuesday at 1O:OO a.m. 
Gene Tackett, District 1, Delano (Chairman) 
David A. Hend, District 2, Lamont 
Gene Young, District 3, Bakersfield 
Trice Harvey. Districr 4, Bakersfield 
John C. Mitchell, Districr 5 ,  Bakersfield 

Elected and Appointed Officials 
Assessor, Herbert E. Roberts 
Auditor-Controller, Bill J. Jackson 
Coroner-Public Adminismator;.Richard P. Gervais 
County Clerk, Gale S. Enstad 
District Atcorney, Albert M. Leddy 
Recorder, Ray A. Vercammen 
Sheriff, AI Loustalot 
Superintendent of Schools, Dr. Claude W. Richardson 
Tax Collector-Treasurer, John R. Dory 
County Counsel, Ralph B. Jordan 
General Services, Director, Charles H. Bell 
Parks & Recreation, Frank L. Stramler, Director 
Planning Commission, Director, Randa1l.L. Abbott 
Public Defender, Willard L Weddeil 
Public Hedth Officer; Leon M. Hebertson 
Public Works Direcror. L. Dale Mills 

e- 

~ . ~ ~ ~ .  
Purchasing Azent, Thomas W. Keever 
Welfare Director, 0. C. Sills 0 

* Did not indicate appointed positions 

Superior Court Judges 
Robert T. Baca, William A. Stone, Marvin E. Ferguson, 

John D. Jelletich, John M..Nairn, Walter Osborn, Jr.. Gerald 
K. Davis, Lewis E. King. 

Phunicipal Court Judges 
West Kern: Waltcr H. Condley, Henry E. Bianchi, Jack E. 

East Kern: Charles E. Porter, John M. Stanton 
Lund, James G. Bow1e5, Milton A. Elconin. - 

K1MGS COUNTY 
, Incorporated March 22, 1893 

Legislative Districu: 17th Congressional, 1% Senatorial; 
32nd Assembly 

Population- 71,000 

COUNTY SEAT, HATU’FORD 
County Central Info: .Kings County Government Center, 

1400 W. Lacey Blvd., Hanford 209-582-3211 

,Administrative Officer: Milton D. McCoy 

Board of Suparvisors 
PIeetings held ezch Tuesday a t  1O:OO am.. 

Leslie K. Brown, Dismct 1, Lemoore (Chairman) 
Joe Hammond, District 2, Corcoran 
Evon G. Cody, District 3, Hanford 
Daniel “Doyle” Davis, District 4, Hanford 
Ahel J. Meirelles, Distnctfi, Hanford 

. .  

Elected and Appointed Officiais * 
Assessor, Donald B. Drew 
Auditor-Controller, Darrell Warnock 
Coroner-Public Adminismtor, David 0. Moore 
County Clerk-Recorder,.Joan L. Bullock 
Distri-- Anornev. Robert 3. Maline 
SheriL, Donald L. Bengtson 
Suoerinrendent of Schools. Harold H. Gibson 
T;easurer-Tax Collector, Marion Rose 
Public Works Director, Raymond Nielsen 
Planning Director, Charles Gardner 
Purchasing Ageng Earl Ray 
Welfare Director, John T. Neyerlin 
County Counsel, Larry G. McKee 
* Did not indicate appointed positions 

Larry G. McKee, Charles VI. Jennings 

Avena1 Judicial Djsmcr, Martin C. Suits . 
Corcoran Judicial District, Carlos P. Baker, Jr. 
Hanford Judicial District, Timothy S .  Buckley 
Lemoore Judicial District, Manuel N. Vierra 

Superior Court Judges 

Justice Court Judges 

LAKE COUNTY 
- .  Incorporated May 20, 1861 

Legislative Districts: 2nd Congressional: 2nd Senatorial; 
2nd Assembty 

Population: 35,000 
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COiJNTY SEAT, LAKEPORT 

County Central Info: 255 No. Forbes Street, 
Lakeport, 95453, 707-263-2367 

Did not indicate Chairman 

Elected and Appointed Officials 
Assessor, Kenneth M. Stedman 0 County Administrative Officer: Position repealed Auditor-Recorder, Peter J. Ithurburn 
County Clerk, Jacquelyn Fuller 
District Attorney-Public Administrator, Paul DePasquale 
Sheriff-Coroner, Delford L. Gorbet 
Superintendent of Schools, Donald F. Mullaney 

Public Works Director, William D. McIntosh (A) 
Planning/Purchasing Director, Mark A. Totten (A) 
Social Welfare Director, Elyzabeth Layson- (A) 
County Counsel, Dawson Arnold (A) 

Board of Supervisors 
Meetings held Mondays and Tuesdays of each month 

at  9 a.m. in Courthouse 
Howard I). Day, District 1, Lower Lake 
Vacant, District 2, Clearlake Oaks 
Walter C. Wilcox, District 3, Nice (Chairman) 
Ray Couch, District 4, Lakeport 
Jesse Combs, District 5, Kelseyville 

. Treasurer-Tax Collector, Bentrice Price . 

% 

0 

Elected and Appointed Qfficials" 
Assessor, Verdon L. Strong 
Auditor-Controller, Norma J. Barker 
County Clerk-Recorder, Lois R. Hestecberg 
District Attorney-Public Administrator, Robert L. Crone, 

Sheriff-Coroner, Alvie G. Rochester 
Superintendent of Schools, Judith E. Luchsinger 
Tax Collector-Treasurer, Cora L. Taylor 
Health Director, Vacant 
Health Officer, Sidney W. Maurer, Jr. M.D. 
Planning Director, George R. Volker 
Parks & Recreation Director, Eugene P. Collins * 
WelO-e Director, Dana Tryk 
County Counsel, Charles D. Haughton 
Purchasing Agent, Dale Barney 
* Did not indicate appointed positions 

Jr, 

Superior Court Judge 

Justice Court Judges 
Clearlake Highlands Judicial District, Richard L. Freeborn 
Kelseyville Judicial District, Arthur H. Mann 
Lakeport Judicial District, Raymond E. Schaal 
Middletown-Lower Lake Judicial District, Henry E. Morse, 

Upper Lake Judicial District, Anthony P. Bellante 

John J. Golden 

Jr. 

LASSEPI COUNTY 
Incorporated April 1, 1864 

Legislative Districts: !st Congressional; 1st Senatorial; . 1st Assembly 
Population: 18,600 

I COUNTY SEAT, SUSANVILLE 
Central County Info: Courthouse, South Lassen St.. 

Susanville, 96130 
916-257-7191 

Board of Supervisors 
Meetings held 6rst.four Tuesdays of .each month 

at lO:OO, a.m. 
Paul Drake, District 1, Wesnvood 
James L Chapman, District 2, Susanviile 
Harold A. Stoy, Dismct 3, Doyle 
Frank A. Kimberling, District 4, Little Valley 
William Farris, District 5, Susanville 0 

Superior Court Judge 

Justice Court Judge 
Joseph B. Harvey 

Lassen Judicia! District, Donald S. MacIntyre 

LOS ANGELES COUNTY 
Incorporated February lS,, 1850 
(Charter Form of Government) 

Legislative Districrs: 
18th, 20th through 35th. Congressional; 

19th through 33rd, Senatorial; 
34th, 37th through 65th, Assembly 
Population: N O T  SUBMITTED 

COUNTY SEAT, LOS ANGELES 
County Central Info: 500 '#-Temple Sr., Rm. 358, 

Los Angeles 90012, 213-974-1363 

Chief Administrative Officer: Harm L. Hufford 

Board of Supervisors 
Meetings held each Tuesday a t  9 a.m. in Room 381, Hall 

of Administration, 500 W. Temple Street 

Peter E. Schabarum, District 1, Covina 
Kenneth Hahn, Districr 2, Los Angeles (Chairman) 
Edmund D. Edelman, District 3. Los Angeles 
Deane Dana, District 4, Los Angeles 
Michael D. Antonovich, Districr 5 ,  La Canada 

Elected and Appointed Oiiicials * 
Assessor, Alexander H. Pope 
County Clerk, John I. Corcoran 
District Attornev. Iohn K. Van De KamD 
Sheriff, Peter J. Piichess 
Superintendent of Schools, Dr. Stuart E. Gothold 
Treasurer-Tax Collector, Howard B. Alvord 
Planning Director, Norman Murdocb 
Purchasing Agent, H. E. Davis 
Social Services Director. Ed Tanaka 
Public Defender, Wilbur Littlefield 
County Counsel, John H. Larson 
Parks & Recreation Director, Ralph S. Cryder 
* Did not indicate appointed positions. 

Superior Court Judgss 
Harold J. Ackermn. David J. Asenson, Warren D. Allen, 



;I 

CALIFORN 

Gilbert C. Alston, Robert T. Altnian, Richard Amerian, 
Armand Arabian, John A. Arguelles, Frank Baffa, Arthur 
Baldonado, Victor T. Barren, Alfonso M. Bnzan, Els- 
worth M. Beam, Michael Berg, Florence Bernstein, M. 
Ross Bigelow, Ralph A. Biggerstaff, Paul G. Breckioridgz, 
Jr., Richard P. Byrne, Raymond Cardenas, Eli Chernow, 
Raymond Choate, Sam Cianchetti, William R. Clay, 
Mario Clinco, John L. Cole, Barnet M. Cooperman, Jack 
A. Crickard. David F. Cunningham, Vincent S. Dalsimtr, 
\;Varren H. Deering, George M. Dell, Max F. Deutz, Rob. 
err R. Devich, Alfred W. Dibb, Joseph J. DiGuiseppe, 
Burch Donahue, Roosevelt F. Dorn. Norman R. Dowds, 
William Drake,.Rosemary Dunbar, Carroll M. Dunnum, 
David N. Eagleson, Alexander R. Early 111, Paul Egly, 
Norman L. Epstein, D. Sterry Fagan, Robert Fainer, Rob- 
ert Feinerman, Jerome K. Fields, Donald K. Fitzpatrick, 
David N. Fitts, Daniel L. Fletcher, Madeleine I. Flier, 
Vernon 6. Foster, Thomas W. Fredricks, Charles E. Fris- 
co, Hiroshi Fujisaki, Mario L. Fukuto, Richard A. Gad- 
bois, Rafael H. Galceran, Jr.. Kenneth Gale, Francis J. 
Garvey, Bruce R. Geernaert, Ronald M. George, Arthur 
Gilbert, August J. Goebel, Jack E. Goertzen, Samuel 
Greenfield, Gabriel A. Gutierrez, Richard F. C. Hayden, 
Robert J. Higa, Edward A. Hinq Jr., Maurice R. Hogan, 
William P. Hogoboom, Charles M. Hughes, Harry L. 
Hupp, Hampton Hutton, Richard A. Ibanez, James M. 
Ideman, Thomas T. Johnson, Philip E. Jones, Charles E. 
Jones, Edward Y. Kakita, Burton Katz, Daniel Kaufmann, 
William B. Keene, Ernest L. Kelley, James Greeley Kolts, 
Richard G. Kolosrian, Stephen M. Lachs, Richard Lavine, 
Gerald J. Levie, Julius A Leetham, Thomas W. LeSage, 
Leslie W. Light, Charles S. Litwin, Robert B. Lopez, Rob- 
ert H. London, John.A. Loomis, Campbell M. Lucas, El- 
wood Lui. Stanley R. Malone, Jr., Robert !vfallano, Alfred 
2. Margolis, Christian E. Markey, Jr,, Francis.X. Marnell, 
Arthur K. Marshall, Bonnie L. Manin, Albert D. Mat- 
thews, William E. McGinley, William. J. McVittie, Billy 
G. Mills, Lorzn Miller, Jr., Richard Montes, H. Randolph 
Moore, Jr., Dion G. Morrow, Pat blullendore, Aurelio 
Munoz, Thomas C. Murphy, Irwin J. Nebron, Henry P. 
Nelson, Jack M. Newman, Phillip M. Newman, Roy L. 
Norman, Robert C. Nye, Charles H. Older, Lester E. 
Olson, Robert M. Olson., Jr., Jerry Pacht, Harry V. Pee- 
tris, Glenn M. Pfau, George R. Perkovich, Jr., Sheila F. 
Pokras, Florence T. Pickard, Edward Rafeedie, Sara K. 
Radin, Roberta Ralph, William J. Rea, J. Wesley Reed, 
James N. Reese, Earl F. Riley, Everett E. Ricks, Fred 
Rimerman, Gordon Ringer, Laurence J. Rittenband, Rob- 
ert L. Roherson, Mary Goode Rogan, William A. Ross, 
David M. Rothman, Frances Rotbschild, Jack T. Ryburn, 
Philip M. Saeta, Leon Savitch, Charles R. Scarlett, Rich- 
ard Schauer, Robert Schifferman. Thomas Schneider, S. 
S. Schwartz, Bernard S. Selber, Harry T. Sbafer, Henry 
W, Shatford, Betty Jo Sheldon, Huey P. Shepard, John A. 
Shidler, Peter S. Smith, Lillian May Stevens, Peter H. 
Stevens, Robert S. Stevens, Stephen R Stothers. Ronald 
E. Swearinger, Jack W. Swink, Jack Tenner, Dickran LM. 
Tevrizian, Jr., Howard J. Thelin, David A. Thomas, Leon 
Thompson, Julius M. Title, Ricardo A. Torres, Jack B. 
Tso, W. JamesTurpit, Arch R. Tuthill, Car1os.E. Velarde, 
Lawrence C .  Waddingion, J. Kimball Walker, Xancy B. 
Watson, Diane Wayne, Robert Weil, Richard L. Wells. 
Robert A. Wenke, Jacqueline L. Weiss, Jess Whitehill, 
Leonard S. Wolf, Delbert E.Wong, Charles H. Woodman- 
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see, Eric Younger. 

Municiml Court Judces - 
Alhambra Judicial District: Don R. Bercu. John R. Stmton, 

Antelope Judicial District: Ian R. Grant, William H. See- 
Jr,. Carlos A. Uranga 

licke 

Boags, Jill Jakes 
Reverly Hills Judicial District: Andrew J. Weisz. Charles D. 

Burbank J.idicial Districr. Marion E. Guoler, Bernard Kauf- 
man 

Citrus Judicial District: Fred A. Felix, Eugene Osko, Robert 
Young, John L. Nichols, William Robert Mayes, Michael 
B. Rutberg 

Compton Judicial District: Homer L. Garrotr, Hugo E. Hill, 
G. Tom Thompson, Cecil Mills, John H. Leahy, Dean E. 
Farrar 

Culver City Judicial District: Frank W. Troosr, Harold 1. 
Cherness 

Downey Judicial District: Reynaldo Chapparo, Leon Emer- 
son, Richard C. Cumming, F. Lawrence Plotkin 

East Los Angeles Judicial District: Mario P. Gonzales, Man- 
uel QSanz ,  Gilbert R. Ruiz, Benjamin u. Vega 

Glendale Judicial District: Donald K. Fitzpatrick, Joseph R. 
Kalin 

Inglewood Judicial District: Desmond J. Bourke. Wardelf G. 
Moss, Roosevelt Robinson, Jr., John J. Lynch,.Edward M. 
Ross, Kennerh E. Vassie 

Long Beach Judicial District: Carl T. Zeiger, G. W. Dum,  
Elvira S. Austin, Marcus 0. Tucker, Jr.. EugeneJ. Long, 
W. H. Winston, William C. Beverly, Jr. 

Los Angeles Judicial District: Richard A. Adler, Susan E. 
Andelson, Judith M. Ashmnnn, Ernest L. Aubry, Erich 
Auerbach. Glenette Blackwell, Aviva K. Bohb, Michael L. 
Burke, Nancy Brown, Isabel R. Cohen, Candace D. C w p  
er, Robert D. Fratianne, Leila Bul-dn, Martha Goldin, 
Carol Boas Goodson, Sidney Cberniss, James M. Cole- 
man, Edward L Darenport, Gilei Jackson, Brian D. Cra- 
han, Vincent hi. Erickson,'Edward I. Gorman, David A. 
Horowitz, David M. Horowitz, Patti Jo McKay, Barbara 
Jean Johnrm, Harry Mock, Jr., Malcolm H. Mackey, Paul 
Metzler, L.C. Nunley; Ramona L. Godoy Perez, Maurice 
J. Hindin, Rand Schrader, Harold E. Shabo, David Perez, 
Ronald R. Schoenberg, David M. Kennick, Zenopbon F. 
Lang, Abby Soven, Kathryn D. Todd, Rosemary 
Shumsky, Maxine F, Thomas, James P. Natoli, James F. 
Nelson, Marion L. Obera, Everette M. Porter, Morton 
Rochman, Juaneita M. Veron, James E. Saet, Michael T. 
Sauer, Harold J. Sinclair, Sherman W. Smith, Jr., Madge 
S. Watai, Clarence A. Stromwell, James S. Yip, George W. 
Trammel1 111, Mary E. Waters, Glenn A. Wymore, David 
A. Workman, Michael J. Yelovich. 

Los Cerritos Judicial District: Joseph A. Farina, ,James E. 
Pearcie, Richard S. Hanki 

Malibu JudiciaPDistrict: John J. Merrick 
Newhall Judicial District: Adrian W. Adams, Jack B. Clark 
Pasadena Ju'dicial District: Gary Klausner, Samuel L. L3i- 

Pomona Judicial District: Robert Gustaveson, James H. 

Rio Ilondo Judicial District: Jaime R. Corral, Milton Gel& 

Santa Anita Judicial District: John .H. Saunders 
Santa Monica Judicial District: Joseph W. Chandler, Re.x H. 

dig, Mortimer G. Franciscus, John F. Hassler, Jr. 

Piatt, Thomas F. Nuss 

er, J. Gordon rMcNulty, Rudolph A. Diaz 



Minter, Robert W. Thomas 
South Bav Iudicial District: Thomas P. Fove. William R. 

€Iollin&worth, Jr., William G. Willett, Be&nin  Aranda 
111; Ernest M. Hiroshige. Mark Wood 

Southeast Judicial District: John W. 'Bunnett, Porter 
deDubovav. Frank Gafkowski, Ir., fohn R. Hopson. Rus- 

0 
- . -  . .  

sell F* ScLooIing 

Hermo, Patricia 1. Hofstetter, James A. bfcKechnic 
Whittier Judicial District Herbcr J. Adden. Jr,, Alfonso D. 

Justice Court Judga 
Catalina Judicial District, Robert Lafont 

Incorporated March 11, 1893 
Legislative Districts: 15th Congressional; 14th 

Senatorial; 30th Assembly 
Population: 63,078 

COUNTY SEAT, MADERA 
County Central Info: Government Center, 93637 

209474iMll 

Administrative Officer: Donald M. Handly (A) 

Board oi Supervisors 

Meetings held first four Tuesdays of each month. 
Administrative Practices Sessions first four Mondays 

of esch month. 
J. Gordon Kennedy, District 1, Madera 
Alfred Ginsburg, District 2, Chowchilla 
Elmo Del Bianco, District 3, Madera 
Bill Hill, District 4, Ahwahnee 
Wm. Donald Darncll, District 5, Bass Lake (Chairman) 0 

Elected and Appointed Officials 
Assessor, Richard E. Gordon 
Auditor-Controller. Glenn R. Jessing 
County Clerk-Recorder, Evelyn C. Branstetter 
Districr Attorney, David D. Minier 
Sheriff-Coroner, Ovonual Berkley 
Superintendent of Schools, Norman M. Gould 
Tax Collector-Treasurer, Willie A. Neufeld 
County Counsel, Mark Wasser (A) 
Planning Director, Leonard Garoupa (A) 
Public Defender, Lester J. Gendron (A) 
Health and ?rledical Director, James V. L. Bradley (A) . Welfare Director, Janice Edwards (A) 

Superior Court Judge 
Jack L. Hammerberg, Clifford H. Plumley 

.A 
Justica Court Judges 

Chowchilla Judicial District, Howard C. Green 
Madera Judicial District, Victor C. Dahrnan 
Sierra Judicial Districq Kenneth R. Ballard 

0 

Incorporated February 18, 1850 

Legislative Districts: 5th Congressional; 
2nd Senatorial; 9th Assembly 

Population: NOT SUBMITTED 

COUNTY SEAT. SAN RAFAEL 
County Central Info: Civic. Center, San R, *fael 9+903 

NO CENTRAL TELEPHONE SUMBER 

County Administrator: John Barrows (A) 

Board 05 Supervisors 
Meetings held every Tuesday at 9:OO a.m. 

Bob Roumiguiere, District 1, San Rafael 
Barbara Boxer, District 2, Greenbrae 
AI Aramburu, District 3, Tiburon 
Gary Giacomini, District 4, West Marin , 
Gail Wilhelm, District 5, Novato 

Elected Officials. 
Assessor, W. Bruce Shafer 

Coroner, Ervin J. Jindrich 
County Clerk, Peter hieyer 
Disrrict Attorney, Jerry R. Herman 
Recorder, W. Bruce Shafer 
Sheriff, G. Albert Howenstein, Jr. 

Treasurer-Tax Collector-Public Administrator, Joseph A,. 
Coffrini 

Superior Court Judges 
Henry J. Broderick, Peter Allen Smith, E. Warren McGuire, 

Joseph G. Wilson, David Menary, Jr.. Richard H. Breiner 

Auditor-Controller, MichaeI.Mitchel1 . 

Superintendent of Schools, Virgil S. Hollis I 

Municipal Court Judgas' 
Gary W. Thomas, Robert A. Smallman, William H. Ste- 

phens, David R. Baty 

MARIPOSA COUNTY 
Incorporated February 18, 1850 

Legislative Districts: 15th Congressional; 14th 
Senatorial; 30th Assembly 

Population: 11,055 

COUNTY SEAT. MARIPOSA 
County Central Info: Courthouse, 95338 

209-966-3222 

- Board of Supervisors 
Meetings held first four Tuesdays of each month. 

Carroll IS. Clark, District 1, Midpines 
Eugene Dalton, Jr., District 2, Coulterville 
Eric Erickson, District 3,  Hornitos 
William H. Moffitt, District 4, Mariposa (Chairman). 
Gertrude Taber, District 5, Mariposa 

Electad and Appointad Officials * 
Assessor, Steve Dunbar 
Auditor-Recorder, Barbara P. Saye 
County Clerk, Ellen Bronson 
District Attorney-Public Administrator, J. Bruce Eckerson 
Sheriff-Coroner. Paul E. Paige 
Superintendent of Schools, George J. Barendse 
Treasurer-Tax Collector, Don 2. Phillips 
Social Welfare Director. Lois Lewis 
County Counsel, Richard K. Denhalter 
Parks & Recreation Director, Richard BegIey 
* Did not indicate appointed positions 
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Superior Court Judge 

Jus:ice Court Judge 
Dean C. Lauritzen 

Mariposa Judicial Districr, Egon W. Mueller 

ME%DQ’G3MO COUNTY 
Incorporated February 18, 19jO 

Legislarive Districts: 2nd Congressional; 2nd Senatorial; 
2nd Assembly 

Population: N O T  SUBMITTED 

COUNTY SEAT, UKIAH 
County Central Info: Courthouse, Ukiah 

County Adminismator: Albert Belmami 

Board of Supervisors 
Meetings held every Tuesday at 9:OO a.m. in the 

Courthouse. 
Thomas H. Crofoot, .District 1, Ukiah 
Dan Hamburg, District 2, Ukiah 
James (Jim) C. Eddie, District 3, Potter Valley (.Chairman) 
John Cimolino, District 4, Fort Bragg 
Norman de Vall, District 5, Mendocino. 

Elected Officials 
Assessor, Duane K. Wells 
Auditor-Controller, Merydel M. Peterson 
County Clerk-Recorder, Viola N. Richardson 
District Attorney-Publjc Administrator, Joseph D. Allen 
Sheriff-Coroner, Thomas Jondahl 
Superintendent of Schools, Louis G. Delsol 
Treasurer-Tax Collector, Irene Lange 

Superior Court Judges 
Arthur B. Broaddus, Timothy W. 0 3 r i e n  

Justice Court Judges 
Anderson. Judicial District, Richard Kossow 
Arena Judicial District, Vincent Lechowick 
Big River Judicial District; William Lamb 
Little Lake Judicial District, Galen Hathaway 
Long Valley Judicial DismcS Joseph Orr  
Round Valley Judicial District,.Kirk Gustafson 
Sane1 Judicial District, George Lee Nelson 
Ten Mile Judicial District, Robert H. Heeb 
Ukiah Judicial Districr, James Luther 

MERGED COUNTY 
Incorporated April 19, 1855 

Legislative Districts: 15th Congressional; 
14th Senatorial; 27th and 30th Assembly 

Population: 118,783 

COUNTY SEAT, MERCED 
County Central Info: 2222 M Street 209-726-7434 

County Administrator: Clark Channing 
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Roard of Supewisors . 
’ 

Mcerings held Tuesdays at 9:OO a.m. 
Albert E. Bardini, District 1, Merczd 
Ann Klinger. District 2, Merced 
Frederick J. Wack, District 3, Atwater 
Albert E. Goman, District 4, Gxstine (Chairman) 
Pete Casinerio, District 5, Los Banos 

Elected and Appointed Officials a 

Assessor, David Cardella 
Auditor-Controller-Recorder, LeRoy G. Gilsdorf 
Coroner, Kenneth A. Riggs 
Public Administrator, Pat Hallford 
County Clerk, Kenneth L. Randol 
District Attorney, Pat Hallford 
Sheriff, Jess Bowling 
Superintendent of Schools, William Stockurd 
Treasurer-Tax Collector, Norman Fullerton 
Public Works Director, Vern L. Davis 
Planning Director, Robert Petersen 
Purchasing Agent, Sue Traves 
Human Resources Director, Dean Richmond 
Public Defender, John Ellery 
County Counsel. Russell Koch 
Parks & Recreation Director, George Rodrigues 
* Did not indicate appointed positions 

Superior court Judgss 
George C. Barren, 111, Donald R. Fretz, George G. Murray 

Rlunicipal Court Judges 
Robert. M. Falasco, Robert Quall, Keith D. Sharrow 

MQDOC @OlJi\lTY 
Incorporated February 17, 1874 

Legislative Districts: 1st Congressional; 1st Senatorial; 
1st Assembly 

Population: 8,618 

COUNTY SEAT, ALTURAS 
County Central Info:.Courrhouse, Altnras 96101 

916-233-2215 

Board 04 Supervisors 
Meetings held first and third Mondays of each month. 

John 9. Laxague, District 1, Cedarville 
Melvin L. Anderson, District.2, Alturas 
Neal Phillips, District 3 ,  Alruras 
M. W. Jones, District Q, Alturas, -(Chairma) 
Manuel P. Silva, District 5, Tulelake 

Elsctnd and Appointed Officials’ 
Assessor, Franklin R. Lew 
Auditor and Recorder, M. F. “Peggy” Jones 
County Clerk, Iris B. Turner 
District Attorney-Public Administrator, John P. Baker 
Sheriff-Coroner, Lynn E. Harris 
Superintendent of Schools, Gordon L. House 
Treasurer-Tax Collector, Maxine Gloster- 
‘Did nor indicate appointed positions 

Superior Court Judge 
Guy Martin Young. 
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Justice Court Judge - 
Modoc Judicial District, Robert A. Barclay 

0 MONB COUNTY 
I 

Incorporated April 24, I861 
Legislative Districts: 14th Congressional; 13th Senatorial; 

7th Assembly 
Population: 8,500 

COUNTY SEAT, BRIDGEPORT 
County Central Info: Courthonse, Bridgeport 93517 

7 14-932-791 1 

Board of Supervisors 
Meetings held first four Tuesdays of each month. 

Bob Stanford, District 1 (Chairman) 
I'acaot, District 2 
Paul Johnson, District 3 
William M. Reid, District 4 
E. L. Maner, District 5 

Elacted and Appointed Officials" 
Asessor, Daniel L. Bryant 
Auditor-Controller, Myron K. Schlaegel 
County Clerk-Recorder, Renn Nolan 
District Attorney, N. Edward Denton 
Sheriff-Coroner, Marrin Strelneck 
Superintendent of Schwls, Edward J. Inwocd 
Treasurer-Tax Collector, Alan C. Cohan 
Counn, Counsel, Neil B. Van Winkle. 
'Did not indicate appointed positions 

Superior Court Judge - 
Harry R. Robem 

Justice Court Judge 
Mono Judicial District, F. William Murano 

MWONTEWEY COUNTY 
Incorporated February 18, 1850 

Legislative Districts: 16th Congressional; 17th 
Senatorial; 28rh and 29th Assembly 

Population: 275.000 

COUNTY SEAT, SALINAS 
County Central Info: Courthouse, 240 Church St., 

Salinas 93901,408424-8611 

Administrative Officer: Richard Andrew 

Board of Supervisors 
Meetings held every Tuesday at 10 a.m. in Supervisors' 

Chambers, Courthouse. 
Marc Del Piero, District 1, Watsonville 
Barbara Shipnu& District 2, Salinas (Chairman) 
Dusan Petrovic, District 3 ,  King City 
Michd Moore, District 4. Montcrey 
William Peters, District 5, Monterey 

Elected and Appointed Officials" 
Assessor, Donald P. Stewart 
Auditor. Sunley E. Davis 0 

Coroner-Public Administrator, Harvey Hilbun 
County Clerk-Recorder, Ernest A. Maggini 
District Attorney, William Curtis 

,Sheriff, Bud Cook 
Superintendent of Schools, James Stefan 
Treasurer-Tax Collector, Thomas Whire 
Public Works. Director, Bruce McClain 
County Counsel, Ralph Kuchler 
Parks, Pete Soderherg 
Planning Director, Edward W. DeMars 
Social Services Director, Dardell McFarlin 
Public Defeoder, Michael Lawrence 
Purchasing, Chuck Thorsort 
*Did not indicate appointed positions 

Superior Court Judges 
Nat Agliano, Ralph Drummond, Edmund J. Leach, Jr,, 

Harkjoon Paik, William Stewart, D. Richard BareUi, 
Richard Silver 

Municipal Court Judges 
Michael Fields, William Burleigb, Donald Thomas, John F. 

Novinger, William. Moreno, Raymond Simmons, Roberr 
OFarrell 

Justice Court Judges 
Central Judicial District, Alan Hedegard 
Southern Judicial Districc, Howard T. Hudson 

RAPA COUNTY 
1ncorporated.February 18, ISSO 

Legislative Districts: .2nd Congressional; 4th Senatorial; 
8th Assembly 

Popul3tion: 92,918 

County Central Info: Courthouse, .W5S8 
707253448 1 

County Administrator: AlbemJ. flaberger (A) 

Board of Supervisors 
Meetings held second, third and fourrh Tuesdays 

of each month at 1115 First St., Napa 
Sam Chapman, District.1, Napa 
William L. "Bill" Chew, District 2, Napa (Vice Chairman) 
Dowell E. Mam,  District 3, An-gxin 
Harold Moskowite, District 4 (Chairman) 
John J. Mikolajcik, District 5, Napa 

, 

COUNTY SEAT, N-APA . 

Elected and Appointed Officials 
Assessor, George P. Abate 
Auditor-Controller, James H. Marek, Jr. 
County Clerk, Florence W. Cunny 
District Attorney-Public Administrator, James D. Boitano 
Recorder, Eleanor E. Kimbrough 
Sheriff-Coroner, Phillip E. Stewart 
Superintendent of Schools, Floyd E. Seifert 
Treasurer-TLx Collector, Isabelle Burrell 
Public Works Director, Harry D. ha milt on^ (A) 
Planning Director, James H. Hickey (A) 
Purchasing Agent, Albert J. Haberger (A) 
Social Services Director, Virginia Giovanini (A) 
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County Counsel, Stephen W. Hackett (A) 
Parks K Recreation Director, Daryl Nord (A) ' 

Superior Court Judgss 0 Philip A. Champlin. Thomis Konrseaard 

714-834-2000 

County Administrative Officer: Rohert E. Thomas 

Board of Suparvisors 
I I  - .  

Meetings held each Tuesday and .Wednesday at 9:30~a.m. 
in the County Admini~rration Building. 

Roger R. Stanton. District 1, Santa Ana 
Harriett Wieder, D i s t r m .  Garden Grove 
Bruce hestande, District 3, Fullerton 
Ralph B. Clark, District 4, Orange (Chairman) 
Thomas F. Riley, District 5,  Laguna. Beach 

Municipal Court Judges 
W, Scott Snowden, John J. Qigley 

NEVADA .csuDJay 
Incorporated April 25, 1851 

Legislative Districts: 1st Congressional; 1st Senntoriah 
3rd Assemblv . . Elected and Appointed Officials 

Population: 51,SiO 

COUNTY SEAT, NEVADA CITY 
County Central Info: County Courthouse, 95959, 

916-265-2461 

Soard of Supervisors 
Meetings held each Tuesday at 9:OO 3.m. 

IIse Barnhart, District 1, Nevada City (Chairman) 
Robert Wilder, District 2, Grass Valley 
Karsten Hansen, District 3 ,  Grass Valley 
Eric Rood, District 4, Grass Valley 
Pat Sutton, District 5,  Truckee 

Elected and Appointed Officials* 
Assessor, Elton Tobiassen 
Auditor-Controller, Yvonne M. 'Vonah 
County Clerk-Recorder, Bruce C. Bolinger 
Districr Attorney, John Darlington 
Public Administrator, Wayne Brown 
Sheriff-Coroner. Wayne Brown 
Superintendent of Schools, Jerome Hund . 
Tmsurer-Tax Collector, Marcella J. Carson 
Planning Director, Jeff (Ben) Hulse 
Public'Works Director, Terrance Lowell 
Purchasing Agent, Vacant 
Social Welfare Director, Sandra TerreU 
Public Defender, Richard Campbell 
County Counsel, Brian A. Bishop 

Did not indicate appointed positions 

Superior Courr Judges 

Justica Court Judges 
Harold F. Wolters, Frank D. Francis 

h'evada Judicial District, Karen J. Gunderson 
Truckee Judicial District, George Pifer 
Vera Butishauch, Jury Commissioner 

ORANGE COUNTY 
Incorporated March 11, 1889 

Legislative Districts: 34th. 38th. 39th and 40th Congres- 
sional; 35th. 36th. and 37th Senatorial; 69th through 7 4 ~ h  

Assembly 
Population: 1,896,172 

COUNTY SEAT, SANTA ANA 
County Central Info: 20 Civic Center Plaza, 3rd FI., 

Santa Ana, 92701 

Assessor, Bradley L. Jacobs 
Auditor-Controller, V. A. Heim 
County Clerk-Recorder, Lee A. Branch 
District Attorney, Cecil Hicks 
Public Adminstrator-Public Guardian, James E. Heim. 
Sheriff-Coroner, Brad Gates 
Tax Collector-Treasurer, Robert L. Citron 
Superintendent of Schools, Dr. Robert D. Peterson (A) 
General Services Agency Director, Thomas R Egan (A) 
Social Services Interim Director, Richard P. Ruiz (A) 
Environmental Management Agency Director, Murray 

Public Defender, Frank L. Williams (A) 
County Counsel Adrian Xuyper (A) 

Storm (A) 

, , 

Superior Court J.udges 
Robert E. Rickles? Presiding, Walter W. Charamq Robert 

A. Banyard. Lloyd E. Blanpied, J . ,  Luis A. Cardenas, 
Richard J. Beacom, Francisco P. -Briseno, Everett W. 
Dickey,. Frank D. .Domenichini, John L. Flynn, J . .  
George Francis, Robert H. Green, James F. Judge, James 
W. Cook, Kenneth E. Lae, Betty Lou Lamoreaux, William 
S. Lee, Leonard H. McBride, Donald A. McCartin, Bryon 
K. McMillan, ?'hrodore Millar2. William L. Murray, Jer- 
rold S. 0liver;Robert R. Fingeraid, Leonard Goldstein, 
James A. Jackman, J. E. T. Rutter, Harman G. Scoville, 
Mark A. Soden. Alicemarie Stotler, Bruce W. Summer, 
Ronald H. Prenner, James L. Smith, William W. Thom- 
son, Robert C. Todd, John K. Trotter; Jr., James K. Turn- 
er; Raymond F. Vincent. Edward J. Wallin, James 0. 
Perez, Philip E. Scbwah. 

Wunicipal Court Judges 
Central Orange County Judicial District: Karl C. Frank, 

Edward L. Laird, Eugene C. Langhauser, Bobby Young- 
blood, Gary P. Ryan, Barbara Tam Thompson, John H. 
Smith, Jr., John Ryan, Robert Thomas, Alan A. Plaia, 
Richard N. Parslowi J .  

North Orange County Judicial Districr: James J. Alfano, 
Dave Bach, Myron S .  Brown, Linda Hodge McLaughlin, 
Phillip R. McGraw,.Logan Moore, Betty L. Elias, H. H. 
Clark, Comm., Phillip Petty, Robert L. Scbatz. 

Orange County Harbor Judicial District: Donald Dungan, 
Selim. S. Franklin, Calvin P. Schmidt, Frances Munoz, 
Richard Luesehrink, Robert J. Polis, Richard Sullivan, 
Comm., Glenn Mahler. Comm. 

South Orange County Judicial District Blair T. Barnetre, 
John A. Griffin, Richard Hamilton, Martin Heneghan, 
Comm.. 

West OrangeCounty Judicial Districr: Phillip Cox, Ragner 
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R. Engehretsen, Alan N. McRone, Willhm L. Mock, 
Kenneth M. Smith, John H. Wyatt, Jr., Robert A. Knox, 
hiarvin 6. Weeks. Joanne Warrold, Sam Collins, Comm., 
David Kerr, Comm. 

PLACER C88JMTY 
0 

Incorporated April 25, 1851 
Legislative Districts: 1st Congressional; 1st Senatorial; 

3rd Assembly 
Population: 117,293 

.. COUNTY SEAT, AUBURN 
County Central Info: Administration Center, 

175 Fulwei!er Avenue, Rm..401,95603 
916-823-4011 

Executive Officer: Tom Schopflin (A) 

Board of Supervisors 
Meetings held each Tuesday a t  10.00 a.m. 

Rohen P. Mahan, District 1. Xoseville c 
Alex Ferreira, District 2, Newcastle *c 
.Theresa "Terry" Cook, Districr 3, Auburn 
,hlichael "Mike" Lee, District 4, Loomis. (Ghirmmj 
Larry Sevison. D,istrict 5, Tahoe (Xkd2wmn . a r r )  

Electsd and Appoin2sd Officials 
Assessor, Frank R. Chilton, Jr. 
Auditor, Kimbuck Williams, Jr- 
County Clerk-Recorder. Gay Tromhley 
District Attorney, Daniel 1. Higgins 
Sheriff-Coroner. Donald J. N u n s  
Superinrendem of Schools, .Kenneth L. Lonergan 

' Treasurer-Tax Collector, F. Earl Corin 
Planning Director, Thomas McMahan (A) 
Purchasing Agent, Jim Hickman (A) 
Social Welfare, Vacant (A) 
Public Defender, Rohert J. Trombley (A) 
County Counsel, L. J. Dewald (A) 

Superior Court Judges 
J. Richard Couzens (Presiding). Keith F. Sparks, Wayne 

Justice Court Judgas 
Auburn Judicial District, George Yonehiro 
Colfax-Aka-Dutch Flat Judicial District, George Yonehiro 

Lincoln Judicial District, Roben A. Young 
b m i s  Judicial District, Rohert A. Young 
Roseville Judicial District, Howard G. Gibson 
Tahoe Judicial District, RohemA Fugazi 

. Wylie, Richnrd Sims 

- Foresthill Judicial Discrict. Richard J. Ryan 

, 

PLUMAS CQUNTPT 
Incorporated March 18, 1854 

Legislative Districts: '1st congressional; 1st 'Senatorial:. 
1st Assembly 

Popuiation: 17;365 

COUNTY SEAT, QUINCY 
County Cencral'lnfo: P.0. Box 207, G i n c y ,  95971 

916-283-1060 

Board of Supeniisors 
Meetings held first, second and third Tuesdays of each 

month. 
Leonard Ross, District 1. Portola 
Russell H. Papenhausen, District 2, Greenville 
Jessie Wellenbrock, District 3, Chester (Chairman) 
B. A. (Sandy) Prieer, District 4, Meadow Valley 
Bill Coates. District 5, Bhirsden 

Elected and Appointad Officials * 
Assessor, Dow Bettis 
Auditor, Ann Pattan 
County Clerk-Recorder, Ila Diggs 
District Attorney-Public .Administrator, Gerald E. 

Sheriff-Coroner, S. Doug Thomas 
Superintendent of Schools, John V. Malarkey 
Tax Collector-Treasurer, Lois Alexander 
Planning Director, John McMorrow 
Social Welfare, ,Mona J. Green 
Public Defenders, contracts~expired 1/31/81 
County Counsel, Baird McKnight 
Parks and Recreation. John McMorrow 
* Did not indicate appointed positions 

Flanagan 

Superior Court Judge 

Justice C o u h  Judges 
Almanor Judicial District, Roger M. Settlemire 
.Plumas Judicial Districr, Alan H. Thieler 

Stanley C. Young, Jr. 

RWERSiDE COUNTY 
Incorporated March 11, 1893 

Legislative Districts: 36th. 37th and 43rd Congressional; 
34th and 38th Senatorial: 67th, 68th and 75th Assembly 

Population: 594,055 

COUNTY SEAT. RIVERSIDE 
County Central Info: Adminishative Center 4080 Lemon 

Street, 92501, 714787-25G 

Administrative Officer: Rohen J. Fitch 

Board of Supatvisors 
Meetings held each Tuesday at 9:OO a.m. in Administra- 

tive Center. 
Walt P. Abraham, Disrricr 1, Riverside 
Donald L. Schroeder, District 2, Riverside 
Kay Ceniceros, District 3, Hemet (Vice Chairman) 
A. A. McCandless, District 4, Palm Desen (Chairman) 
A. Norton Younglove, District 5, Riverside 

Elected and AppGinPed Officials 
Assessor, Frank C. Seeley 
Auditor-Controller, Howard D. Stephens 
Coroner-Public Adminisrator, William J. Dykes 
County Clerk, Dona1d.D. Sullivan 
Districr Attorney. Byron C. Morron 
Recorder, Donald D. Sullivan 
Sheriff, Bernard J. Clark 
Superintendent of Schools, Don F. Kenny 
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Treasurer 3nd Tax Collector, Donna B. Babcock 
Planning Director, Patricia Nemeth (A) 
Purchasing .Agent, W. G. Henderson (A) 
Public Social Services Director, Paul R. Wiley (A) 
Public Defender, hlalcolm MacMillan (A) 
County Counsel, James 51. Angel1 (A) 
Parks and Recreation Director, Richard Simons (A) 
Road Commissioner/Surveyor, A. E. “Jack”’ h‘ewcomb 

0 
Superior Court Judges 

Gerald F. Schulte, E. Scott Dales. John P. Carroll, Robert 
I[. Garst, J. David Hennigan. John D. McFarland, Ernest M. 
Lopez, J. William ~Mortland, John H. Hews, Richard M. 
Marsh, Fred R. Metheny, Jr., Frank Moore, George G. Gro- 
ver, Vacant, Warren E. Slaughter, Ronald T. Deissler, Rob- 
err J. Timlin 

Municipal Court Judges 
Corona’Judicial District, Charles F. Pendleton, Michael F. 

Flynn. 
Desert Jcdicial District, Phillip R. LaRoccz, Richard H. 

Robinson, James H. Hemin, Noah N. Jamin, Eugene R. 
Bishop 

Mt. Sau Jacinto Judicial District, Fred A. McCarrhy, Robert 
L. Peterson 

Riverside Judicial Districg John H. Barnard, Vacanr, 
George H. Miller, Howard M. Dabney, Roberr D. Ma- 
comber 

Three Lakcs Judicial District, William R Bailey, Jr. 

Incorporated February 18, 1850 
(Charter Form of Goyernment) 

Legislative.Districts: 1st. 3rd, 4th and 14th 
Conmessional: 3rd. 4th and 13th Senatorial: 

L 

t ih,  5th. Qhand 8th Assembly 
Population: N O T  SUBMITTED 

COUNTY SEAT, SACRAMENTO 
County Central Info: 700 H Street, 95814 

916-440-5522 

County Executive: Brian Richter 

Board of Supervisors . 
Meetings held each Tuesday and Thursday at 9 a.m., 

1st floor of the County Administration Building, 
~ 700 H Street. - 

Joseph E. Sheedy, District 1, Sacramento 
Illa Collins, District 2, Sacramento 
Sandra R. Smoley, Districr 3, Sacramento 
Bill Bryan. District 4, Sacramento (Chairman) 
C. Tobias Johnson, District 5 ,  Sacramento 

r 

Officials 
Assessor, William C. Lynch - 
Auditor-Controller, Edgar A. Sayre 
County Clerk/Recorder, James A. Simpson 
District Attorney, E. Herbert Jackson 
Sheriff, Duane Lowe 
Superintendent of Schools, William L. Cunninghsm 
Public Works Director, D. W. McKenzie 
Planning Director, Lance Bailey 

0 
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Purchasing Agent. Andrrw P. Reshke 
Social Welfare Director, Dennis B. Ha= 
Public Defender, Kenneth M. Wells 
County Counsel, Lee Elam 
Parks and Recreation Director, Don H. Nance 

Superior Court Judges 
Carol Miller, Joseph G. Bnbich, John J. Boskovich, Horace 

E. Cecchettini, Robert W. Cole, Joseph A. DeCristoforo, 
Robert Y. Zarick, Eugene T. Gualco, Sheldon Grossfeld, 
William H. Lally, Irving H. Perluss, Lloyd A. Phillips, Jr.. 
Mamoru Sakuma, William A. White, Michaelj. Virga, Fred. 
W. Marler, Jr., John M. Sapunor, William K. Morgan, Rich- 
ard Turtle, Rothwell Mason, Benjamin A. Diaz, A, Richard 
Backus, James T.. Ford, Cecily B. Nyomarky. 

Municipal Court Judges. 

’ 

Dartel W. Lewis, Ronald Tochrerman, Arrhur Eissinger, 
Edward J. Garcia, Peter Mering, Lorenzo Patino, Roger K.-: 
Warren, Lawrence W. Marvin, Jr.. John V. Stroud, Earl 
Warren, Jr., Cathryn Cadis, Allen P. Fields, Leighton 
Hatch, RuJolph Woncke. ’ 

Justice Court Judges 
Elk Grove-Galt Judicial District, James P. Henke 
Walnut Grove-Isleton Judicial District, James A. Gualco 

SAM BEMITO, COUNTY 
Incorporated February 12, 1874 

Legislarive Districts: 16th Congressional; 
11th Senatorial; 24th Assembly 

COUNTY SEAT, HOLLISTER 
County Central Info: Courthouse, Room 206, 

Hollister 95023, 408-637-3786 

Population: 24,910 _ .  

Board of Supervisors I .  

Meetings held first day and first and third Mondays of 
rach month at 930 a.m. inCourthouse 

Frank J. Sabbatini, District 1, Hollisrer 
Enos N. Silva, District 2, San Juan Bautista 
George B. Shore, District 3, Hollister I 

George F. Kincaid, District 4, Tres Pinos, (Chairman) 
Harold Cerrato, District 5, Hollister 

.. 

Elected and Appointed Qfficials . 
Assessor, Arnold R. Fontes 
County Clerk-Auditor-Recorder, Ronald H. Jones 

Sheriff-Coroner-Tax Collector, Julian Medina 
Superintendent of Schools, Robert H. .Bouchard 
Treasurer-Public Administrztor-Tax Collector, Margaret 

Planning Director, Arnold Egger (A) 
Public Works Director. Keith Carlen (A) 
Social Welfare Director, Edward Anderson (A) ’ 

District Attorney. David Pipal . I  

. .  

Orlaine Tavaras 

Superior Court Judge 

Justice Court Judge 
Thomas P. Breen 

San Benito Judicial DiscricL Bernard P. McCullough 
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Incorporated April 26, 1853 
(Charter Form of Government) 

Legislative Districts: 35th. 36th and 37ch Congressional; 
Idrh, 32nd and 34rh Senatorial; 

34th, 65th. 66th and 67th Assembly 

COUNTY SEAT, SAN BERNARDINO 
County Central Info: 175 W. 5th Street, 92415 

714-383-23 11 

Administrative Officer: DID NOT SUBMIT NAME 

Population: 756,000 . 

.- 
Board of Supervisors 

Board meets each Monday at 1O:OO a.m. in 
Civic Center Building 

Robert Older, District 1, Apple Valley 
Cal McElwain, District 2, Upland 
David McKenna, District 3, Redlands 
Robert 0. Townsend, Dismct 4, Chino 
Robert L. Hammock, District 5, San Bernardino (Chair- 
man) 

Elected and Appointad Officials' 
Assessor, Gorden Young 
Auditor, Errol J. Mackzum 
Coroner-Public Administrator, Bill Hill 
County Clerk, Vacant 
District Attorney, A. Rex Victor (Acting) 
Recorder, V. Dennis Wardle 
Sheriff, Frank Bland 
Superintendem of Schools, Roy C. Hill 
Tax Collector-Treasurer, Joe Bell 
'Did not indicate appointed positions 

0 
Superior Court Judgas 

Ben T. Kayashima, Clifton L. Allen, Joseph B. Campbell, 
John Ingro, William Pin Hyde. Richard C. Gamer, Roy 
Chapman, Rex W. Cranmer, Donald R. Egan, Thomas M. 
Haldorsen, Joseph A. Katz, Patrick J. Morris, Don A. Turn- 
er, J. Steve Williams, Kenneth G. Ziebarrh, Jr., Bob N. Krug, 
Charles Bierschbach. Duke D. Rouse, Philip E. Schaefer 

Municipal Court Judges 

Krumm. Dan L. Rankins, Ray L. Craig, David C. Merriam, 

Carl E. Davis, Leroy Simmons, James A. Edwards, Martin 
Hildreth, John W. Kennedy, Jacob H. Jager.. Theo G. 

Donald Van Leuven, Jr., Kenneth Kloepher, Dyson W. Cox, 
Ward 0. Mathews, Wallace L. Taggart, Dana Henry, Carol 
Koppel, H. Trevor Hamilton, Holley Graham. 

Justice Court Judges 
Bear Valley. Judicial District, Robert S .  Drake 
Needles-Calzona Judiciai Districq Jack I. Massey 
Trona Judicial District, Edward L. Heap 

- 

SAN DtEGO COUNTY 
Incorporated February 18, 18SO 

(Charter Form of Government) 
Leeislative Districts: 40th through 43rd Conmessional: 

36rh, 38th through 40th Senzonal; 74th &rough 0 

80th Assembly 
Population: 1,819,292 

COUNTY SEAT, SAX DIEGO 
County Central Info: County Courthouse, 

220 W. Broadway, 92101, 714-236-2121 

Chief Administrative Officer: Clifford W. Graves 

aoard of Supervisors 

Meetings held Tuesday and Wednesday of each week a t  
Room 310, 335 County Administration Building 

Thomas D. Hamilton, Jr., District 1 
Paul W. Fordem, District 2 
Roger E. Hedgecock, District 3 
Jim Bates, District 4 
Paul Eckert, Dismct 5 

Elected and Appointad Officials' 
Assessor, E. C. Williams 
County Clerk, Robert D. Zumwalt 
District Attorney.. Edwin Miller 
Recorder, Vera L. Lyle 
Sheriff, John Duffy 
Superintendent of Schools, Gerald Rosander 
Tax Collector-Treasurer, James E. Jones 
'Did not indic3te.appointed positions 

Superior Court Judges 
Thomas G. Duffy, G. Dennis.Adams, Edward T. Butler, 

Anthony C. Joseph, Wesley B. Buttermore, Jr.. Carlos A. 
Cazares, Norbert Ehrenfreund, Hugo M. Fisher, James L. 
Focht. Charles W. Froehlich, Jr., Don Martinson, Judith 
McConnell. David.M. Gill, Michael I. Grew, Ben W. Ham- 
rick, Gilbert Harelson, Artemis G. Henderson, Joseph A. 
Kilgarif, J. Perry Langford, Daniel C. Leedy, Jack. R Levitt, 
Alpha L. Montgomery, Gerald J. Lewis, F. V. Lopardo, 
Alfred.Lord, William T. Low, Earl H.  Maas, Jr.. James A. 
Malkus, Milton Milkes, GilbertNares. Franklin B. Orfield, 
Paul E. Overton, R a d  Rosado, Robert J. O'Neill, Ross G. 
Tharp, William L. Todd, Jr., Louis M. Welsh, Donald W. 
Smith, Douglas R Woodworrh, Elizabeth N. Zumwalt 

Municipal Court Judges 
El Cajnn Judicial Disrrict: Richard H. Bein, Larrie R. Brai- 

nard, Thomas R. Murphy, Elizabeth A. Riggs, William J. 
Howatt, Jr,. Michael W. Brennan, J. William Beard 

North County Judicial District: Michael L. Burley, Zalman 
J. Scherer, Suzanne W. Knauf, Raymond G. Hall, Luther 
L. Leeger. J. Morgan Lester, Victor E. Ramirn. 

San Diego Judicial District: Earl K. Adams, Richard J. Han- 
scnm, Earl J. Cantos, Robert J. Cooney, Patricia A. Y. 
Cowett, Janet Kintner, Richard J. Curran, Ronald A. 

. Mayo, T. Bruce Iredale, Kenneth A- Johns, Manuel L. 
Kugler, MackP. Lovett, Charles M. Snell, Robert J. Stahl, 
Jr,, Napoleon A. Jones, Jr., Sheridan E. Reed, Lewis A. 
Wenzell, David B. Moon, Jr. 

South Bay Judicial Disrricr: Vacant,. Thomas J. Gilgorea, 
James M. Edmunds, Luftig bfurray, Susan Finley. Traffic 
Referee: Terry Scntr- 

' : 

I 
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C R Y  AND COUMTY OF 
SAN FRAPJC3JSGO 

Incorporated February 18, 1850 
(Charter Form of Governmenr) 

Lcgislative Districts: 5th and 6th Congressional; 5th and 
6th Senatorial; 16th, 17th and 18th Assembly 

Population 667,700 
County Central Info: 415-558-6161 

MAYOR DIANNE FEINSTEIN 

Chief Administrative Officer: Roger Boas 

Board OF Supervisors 
Meetings held every Monday at 2:OO p.m. in the Legisla- 

tive Chambers 
Willie B. Kennedv. District 1 

~I 

Louise Renne, District 2 
Tohn L. Molinari. District 3. (President) 
hancy G. Walker, District 4 
Harry Britt, District 5 
Carol Ruth Silver, District 6 
Doris Ward, Distticr 7 
Wendy h'elder, District 8 

' Lee Dolson. District 9 
Q y n t i n  L. Kopp, District 10 
Dick Honisto, District 11 

Eiected Officials 
Assessor, Samuel Duca 
City Attorney, George Agnost 
County Clerk, Carl Olsen (non-elecdve) 
District Attorney, Arlo Smith 
Public Defender, Geoffrcy Brown 
Sheriff, Mike Hennerisy 
Treasurer, Mary Callihan 
Superintendent of Schools, Robert Alioto (A) 
Planning Director, Dean Macres (A) 
Public Works Direnor, Jeffrey Lee (A) 
Purchaser, Joseph C. Gavin (A) 
Social Welfare, Edwin Sarsfield (A) 

Superior Court Judges 
Raymond J. Arata, Jr., John E. Benson, Ira A. Brown, Jr.. 

Richard P. Figone, Walter F. Calcagno, Victor AM. Cam- 
pilongo, Edward L. Cragen, John E. Dearman, Robert L. 
Dossee, Morton R Colvin, Donald B. Constine, Robert J, 
Drewes, John Ertola, Thomas Dandurand, Daniel M. Han- 
Ion, Donald B. King, Harry Low, Eugene F. Lynch, Law- 
rence S. Mana, Francis W. Mayer, Ollie Marie-Victoire; 
Robert W. Merrill, William Mullins, Claude D. Perasso, Jay 
Pfotenhauer, Henry R. Rolph, Edward E. Stern, Frank W. 
Shaw, S..Lee Vavuris 

Wlunicipai Caurd Judges 
Ira Gyemant, Charles E. Goff, Lucy Kelly McCabe, Frank 

E. Hart, Louis Garcia, Gerald J. O'Gara, Dorothy Von 
Beroldingen, Daniel H. Weinstein, Maxine Chesney, J. 
Dominique Olcomendy, Alex Saldamando, Raymond Wil- 
liamson, Jr., Albert C. Wollenherg, Roy L. Wonder, Perler 
Metks, J . ,  Isahella Grant 

SAM JOAQUlM CaPUiWY 
Incorporated February IS, 1850 

7-75500 
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Legislative Districts: 14th Congressional; 13th Senatorial; 
7th and 26th Assembly 

Population: 302,200 

COUNTY SEAT, STOCKTON 
County Central Info: 222 E. Weber Avenue, Rm. 703 

Stockcon 209-944-3131 

County Administrator: C. E. Dixon 

Board OF Supenrisors 
Meetings held Tuesday of each week at 10 a.m. 

Richard'Yoshikawa, District 1, Stockton 
Doug Wilhoit, District 2, Stockton 
Jose L. Aha, District 3,  Stockton 
George Barber, District 4, Lodi 
Evelyn L. Costa, District 5 ,  Tracy 

Elected .and Appointsd Officials 
Assessor, Robert Shellenherger 
Auditor, PauI'Heuriin 
County Clerk, Ralph W. Epperson 
District Attorney, Joseph H. Baker 
Public Administrator, Susan Patterson 
Recorder, James Johnstone 
Sheriff-Coroner, Frank W. Harry 
Superintendent of Schools, Gaylord A. Nelson 
Treasurer and Tau Collector, John A. Prowse 
Public Works Director, William Ward (A) 
Planning Director, Rohen Hunter (A) 
Purchasing Agent, Jack Delzell (A) 
Social Welfare, Harry Brodie (A) 
Public Defender, Robert Chargin (A) 
County Counsel, Gerald Sherwin (A) ' ' 

Parks & Recreation Direccor, Gene Andal (A) ' ' 

Superior Court Judges 
John F. Cruikshank, Jr., F. Duane Mardn, James P. Dar- 

rah, William L. Dozier,Frank S. Kim, Chris Papas, N o m a n  
C. Sullivan, vacant 

Municipal Court Judges 
Lodi Judicial District: J. Thomas Seibly 
Manteca-Ripon-Escalon-Tracy-Eastern Division Judicial 

Western 'Division: Frank A. Grande 
Stockton Judicial District: Thomas B. Teoford, K. Peters& 

ers, Nels B. Fransen, Ann Marie Chargin, William R. 
Giffen 

District: Donald Asher 

SAM LU3S OBlSSp8 c=ouivw 
Incorporated February 18, 1850 

Legislative Districts: 16th and 19th Congressionaf: 
17th Senatorial; 29th Assembly 

Population: 136,286 

COUNTY SEAT, SAN LUIS OBISPO 
County Central Info: Courthouse Annex, 93408 

805-549-5000 

Couny  Administrative Officer: Donald D. Stilwell 

Board of Supervisors 
Meetings held first four Mdndays of each month 
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Jerry Diefendefier, District 1, Templeton 
Steve Mac Elvaine, Dismct 2, Morro Bay (Chairman) 
Kurt P. Kupper, District 3, San Luis Obispo 
Howard D. Mankins, Disrrict 4, Arroyo Grande 
Jeff Jorgensen, District 5, San Luis Obispo 

Electsd and.Appointad Officials 

. Public Health & Welfare, Charles Windsor (A) 
Parb  & Recreation, Duane !viattison. Director (A) 

Superior Court Judges 
Alan W. Haveny, Thomas M. Jenkins, Allan J. Bollhoffer, 

Robert E. Carey, Melvin E. Cdhn, Walter P. Capaccioli, Lyle 
R. Edson, John J. Bible, V. Gene McDonald, Francis Wil- 
liam Lanam, Robert D. Miller, Frank Piombo, Gerald E. 

0. 
Assessor. Dick Frank 
Auditor-Controller, Fred W. Cusick 
County Clerk, F. M. Cooney 
District Attorney, Christopher Money 
Recorder, William E. Zimarik 
Sheriff-Coroner, George S .  Whiting 
Superintendent of Schools, Earl D. Cornwell 
Treasurer-Tax Collector-Public Administrator, Frank 

Engineer-Surveyor, George Protopapas (A) 
Planning Director, Paul Crawford (A) 
Purchasing Agent, Don Ramsey (A) 
Social Services Director, Thomas Ganw (A) 
General Services Director, Duane P. Leib (A) 

Freitas- 

Superior Court Judges 
William R. Fredman, Harry E. Woolpert, Wickson R. Wool- 

Municipal Court Judges 
Warren C. Conklin, Richard D. Wood, Harold Johnson, J. 

pen, Richard C. Kirkpatrick 

Barry Hammer 

SAN RnA7E.B COUNTY 
Incorporated April 19, 1856 

(Chaner Form of .Government) 

Legislative Districts: 11th and 12th Congressional; 
6th and 10th Senatorial; 18th, 19th, 20th and 

21st Assembly 
Population: 581,700 

COUNTY SEAT, REDWOOD CITY 
Counry Central info: 401 Marshall Street, 

Redwood City 94063; 415-~ 

County Managez David L. 
P 5 l i  

ichols . . 

Board of SUpeNisorS 
Meetings held f inr  four Tuesdays of month at  930 a.m., 

Hall of Justice and Records, 401- Marshall St. 
K. Jacqueline Speier, District 1 
John M. Ward, District 2 (Chairman) 
Edward J. Bacciocco, Jr., District 3 
Arlen Gregorio, District 4 
William J. Schumacher, District 5 

Assessor, Roland Giannini 
Coroner, Paul B. Jensen 
County Clerk-Recorder, Marvin Church 
County Controller, W. J. Bergman, Jr. 
District Attorney, Keith c. Sorenson 
Sheriff, John R. McDonald, JI. 
Superintendent of Schools, William K. Jennings 
Tax Collector-Treasurer, Ross Conti 
Planning Director, Paul Koenig (A) 
Purchasing Agenq Robert Sorensen -(A) 

Electad and Appointed Officials 

Ragan, Zerne Haning, 111 

Northern Judicial District MargaretJ. Kemp, James 0. Mil- 
ler, F. Jose DeLarios 

Southern Judicial District; Wilbur R. Johnson, Gregory 
Jensen, Thomas McGinn Smith, Thomas B. Caldwetl, Ed- 
ward W. Pliska, Phrase1 L. Shdton 

Municipal Court Judges 

~ ~ ~ ~ ~ ~ A ~ ~ A ~ ~ ~ ~ ~ ~ ~  
Incorporated February 18, 1850 

Legislative Districu: 19th Congressional; 
17th and 18th Senatorial; 29th and 35th Assembly 

Population: 284,531 

COUNTY SEAT, SANTA BARBARA 
County Central Info: 105 E. Anapamu Street 

80s-9661611 

Administrative Officer: Larry Parrish 

Board of Supewison 
Meetings held every Monday at 9:30 a.m. in County Ad- 

ministration Building 

Roben E. Kallman, District 2, Santa Barbara 
William B. Wallace, Dismct 3, Goleta (Chairman) 
DeWayne Holmdahl, District 4, Lompoc 
Harrell Fletcher, District 5, Santa Maria 

David M. Yager, District 1. Santa Barbara . .  

Elected and Appointed Officials * 
Assessor, William H. Cook 
Auditor-Controller, Kristi M. Johnson 
County Clerk-Recorder, Howard C. Menzel. 
District Attorney, Stanley M. Roden 
Sheriff, John W. Carpenter 
Superintendent of Schools, Lorenzo Dall’Armi 
Tax Collector, J. Newton Blanchard 
Treasurer-Public Administrator, Glen W. Neikirk 
County Counsel, Kenntth L. Nelson 
Planning Director, Britt A. Johnson 
Public Works Director, .Charles Wagner 
Public Defender, Glen Mowrer, Jr. 
Purchasing Agent, Ray Fann 
Parks Dircctor, Michael H. Pahos 
*Did not indicate appointed positions 

Superior Court Judgas 
Bruce. W. Dodds, Arden T. Jensen, John T, Rickard, 

RoyceR. Lewellen,RobercL.Trapp,Sr., ChartesS..Stevens, 
Jr., L. Donald Boden 

Municipal Couct Judges 
Lompoc Judicial District: %gene ~L. Huseman 
.Santa Barbara-Goleta Judicial District: Arnold D. Gowans, 
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lames M. Slater. ioseDh Lodee Doll. Robert M. Folev. Wavne M. Kanemoto. Gerald 1. Kett- . _  1 

Saita Maria Judicial District: Robert G. Eckhoff, James B. man; Edward J. Nelion, A h  0. Robb, Wiiliam F. grown, 
Jr., Mark E. Thomas, Jr,, Mariam E. Wolff Jennings 

Justice Court Judges 
Carpinteria-Montecito Judicial District, James L. Pattillo 
Solvang Judicial District, Rick S .  Brown 

SANTA CLARA COUNTY 
Incorporated February 18, 1850 
(Charter Form of Government) 

Legislative Districts: loth, l2tb and 13th Congressional; 
loth, 11th. and 12th Senarorial; 2lst-through 25th 

Assembly 
Population: 1,283,013 

COUNTY SEAT, SAN JOSE 
Countv Central Info: 70 W. Heddine St.. San lose 95110 1 ~ . ~~~~ . ~ - ~  ~ 

~~ 

40%- zw-2323 
County Executive: William M:Siegel 

Board of Suparwisors. 
Meetings held every Monday and Tuesday,'930.a.m., 70 

West Hedding St, San Jose 95110 
Suzanne B. Wilson, District 1, San Jose 
Zoe Lofgren, District 2, San Jose 
Dan A. McCorquodale, District 3, San Jose 
Rodney J. Diridon, District 4, San Jose (Chairman) 
Rebecca Morgan, District 5, Palo Alto 

Elected and Appointed Officials. 
Assessor, Alfred Carlson 
County Clerk-Court Executive Oficer; John Kazuhowski 
District Anorney, Louis P. Bergna 
Sheriff, Robert Winter 
Superintendent of Schools, Glenn. W. Hoffman 
Planning Director, Roy S .  Cameron 
Environmental Management-General Services Director, 

Social Services Director, Wesley Jones 
County Counsel, Selby Brown, Jr. 
Parks and Recreation Director, David Christy 
*Did nor indicate appninted.positions 

Paul Yarborough 

- 

Superior Court Judges 
George W. Bonney; James A Wrighr, Bruce F. Allen, 

Peter Anello, George H. Barnett, John A. Flaherty, 0. Vini 
cent Bruno, David W. Leahy, Eugene M. Premo, Lawrence 
F. Terry, James Duvaras, Jr., Takersugu Takei, Stanley R 
Evans, William J. Fernandez, Daniel E. Creed, Peter G. 
Stone, Charles Gordon, John R. Kennedy, John E. Lon- 
ginotti, John S. McInerny, Edward A. .Panelli, J. Barton 
Phelps. Richard W. Rhodes, Marilyn Pestarino Zecher, 
Homer B. .Thompson, William J. Harris, Jr., Thomas C. 
Hasrings, Reed Ambler, Paul R.Teilh, R Donald Chapman, 
Frank Cliff, Conrad L. Rushing, John Srhatz, Jr. 

.Municipal Court Judges 
Nancy Hoffman, Fred S .  Lucero. James W. Stewart,.Jo- 

seph F. Biafore, Jr., Edwin Pearce, Leonard P. Edwards, 
Vacant, Edgar P. Taylor, James B. OGrady, Edward C. 
Scoyen, Tomothy J. Hanifin, R0bert.P.- Abern, Louis C. 

§ANTA' CR UZ GO iJ IYTY 
Incorporated February 18, 1850 

Legislative Districts: 16th Congressional; 
17th Senatorial; 28th Assembly 

Population: 186,873 

COUNTY SEAT, SANTA CRUZ 
County Central Info: 701 Ocean Street. Santa Cruz9j060 

408425-2175 

Acting County Administrative Officer: George T. Newell 

Board of Supervisors 
Meetings every Tuesday a t  9:OO a.m. 

D. Dan Forbus, District. 1, Santa Cruz 
Robley Levy, District 2, Aptos 
Gary A. Patton District 3, Santa CNZ (Chairman) 
E. Wayne Moore, Jr., District 4, Warsonville 
Joseph F. Cucchiara, District.5, Santa Cruz 

Assessor, Robert C: Petersen 
Auditor-Controller, Arthur Merrill 
County Clerk-Recorder, Richard C. Neal 
District Attorney-Public Administrator, Arthur Darner 111 
Sheriff-Coroner, Alfred F. Noren 
Superintendent of Schools, Richard H. Van Deren 
Treasurer-Tax Collector, Williem .P. Murphy 

Elected Officials. . 

Superior Court Judges 
Harry F. Brauer, Christopher C. Cottle, Roland K. Ha4. 

Donald 0. May 

Municipal Court Judgas 
Santa Cruz Judicial Disnict: William M. Kelsay, Richard W.. 

Kessell, john A. Marlo, Richard J. McAdams 

SHASTA GCsUNTY 
. Incorporated February 18, lS50 

Legislative Districts: 1st Congressional; 1st Senatorial: 

Population: 94,429 

COUNTY SEAT, REDDING 
County Central Info: 9115246-5631 

County Executive: Bill G; Minton (A) 

Board of Supervisors 
Meetings held on each Tuesday in the Board of 

Supervisors Room, Courthouse. 
Stephen C. Swendiman, District 1, Redding 
John Strange, District 2, Redding 
John R. Caton. District 3, Montgomery Creek (Chairman) 
Don C. Maddox, District 4, Redding 
R. D. "Dan" Gover, District 5, Cottonwood. 

1st Assembly 

Elected'and ApRointed Qfiiciais 
Assessor, Virginia A. Lobs 
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Anditor-Controller, Edward B. Davis 
County clerk, Richard C. Brennan 
Distrct Attorney, Skip Teacher, Acting 
Public Administrator and Coroner, Joseph W. Kohn 
Recorder, Marjorie A. Kivley 
Sheriff, John Balma 
Superintendent of Schools, Dean Dennetr 
Treasurer-Tax Collector, Jacque C. Williams 
Public Works Director, Richard Curry (A) 
Planning Director, Joe Hunter (A) 
Purchasing Agent, Bill G. Minton (A) 
Welfare Director, Marian Babiarz (A) 
County Counsel, John S. Kenny (A) 
Recreation Commission, Larry Preston, Secretary (A) ' 

Superior Court Judges 

klunicipai Court Judge 
Richard W. Abbe, William H. PEelps,Joseph H. Redmon 

Donald R. Kennedy 

S4SKBY8W 6013NTY 
Incorporated March 22, 1852 

Legislative Districts: 1st Congressional; 1st Senatorial; 

Population: 39,500 

COUNTY SEAT, Y R E U  
County Central Info: 311 4th St., Yreka 96097 

916-812-353 1 

County Admiaistrator: Richard Sierck 

Board of Superarisors 
Meetings held second and fourrh Tuesdays of each month 
Norma Frey, District 1, Tulelake 
Philip Manos, District 2, MI. Shasta 
Mike Belcastro, Dismct 3, Weed 
James Steinhaus, District ?, Yreka 
Vernon Zink, District j, Etna (Chairman) 

1st Assembly 

Justice Court Judgas 
Anderson Judicial Districq Richard A. McEgchen 
B w e y  Judicial Disuicr, Larry J. Frnmes 
Central Valley Judicial Dismct, William R. Lund, Jr. 

Elected and Appointad Officials' 
Assessor, Donald Carey 
Auditor-Controller-Recorder, P. K. Bley 
County Clerk, Norma Price 
District Attornev-Public Administrator. Steven B. Plumer 

lncorporatcd ~ p r i l  16,1892 

Legislative Districts: 1st Congressional, 1st Senatorial; 
3rd Assembly 

Population: NOT SUBMITTED 

C O U N n  SEAT, DOWNIEVILLE 
County Central Info: 916-289-3271 

Board of Sucenrisors 
Meetings held in Courthouse on first and third Tusdays 

of each month 
Harold L Pratt, Disuict 1, Downieville 
Earl Withyeombe, TI, District 2, Sierra City 
George Filippini, District 3, Loyalton 
Bison S. Robinson, District 4, Loplton (Chairman) 
Charles E. Wilmoth, Dismct 5, Loyalton 

AssesMr. William G. Copren 
County Clerk-Auditor-Recorder, Georgie M. Peterman 
Districr Anorney-Public Administrator, James Dreman 
SheriffCoroner. Albert E. Johnson 
Superintendent of Schools, Charles Best 
Trmer-TaT Collector, Marian R Lavazola 
Public Works Director, Johnny Conaway 
Plnnning Direcmr, Tim H. Beak 
Welfare Dirmor,  Connie J. Bennett 
Public Defender, David VanNnte 
County Counscl, Vacant 
'Did not indicste appointed positions 

John F. Keane 

E i m t s d  and Appointed Officials' 

- 

Superiar Court Judge 

Justice Court Judge 
Sierra Judicial District William G. Brigance 0 

Sheriff-Coroner,.LaureDce E. Taylor 
Superintendent of Schools, Robert A. Dais 
Tax Collector-Treasurer, Lillian Durkec 
Public Works Director, David Gravenkamp. 
Planning Director, David Hedberg 
Purchasing Agent, R ida rd  Sierck. 
Social Welfare, W. M. VanOver 
Public Defender, Lillian Durkw 
County Counsel, Frank .DeMarco 
'Did not indicate appointed positions- 

James E. Klcaver 

Dorris-Tulelake Judicial District, David Otis 
Dunsmuir-Mt. Shasta Judicial District, Howard E. Jones 
McCloud Judicial District, Chris Stromsness 
Shasta Valley Judicial District, Ross Bigler 
Western Judicial District, George G. .Tyler 

Superior Court Judga 

Jostice.Cour: Judges 
. 

Incorporated February 18, 1850 

Legislative Dismctx 4th Congressional; 2nd and 4th 
Senatorial; 4tkand 8th Assembly 

Popdatiom 208,300 

COUNTY SEAT, FAIRFIELD 
County Central Info:. Hall of'Justice, Fairfield 94533 

707-+294412 

Adminismtive Officer: David Balmer 

Board of Suparvisors 
Meetings held every Tuesday a t  9:OO a.m. in Courthouse. 

Osby Davis, District 1, Valfejo 
John Cunningham, District 2, Vallejo 

I .  



*’ . CALIFORNIA ROSTER 101 

Joan R. Iiewitt, District 3 ,  Fairfield 
Wallace W. Brazrlron, District 4, Vacaville 
Richard Brann, District 5,  Rio Vista (Chairman) 

Electad and Appointad DWrcials’ 
Assessor, Gordon Gojkovich 
Auditor-Controller, Anthony A. Knlamams 
Coroner and Public Administrator, James E. OBrien 
County Clerk, Pieil Crawford 
District Attorney, Neal P. McCaslin 
Recorder, Ronald J. Azevedo 
Sheriff, Albert M. Cardoza 
Superintendent of Schools, James Chadbourne 
Acting Tau Collecmr, Virginia Ryan 
Treasurer, Bobby D. Stow 
*Did not indicate appointed positions 

Superior Court Judges 
Thomas N. Healy, William E. Jensen, Michael 2. 

McInnis, Ellis R.Randall, Dwight C. Ely 

Municipal court Judgss 
Northern Solano Judicial District: John A. DeXondc, C u d s  

Vallejo-Benicia Judicial Districc Richard J. Swan, Paul 

Justice Court Judges 

G. Singleton, Richard M. Hams 

Dacey 

Rio Vista Judicial District, Donald L. Balding 

SONBMA C:BUP?ITY 
Incorparared February 18, 1850 

Legislative Disuim. 2nd and 5th GaugTessionak, 
2nd and 4th Senarorial; 2n4  8th and 9th Assembly 

Population: N O T  SUBMITTED 

COUNTY SEAT, SANTA ROSA 
Counv Central Info 575 Administration Drive, 

Santa Rosa 95401 
707-527;2941 

County Administrator: Lconard Whorton 

Board of Supervisors 
Meetings held every Tuesday, 

Administration Building, 2555 Mendocino Avc. 
Robert “Bob” Adams, District 1, Santa Rosa 
Helen Pumam, District 2, Petaluma 
Helen Rudee, District .3, Santa Rosa 
Nick Esposti, Dismct 4, Santa Rosa 
Ernest “Ernie” Carpenter, District 5,  Sebastopol 

Elected and Appointed Offficiais 
Assessor, Ernesr Comalli 
Auditor-Controller. S .  Robert “Bob” Conner 
County Clerk, Eeve T. Lewis 
District Anorney-Public Administraror, Gene Tunney 
Recorder,,Bernice A. Peterson 
Sheriff-Coroner, Roger McDermott 
Superintendent of Schools, Dr. Walter A. Eagan 
Treasurer-Tax Collector, Donald W. M e n  
County Counsel, James Boa  (A) 
Public Defender, Marteen Miller (A) 

0 ’ 

- 

~e 

Purchasing Agent, Alfred P. Wocd (A) 
Parks Director, Joseph D. Rodota (A) 
Welfare Director, Paul M. Allen, Jr. (A) 

Superior Court Judgas 
Kenneth M. Eymann, John J. Gallagher, R. Brian Jamar, 

Rex H. Sater, Joseph P. Murphy, Jr., William B. Boone 

Sonoma County Judicial Districu Lawrence “Gary” 
Antolini, Raymond Gio’rdano, Frank J. Passalacqua, 
Raymond Byme, William Berrinelli 

Pdlunicipal Coue Judgas 

srmismus COUNTY. . 

Incorporated April 1, 1854 

Legislative Districts: 14th and 15th Congessioml; 
13th and 14th Senatorial; 26th and 27th Assembly 

Population: 265,671 

COUNTY SEAT, MODESTO 
County Central Info: 209-5264ll 

Chief Administrative Officer: Cardner L. Hntchim 

Board ~f Supervisors 
Meetings held every Tuesday, Board Chamben, 
County Adminimtion Bldz., 11W ”ET” Street 

Dan Terry, District 1, Waterford 
Rolland C. Starn, District 2, Hughson 
William C. Ulm, District 3, Modesto 
Raymond Clark Simon, Dismct 4, Modesto 
Gary Condit, District 5, Ceres 

Assessor, David W. Triplerc 
Auditor, Robert E. Hubbard 
County Clerk-Recorder. Dwayne E, LilIy 
District Attorney, Donald N. Stahl 
Sheriff-Coroner, Lynn.S. Wood 
Superintendenr of Schwls, John B. Allard 
Treasurer-Tax Collector, F. L. de Camp 
County Counsel, Gilberr Boyne (A) 
Public Defender, Dallas J. Cole (A) 
Public Work? Director, Richard G. Barhite (A) 
Planning Director, Barter R. Bruch (A) 
Purchasing Agcnc, Richard T. Lang’ (A) 

Elsctari and Appoint& Officials 

Parks and Recreation, William L. Tiernan (A) . .  

Superior ~ o u r t  ~ud‘ges 

Gerald V. Underwood, Hugh Rose, E& Norman S.  Reid 

Municipal CourtJudges 
Stanislaus Judicial Dinricu Edward M. Lacey, J., Carson 

€4. Taylor, Charles V. Stone, Donald B. Cantwell, Eugene 
M. Azevedo, J. Augustus Accurso, Charles E: Aguilar 

Jeremy C. Cook, Francis W. Halley; Frank S.  Pierson,. ’ 

. .  

SLBnEW COUMW 
Incorporated February 18, 1850 

Legislative DismcU: 4th Congressional; 1st Senarorial;’ 
3rd Asemhly 

’ Population: 52,000 
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COUNTY SEAT, YUBA CITY 

County Central Info: 4 6 3  2nd Street 
Yuba City 95991 0 916-673-5140 

County Administrative Officer: Ronald H. Piorek 

Board of Superwisors 
hketings held Tuesday of each week at  9:30 3.m. 

Allen k Eager, District 1, Live Oak 
Joseph A. Benatar, District 2, Yuba City (Chairman) 
Mary Knapp, District 3 ,  Yuba City 
Roger C. Chandler, District 4, Yuba City 
Richard Withrow, District 5, Pleasant Grove 

' 

*. - 

Elec t~d  and Appointad Officials* 
Assessor, Gerald F. Allen 
Auditor-Controller, Clifford Wetherbee 
County Clerk-Recorder, Lonna B. Smith 
District Attorney and Public Administrator, H. Ted 

Sheriff-Coroner, Roy D. Whiteaker 
Superintendent of Schools, William E. Robinson 
Treasurer-Tax Collector, Louvena Emery 
Planning Director, Richard King - 
County Counsel, Darrell Larsen 
Publtc Defender, Roy J. Van den Heuvel 
Parks and Recreation, Milton B. Skaggs 
Welfare Director, David Biggers 
'Did not indicate appointed positions 

Hansen 

Superior Court Judges 

Municipal Court Judge 
Robert W, Steel, Terence J. Keely 

Sutter Judicial Dismct: Timothy J. Evans 

0 
TEHAMA COUNTY 
Incorporated April 9, 1856 

(Charter Form of Government) 
Lefiislative Dismcts: 1st Congressional; 1st Senatorial; - 

1st Assembly 
Population: 38,876 97 

COUNTY SEAT, RED BLUFF w' 
County Central Info: P. 0. Box 250, Red Bluff 

Baard of Supervisors 
Meetings hzld each Tuesday 

Judi H. Johnson, Dismct 1, Red Bluff 
Russ Frey, District 2, Red Bluff 
Barbara V. Crowley, District 3 ,  Red Bluff 
Bill Flournoy, District 4, Corning 
Burton Bundy, District 5, Gerber 

Assessor-Tax Collector. Robert L. Risberg 
Elected and Appointad OfffCialS' 

Auditor, Jimmie L. Hinkle 
Coroner-Public Administrator, Andrew D. Ward 
County Clerk-Recorder, Floyd A. Hicks 
District Attorney, William 0. Scott, Jr. 

Superintendent of Schools, Louis J. Bosetti 
Treasurer, Doris J. Forward 
Putchasing Agent, Floyd A. Hicks 
Welfare Director, Del Skillman 
Planning Director, Roberr McCullough 
Health Officer, A. H. Meuser, M.D. 
'Did not indicate appointed. positions . 

I Superior Court Judge 

Justice Court Judges 
Noel Watkins 

Corning Judicial Disyict, Richard E. Hultgren 
Red Bluff Judicial District, Dennis Murray 

TRlNlTY COLIMTY .- 

Incorporated February 18, 1850 
Legislative Districts: 1st Congressional; 1st Senatorial; 

Population: 10,001 

COUNTY SEAT, WWVERVILLE 
County Central Info: N O T  SUBMITTED 

Board of .Supervisors 
Meetings held every Monday of each month. 

1st Assembly 

Richard J. Austin, District 1, Lewiston 
Roger W. Adian, District 2. Weaverville 
Ralph R Modine, District 3, Hayfork. 
Irvin "Jim" Smith, District 4, Junction City (Chairman) 
Donald A. Straw, District 5, Zinia 

Elected and Appointed Officials* 
Assessor, M. L.."Red" Wells 
Auditor-Controller, John D. Larkin 
Coroner-Public Administrator, George Files. 
County Clerk-Recorder, Barbara M. Rhodes ' . 
District Arrorney, Ronald Barbatoe 
Sheriff, Tom L. Kelly 
Superintendent of Schools, Robert C. Gravetre 
Treasurer-Tax Collector, Magdalene K. Stone 
Planning Director; Jeff Shields 
Social Welfare Director, Ruby Gimlin 
Public Defender, James J. White, William R. Neil1 
County Counsel, Ronald Barbatoe 

Did nor indicate nppointed positions 

Superior Court Judge 

Justics Court Judge 

TUMRE COUNTY 

Harold. Underwood. 

Trinity Judicial Distnct, John L. Loomis. 

Incorporated April 20, 1852 

Legislative Districrs: -17th and 18th Congressional: 
15th Senarorial; 3 1st and 32nd.Assembly 

Population: 224,700 

COUNTY SEAT, VISALIA 
Cnnntv Central Info: Civic Center. Visalia 93277 ------, ~~ 

Executive Officer: James E. Williams (A)  0 Sheriff, Ron Koenig 
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Board of Supervisors 
hleetings held each Tuesday 

Clyde Gould, District 1, Porrerville (Chairman) 
John Conway, District 2, Tulare 
Delores E. (Lori,) Mangine, District 3, Visalia 
LeRoy Swiney. District 4, Dinuba 
Raymond J. Muller, District 5 ,  Terra Bella 

Bscted Officials 
Assessor, Lawrence M. Nichols 
Auditor, Thomas C. Login 
County Clerk-Recorder, Jay C. Bayless 
District Attorney-Public Administrator, William 

A. Richmond , I 

Sheriff-Coroner, Bob Wiley 
Superintendent of Schools, W. Dean Halt 
Treasurcr-Tax Collector, C. Ralph Howard 

Superior Court Judges 
David L. Allen, Jay R. BaUantyne, Nathaniel 0. Bradley, 

Kenneth Conn, Edward Kim, William Silveira, Jr. 

Municipal Court Judges 
Visalia Tudicial District: Robert C. Van Auken. Robert E. 

Bradlrreet 
Portcrville ludicial District: Richakd ThomDson 
Tulare-PixGy Judicial .District Walter L. dorelick 

Justics Court Judges 
Dinuba Judicial District, Stephen Drew 
Exeter-Famemille Judicial Dismct, Freddie McKenzie 
Lindsay Judicial District, J. Patrick Sullivan 
'Noodlake Judicial District, Chris J. White- 

Incorporated February 18, 1850 
Legislative Districts: 14th Congressional; 13th Senatorial; 

7th Assembly 
Population: NOT SUBMlTTED 

COUNTY SEAT. SONORA 
County Central Info! 2 So. Green St., Sonora 95370 

209-533-5S11 
Administrative Officer: Steven C. Szalay (A) 

Board ci Supervisors 
Meetings held on Tuesday of each week in courthouse 

Mildred Filiberri, Disrrict 1 (Vice Chairman) 
Sidney Hatler, District 2 
Billy H. Marr, District 3 (Chairman) 
Clyde W. May, District 4 
William C. Davidson, District 5 

Elected and Appointed Officials 
Assessor, David Wynne 
County Clerk-Auditor-Conrroller, Robert W. Andre 
District Attorney, Eric L. DuTemple 
Recorder, Jeanetce Ghiorso (Acring) 
Sheriff-Coroner, Wallace Berry 
Superintendent of Schools, Orville Millhollin 
Treasurer-Tax Collector, John A. Nicolini (A) 

Planning Director, James hruzum (A) 
Social Welfare, Clifton T. White (A) 
Counry Counsel, Stephen Dietrich. Jr- (A) 
Recreation Director, Leon Casas, Jr. (A) 

Superior Court Judga 

Jusrice Court Judgas 
The0dore.R Vilas 

First Judicial District, Alan Ellis 
Second Judicial District, Vivian @inn 
Third Judicial Districr, Thomas Pamngton 
Fourth Judicial District, Alan E. Ellis 
Fifth Judicial DistricS Kent Grunewald. 

VENTLSRACOUNTY 
Incorporated March 22, 1872 

Legislative Districrr;: 19th and 20th Congressional; 
18th and 19th Senatoriak 36th. 37th and 38th Assembly 

Popularion: 488,900 

COUNTY SEAT, VENTUS. 
County Central Info: County Government Center. 

800 South Victoria Avenue, Ventura 93009 

Counry Executive: Richard Wittenberg- (A) 

Board of Supervisors 
Meetings held each Tuesday at  8:30'a.m. in Courthouse 

Susan K. Lacey, District 1 ~ 

Edwin A. Jones, Districr 2 

James Dougherty, Disrrict.4 
John K. Flynn, District 5 

Assessor, Jack M. W a r m a n  
Auditor-Controller, Norman H a w k s  
County Clerk and Recorder, Robert L Hamm 
District Attorney. Michael D. Bradbury 
Sheriff, A1 Jalaty ' 

Superintendent of Schools, Dr. James F. Cowan 
Tax Collzctor-Treasurer-Public Administrator, Rohem-G. 

Superior Court Judges 
Lawrence Storch, Jerome H. Berenson, Bruce A. 

Thompson, Marvin. H. Lewis, Ben F. Ruffner, Robert L. 
Shaw, Kenneth Cleaver, Steven J: Stone; Charles R. 
McGrath, William L. Peck 
Court Commissioner, Roland N. Purnell, Juvenile Courr 
Referee, Henry.F. Flitt. Sr., Referee, John Sullivan 

Municipa1,Court Judges 
Albert T. Blanford, Lee E. Cooper, BuRM. Henson, John 

J. Hunter, Richard D. Love, Edwin M. Osbome, Frederick 
A. Jones, Bruce A. Clark, Joe D. Hadden; Robert J. Soares 

Maggie Erickson, District 3 . .  

Elacted Officials 

Branch 

Incorporated February 18, 1850 
Legislative Districm 4th Congressional; 4th Senatorial; 

4th Assembly 
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Population: 106,000 YUBA COUNTY 
COUNTY SEAT, WOODLAND ._ - 

Counry Czotral Info: 725 Court Street, Woodland 95695 
916666801 1 

County Executive: David D. Rowlands, Jr, (A) 

Board of Supervisors 
Meetings held every Tuesday a t  9:OO a.m. 

Clark H. Cameron, District 1, West Sacramento 
Robert N. Black, District 2, Davis (Chairman) 
George P. DeMan, District 3, Bryte 
MIS. .Betsy A. Marchand, District 4, Davis 
TwyIa S. Thompson, District 5, Yo10 

4 

Elactad and Appointed dfficials 
. .  Assessor, Malcolm A. Nicolson 

Auditor-Controller, Arthur M. Heasley 
County Clerk-Recorder, Peter C. McNamee 

, Dismct Attorney, Richard L. Gilbert 
Public.Adminisuaror-Guardia~~.Elma E. Novelli, . .  Jr, 
Sheriff-Coroner, Ronald. E. Whitehead 
Superintendent of Schools, Jack L. Potter 

' Treasurer-TLx Collector, John L. Dahler . 
County Counsel, Charles R. .Mack (A) 
Health Director, Dr. Oris B. Cobb, M.D. (A) 
Public Defender, Rudolf H. Binsch (A). 
Public Works Director, Lloyd Roberts (A) 
Welfare Director, John R. Vera (A) 
Purchasing Officer, George R. Jacob (A) ' 

Superior Court Judges 
Harry Albright Ackley, James F. Roach, Warren K. Taylor 

Municipal Court Judges 
Charles A. McGnhan, Jr., Joseph A. Martin, Clarence 

' 

Walden 

Incorporated Eebrnary 18, 1850 
Legislative Districts: 1st Congressional; lsr Senatorial; 

3rd Assembly 
Population: 45,872 

COUNTY SEAT, MARYSVILLE 
County Central Info: Courthouse, 215 5th Street, 

Marysville 95901 
916-743-15 11 

Board O? Supervisors 
Meetings held every Tuesday at 9:30 a.m. 

' 

George Deveraux, District 1, Marysville 
John Dower, District 2, Marysville (Chairman) ' 
Charles Center, District 3, Olivehurst 
Douglas Wala, District 1, Wheatland . 
Charlie Parker, District 5, Brownsville 

Assessor, Pat 'Bluett 
Auditor, Dean E. Sellers 
County Clerk-Recorder, Frances J. Fairey 
District Attorney, Thomas Mathews 
Sheriff-Coroner, Bob Day 
Superintendent of Schools, Victor T. Pulsifer 
Treasurer-Tax Collector, James Kennedy 

Did not indicate appointed positions 

Charles C. Dawson,Jr., Richard A. Schoenig 

Elected and Appoiniad Oif/ciats" 

.. 

Superior Court Judges 

Municipal 6&rt Judges 
Marysville Judicial DistricS Donald K. Wahlberg 
Wheatland Judicial District, James Dawson 



L 

CALIFORNIA ROSTER 

CAkiWRMBA MARSHALS A N D  CONSTABLE3 * 
(as lisiad by county) 

Iameda County 
Frank Madigan, Marshal and Constable of all Alameda 

Joseph Shelton, Constnble, Pleasanton 
County hlunicipal and Justice Courts 

5 .  Alpine County 

r; Amador County 
1 -. .4ngelnJ. Casazza, Constable, Jackson 

i Buns Count./ p 

* 
< 
i F. Sickels, Constable, Oroville 

Colaweras County 

Edwin Schalbert, Woodfords 

James Bacband, Marshal, Chico 
Ray Valverde, Constable, Biggs 
W. H. Tamagni, Constable, Gridley 

Leslie M. Thomas, Constable, Paradise 

i ; .  ,. 

;j 
3: .i. 
i: 
J 
i -.. I 

4 e. 

Elaine Baratono, Deputy Constable, Angels Camp 
Floyd Seagale, Deputy Constable, Angels Camp 
L. R. Garrem, Constable, Murphys 
James Carson, Constable, West Point 
Arvil Whited, Constable, San Andreas 

Larry Turner, Deputy Constable, San Andreas 
James L. Gurney, Deputy, Mokelumne Hill 

Delton M. Nannen, Constable, Cnlusa 
Harold J. Iivin, Constable, Williams 

Phillip Woodwortb, Deputy Constable, Valley Springs 

-.  
:$ . Colusa County 

ContTa Costa County .i 
x 

Charles Iverson, Marshal, Richmond 
Donald Tenell, Marshal, Pimburg 
William H. Davis, Marshal, Walnut Creek 
Carl Groshell, Marshal, Concord 

Del Noria County 

El Dorsdo County 
Herbert C. Tidd, Constable, Crescent City 

Stanley D. Rolfe, Constable, Placerville 
Robert D. Rolfe, Constable. Garden Valley 
George L. Bergman, Sr., Constable, South Lake Tahoe 
M. P. Juarez, Constable, Placerville 

Fresno County 

Glenn County 
Melvin A. Wilmirth, ex-officio Marshal and Constable 

Lawrence London, Constable, Orland 
George D. Ellis, Constable, Willows 

Humboldt County 
H. Wayne Nelson, Marshal, Eureka 
William A. Nickols, Constzble, Arcata 
John Pelletier, Constable, Formna 
Edward E. Prince, Jr., Constable, Garberville 
Kenneth C. Anderson, Constable, Hoopa 
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lmpsrial County 
C. E. Ritzenthaler, Constable, Brawley 
Arthur J. Armenta, Jr.. Constable, Calexicn 
Floyd I-I. Pitts, Constable, Calipatria 
Dale A. Nice, Constable, El Centro 
Coy Taylor, Constable, Holtville 
Ben B. Muliins, Constable, Imperial 
Sidney Guy Mealer, Constable, Westrnorland 
A. Paul Skinner, Sr., Constable, Winterhaven, 

Gerald Kane, Constable, Bishop 
Jesse R. Covingtnn, Constable, Lone.Pine 

Charles H. Dodge, Marshal, Bakersfield 
Frank R. Loustalot, Jr., Constable, Bakersfield 
Henry M. Alvidres, Constable, Buttonwillow 
B. C. McNutt, Constable, Delanc-McFarland 
Lee M. Wengler, Constable, Ridgecrest 
Kenneth D. Hed, Constable, Kernville 
Edward F. Coffee, Constable, Taft 
William H. Deaver, Constable; Mojave 
Ray Rose, Constable, Shafter 
Lee R. Waddell, Constable, Tehachapi 
Herbert J. Huffman. Constable, Wascn 

inyo County 

Kern Coun.ty 

, 

Kings County 
Roy M. Young, Constable, Avena1 
Harry Martin, Constable, Corcnran 
Leonard Simas, Constable, Hanford 
Frank L. Silva, Jr., Constable, Lemoore 

Lake County 

Lassen County 
E. L. Anderson, E-xafficio Constable, Lakeport 

Eugene 0. Duarte, Constable, Bieher 
Vern E. Healey, Constable, Susanville 

John Mahon, Marshal, Los Angeles 
Guy Barnick, Constable, Malibu 

Los Angeles County . 

Madera County 
Elwin Newsom, Constable, Chowchilla 
Virginia Carny, Constable, Madera 
John M. Ades, Constable, Oakhnrst 

Warin County 

Mariposa County 
Louis P. Mountanns, Marshal, San Rafael 

.. . 

Wayne N. Abbot, Constable, Coulterville 
Edward L. Mancins. Constable, Mariposa 

Mmdocino  county 
Paul E. Titns, Constable, Boonville 
Leondrd Craig, Constable, Point .Arena 
Edward 3. Finley, Constable, Albion 
Leandro Persico, Constable, Willits 
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Vaughn F. Hudman. Constable. Laytonville 
Henry C. Bahnsen, Constable, Dos Rios 
Claude H. Foster, Constable, Fort Bragg 0 Bob Byrnes, Constable, Ukiah 

iVIercad County 
L. M. Cardoza. Jr., Marshal, Merced 
A. R. Williams. Constable, Dos Palos 
Norman J. Silva, Constable, Gustine 
William Slate, Constable, LeGrand 
Norman R. Benalotto, Constable, Livingston 
Pete A. Cassinerio, Constable, Los Banos 
C. A. (Chuck) Levy, Constable, Merced 
Arden P. Wotlstenhulme, Constable, Snelling 

hlodoc County . .  
Bruce Mix, Constable, Adin 
Perry Tilson, Constable, Adin 
Charles hi. Thompson, Constable, Tulelake 
L. F. Sweeney,. Constable, Cedarville 

Mono County 1 

Jhnterey County 
- Vacant, Constablc- 

Lester Barker, Constable, Castroville 
Robert Cheanuood, Constable, Gonzales 
Carl Thomas Roberts; Constable, Greenfield 
Phil Cracker, Constable, King City 
Gene Gem, Constable, Pacific Grove 
Thomas W. Brown, Constable. San Ardo 

Napa County 

Nevada County 
. ' Lamy L. Tallman, Constable, Napa 

Elton F. Williams, Constable, Grass Valley 
Wayne Brown, Constable, Nevada-City 
N. F. Dolley..Constable, Truckee 

Don Rhea, Marshal, Santa Ana 
Orange County 

Placer County 
~ Russ Davis, Constable, Auburn 

William E. Fonseca, Constable. Colfax 
Glenn Lowery. Jr., Constable. Foresthill 
Hike M. Yego. Constzble, Loomis 
San J. Zien. Constable, Roseville 
Adam Sabat, Constable, Tahoe City 

Plumas County 
James Youngman, Constablc, Grcenville 
Max Knadler, Constable, Blairsden 
Andy Nelson, Constable, Q i n c y  

Riverside County 
Donald W. Foster, Marshal, Palm Springs 
William Schmidt, Marshal, Riverside 
John T. Waugh, Constable, Beaumonr 
Doyle D. McLaughlin, Constable, Coachelln 
Owen C .  Northup. Constable, Elsinore 
John H. Dykes, Constable, Hemet 
Roben L. Thompson, Constable, Riverside 
S. A. Hicks, Constable, Temecula 0 

XORNIA ROSTER 
Lemuel B. Todd, Constable, Blythe 
Michael Buchko, Constable. Perris 
Ed. L. Palmer, Jr., Constable, Banning 
Albert L. Napeleton, Constable, San Jacinto 

Sacramento County 
Lee Jay Ghilarducci, Marshal, Sacramento 
Delbert Stuck, Constahle, Elk Grove 
Glenn Pfaal, Constable, Fair Oaks 
Ben Cox, Constable, 'Walnut Grove 

San Benito County 
Cliff Gawaq Constable, Wollister 
Frank Luchelli, Constable, San Juan.Bautista 
George J. Madeiros, Jr., Constable, Tres Piiios 

R. C. Randolph, Marshal, San Bernardino 
Paul R. Simon, Constable, Barstow 
Edgar Jay Reed, Constable, Big Bear Lake 
Dewey G. Beaton, CQnstable, Bloomington 
Bill Carlisle, Constable, Earp, 
S. J. Coppess, Constable, Chino 
P. S. Oliva, Constable, Coltnn 
H. A. M o m s ,  Constable, Cresrline 
R. J. Plamondon, Constable, Cucamonga 
Alfred W. McGuire, Constable, Etiwanda 
Eugene Debs Wilson, Constable, Highland 
Gordon Beer, Constable. Loma Linda 
R. D. Weant, Constable, Needles 
Fidel G. Ruiz, Constable, Trona 
L. 0. Dugas, Constable, Twentynine Palms 
Joe Holland, Constable, Yenno ~ 

James Manines, Constable, Yucaipa 

Mike Sgobba, Marshal, San Diego 

Richard Hongisto, Marshnl, San Francisco 

Charles E. Chapman, Marshal, Lodi 
Monte D. McFall, Marshal, Manteca 
Nick Crocci. Marshal: Stackron 
John J. Dubitsky, Constable, Tracy 

Robert E Summers, Constable, Paso Robles 
Joe King, Constable, Morro Bay 
Drlmo E. Bassetti, Constable, San Luis Obispo 
Tony Galaviz, Constable, Grover City. . ., 

John Norman, Constable, Atascadero 

San Bernardino County 

._ 
San Diego County 0 

San Francisco County 

Sa,n Joaquin County 

' 

> 

San Luis Obispo County 

San Matea County 

Santa Barbara County 
Earl B. Whitmore, Marshal, Redwood City 

Walt T. Livingston, Marshal, Lompoc 
Bruce Kieper, Marshal, .Santa Barbara 
Ronald J. Rodenberger, Marshal, Santa Maria 
Stephen C. Romero, Constable, Carpinterin 
Leonard Chapman, Constable, Guadalupe 
L. R. Crews, Constable, Solvang 
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. Sanza Giara County Suttar County 
James Geary, Marshal and Constable, San Jose M. J. Freeman, Constable, Live Oak 

_i 0 Santa Cruscounty 
- Douglas James, Marshal. Santa Cruz Lloyd King, Constable, Corning 

Tehama CounZy 

1; Lyle Williams, Ex-officio Constable, Red Bluff 
.r .  Shasta County 

John McFarland, Constable, Anderson 

Sam P. Spatafora. Constable, Castella 
Fred C. Gardner, Constable, Central Valley 
Paul Walthers, Constable, Cotconwood 
James C. Nolan, Constable, Fall River Mills 
.Byron E. Johnston, Constable, Montgomery Creek 

I _  Jim Barringcon, Constable, Burney 
," 

~ ? '  . 
L J  

~ - r  
~i George Alveras, Constable, Redding. 

"S Sisrra County 
-8 No constables 

i 

-f: . 

Siskiyou County 
Ralph Honey, Constable, Dorris 
Perry C. Shelton, Constable, Mr. Shasta 
Alan March, Constable, Happy Camp 
Jack F. Fairchild, Constable, McCloud 
Paul I. Garrison, Constable, Fort Jones 
Felice Groppi. Constable, Edgewood 
H. E. Opdenhoff, Constable, Tulelake 
Louis A. Price, Constable, Yreka 

'>, 

Solano County 
!. Robert Grate, Marshal, Vallejo 

Donald Striepeke, Marshal, Santa Rosa 
i 
/ I  Stsnjslaus County 
1: 
! -  
j; 

Robert Earl, Marshal, Modesto - 
Clifford R. Ridley, Constable, Ceres 
John M. Silveira, Jr., Constable, Newman 
hirs. Rae Coslet, Conscable, Oakdale 
Ed Lisota, Constable, Patterson 
Robert Hutcheon, Constible, Riverbank 
Cbarles V. Naff, Constable, Turlock 

Trinity County 
George Whitcomb, Constable, Hayfork 
Howard Smith, Constable, Junction City 
George A. Short, Constable, Mad River 
Adolph C. Schwarz. Constable; Lewiston 
Edward W. Baxter, Constable, Weaverville 

Tulara County 
Olen R. Lane, Marshal, Visalia 
Duard D. Spregue, Marshal, Tulare. 
Vincent Arcure, Marshal, Portemille 
James E. Franks, Constable, Dinuba 
Nyle Edwards, Constable, Exeter 
Keith L. Wells, Constable, Lindsay 
Carl E. Barber, Constable, Pixley 
William H. Tbompson, Constable, Portemille 
Coy Dodd, Constable, Woodlake 

Joseph Pease, Constable, Sonora 
J. M. Robertson, Constable, Columbia 
LeRoy A. Clark, Constable, Twain Hane  
James N. Crawford, Jr., Constable, Groveland 
Herberr L. Chafin, Constable, Jarnestowa 

Tuolumne County 

- 
Vontura County -. 

John MacIntyre, Marshal, Vsntura 

James W. Brady, Constable, Davis 
Barrick D. Archer, Constable,.Knights Landing. 
Theodore J. Pricketr, Constable, Broderick 
Yold Briggs, Constable, Winters 
J. R. Morris, Constable, .Zamora 

'Yolo County 

. .  
Yuba County 

William E. Groves, Constable, Gmptonvilte 
Partick Collins, Constable, Marysville 

__ 
* %-use of difficulties in obtaining updated infomation for this section, it is only partialty updated. 

! 
; 

..  
.. 
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GENERAL LAW ClTBES 
Ganeral elacthn; elective officars; darm 

Unless otherwise required by Section 34329.1 . . ., a gen- 
eral municipal election shall he held on rhe second Tuesday 
in April in each even-numbered year. Except as otherwise 
provided in this title, city councilmem, the city clerk, and the 
city treasurer shall be elected by the city electors at 3 general 
municipal election. City councilmen, the city clerk, and the 
city treasurer shall hold office for four years from the Tues- 
day succeeding rheir election, and until their successors are 
elected and qualified. Gov. C. $36501, am S t m .  1978, t. 1376. 

City council members; terms of office 
If the first general municipal election following an incor- 

poration election will occur less than one year after the 
incorporation e1ection;all of the city cquncil members elect- 
ed a t  the incorporation elmion shall hold office until the 
second general municipal elecrion following the incorpora- 
tion election and until their successors are clected and quali- 
fied. Of the five council-members elected .a t  such second 
general municipal elmion, the three receiving the lowsc 
number of votes shall hold office for two years and until 
their successors are elected and.qualified, and the two re- 
ceiving the highest number of votcsshall hold office for four 
years and until their successors are.eIeeted and qualified. 
Subsequent council membcrs shall hold office for four years 
from the Tuesday succeeding rheirelection, and until rheir 
successors are elected and qualified.. 

This section shall apply only to council members elected 
a t  an incorporadon election held after theeffective date of 
this section. If :his section applies, the first general rnunici- 
pal election following the incorporation election shall not be 
held unless either a Drouosition is to be voted uuon or offices 
other than council member officer; are io be filled. 

GOY. C. 535443, ad Snts. 1977. c. 1253. 

CHARTER ClT'IES-MUNlC1PAL 
ELECTiONS * 

Alameda-1st Tuesday, March, odd ymcs 
Albany-2nd Tuesday, April, even years 
Alhamhra-1st Tuesday, after 1% Monday, Nov., even years 
Anaheim-2nd Tuesday, April, even years 
hrcadia-2nd Tuesday, April, even years 
Bakersfield-1st Tuesday after 1st Monday, March, odd 

Berkeley-3rd Tuesaby, April, odd y n n  
Burbank-Nom: Last Tuesday, February, odd years 

Gen: 1st Tuesday. April, odd years 
Cerritos-2nd Tuesday, April, even years 
Chic-1st Tuesday after 1st Monday, April. odd years 
Chula Vista-Council-Nom: 2nd Tuesday, April, even 

years 
Runoff consolidated with Statewide June election 
Mayor-1st Tuesday after 1st Monday, November, odd 

Gen: 1st Tuesday, June, odd years 

years 

years 
Comp:on-?ri: 3rd Tuesday, April, odd years 

Culver City-2nd Tuesday, April, even years 
Cypress-Same as General Law 

Domr-1st Tuesday, March. even years 
Downey-2nd Tuesday, April, even years 
Eureka-Consolidated with Statewide Primary and General 

Fresno-1st Tuesday after 1st Monday, March, odd years 
Gilroy-1st Tuesday, November, odd years 
Glendale-1st Tuesday, April, odd years 
Grass Valley-1st Tuesday, May, odd years 
Hayward-2nd.Tuesday. April. even years. 
Hughson-1st Tuesday, even years 
Huntington Beach-2nd Tuesday, .April, even years 
Industiy-Same as General Law 
Inglewocd-1st Tuesday, April, odd years. If a candidate' 

fails to receive a majority vote, rundff election is held 
within 70 days after nominating election 

election, even years 

Imine-1st Tuesday after 1st Monday, June, even years 
Kerman-1st Tuesday, March, even yews 
Long Beach-Nom. 3rd Tuesday. March, even years 

Gen: 2nd Tuesday, May, even years 
Los Alamito-2nd Tuesday, April, even years 
Los Angeles-Nom: 1st Tuesday, April, odd years 

Gen: Last Tuesday, May, odd years 
Marina-1st Tuesday, March; even years 
Marysville-November general election, even years 
Merced-3rd Tuesday, April, odd years 
Modest-1st Tuesday after 1st Monday, March, odd yems 
Monrerey-2nd Tuesday, May, odd years 
Mounrain View-2nd Tuesday, April, even ycars 
Nap-2nd Tuesday. April, even. years 
Needles-2nd Tursday, April, even years 
Newport Beach-2nd Tuesday, April, even years 
Oakland-Nom: 3rd Tuesday, April, odd years 

Gen: 4th Tuesday after Nom election 
Ontario-1st Tuesday, even years 
Oroville-2nd Tuesday, April, odd.years 
Pacific Grov+Znd Tuesday, April, odd yean  
Palo Alto-2nd Tuesday, May, odd yesrs 
Pasaiiena-Nom: 6th .Tuesday preceding General election, 

odd years 
Gen: 3rd Tuesday, April, odd years 

Petaluma-2nd Tuesday, June, odd years 
Piedmont-Lasr Tuesday, February, even years 
Placentia-2nd Tuesday, April, even years 
Pomona-Nom: 1st Tuesday after 1st Monday, March, odd 

Porterville-lsr Tuesday, March, odd years 
Redondo Beach-1stTuesday after 1st Monday, March, odd 

Redwood City-2nd Tuesday, April, even years 
Richmond-Nom: 5 weeks prior to Geneml 

Gen: 2nd Tuesday, May, odd y e a s  
Riverside-1st Tuesday afrer 1st' Monday, November, odd 
years. If a candidate fails to receive a majority vote, run- 
off election is held not less than 45 days and.not more than 
70 days after nominating election. 

years 
Gen: 3rd Tuesday, April, odd years 

years 

RnsevilleSame as General Law 
Sacramenre-Pri: 6th Tuesday before date of General 

Salinas-1st Tuesday, June, odd years 
San Bernardino-1st Tuesdav. May. odd years 

Gen: 1st Tuesday after 1st LMondayj November, odd years' 

I .  I .  Del M a r S s m c  as General Law 

!.- 
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Son Buenavenrura-1st Tuesday after 1st Monday, Novern- 

San Diexo-Nom: 3rd Tuesday, September, odd years 
Gen: 1st Tuesday after 1st Monday, November, odd years 

San Francisco-Nom: 1st Tuesday after 1st Monday, Nc- 

.+ 

.-. '. 
,& vember, odd years. 
t 

<< 

* ber, odd years 

Gen: 2nd Tuesday, December, odd years 
Szn Jose--Gen: 1st Tuesday after 1st Monday, June, even 

years 
Run: 1st Tuesday after 1st Monday, November, even 

I4 
5: 

r t  . 
years 

San Leandra-2nd Tuesday, April, even years 
San Luis Ohispo--lst Tuesday afrer 1st. Monday, March, 

San MarineApri l ,  even  yea^ 
San Mat-1st Tuesday, April, odd years, unless there is a 

Special Election in February, March, or April in which 
case the Municiual.Election is consolidated with the Spe- 

odd years 

cial Election 
San Rafael-1st Tuesday, after 1st Monday, November, odd 

years 
Santa Ana-1st Tuesday, April, odd years 

Santa Barbara-1st Tuesday following 1st Monday, March, 

Santa Clara-1st Tuesday after 1st Monday, March, odd 

Santa Cruz-1st Tuesday after 1st Monday, November, odd 

Santa Monica-2nd Tuesday, April, odd years 
Santa Rosa-2nd Tuesday, April, even years 
Seal Beach-Pri: Last Tuesday, Ma&, even years 

Stockton-2nd Tuesday, October, odd years 
Sunnyvale-2nd Tuesday, March, odd years 
Temple City-2nd Tuesday, April, even years 
Torrance-1st Tuesday after 1st Monday, March, even 

Tulare-1st Tuesday after 1st Monday, November, odd 

Vallejo-1st Tuesday, March, odd yean 
Ventura-see city of San Bueniventura 
Visalia-1st Tuesday after 1st Monday, November, add 

Wateonvill+2nd Tuesday, May, odd years 
Whittier-2nd Tuesday, April, even years 

odd years 

years 

years 

Run: 2nd Tuesday, May, even years 

years 

years 

years 



CITY OF ADELANTO 
(County of San Bernard ino)  
Incorporated December 22, 1970 

Legislative Districts: 37th Congressional; 
16th Senatorial; 34th Assembly 

General law city. Population 2,773. Council meets 
second and fourth Tuesday of each month at 

11740 Bartlett Ave., 92301. 
Central Telephone: 714-246-8606 

Mayor: Charlotte Y. Foster 
City Administrator: Patricia A. Chamberlaine 

0 

Mayor pro Tem. Edward J. Dondelinger 
Councilman. Edward A. Dunaaan - 
Councilman, George R.. Sutron 
Councilman, ffus Ronnebeck 
City Clerk, Elizabeth E. McClure 
Police Chief, John E Morrissey 
Fire Chief, Tom Fogenon 
School Superintendent, Theodore Vick 
City Treasurer, Sandra R. Ouellette 
City Attorney, Ivan Hopkins. 

. 

can OF mumma 
(County OS Adameda) 

Incorporated April 19, 1854 
Legislative Districrs: 9th Congressional: 

9th Senatorial; 13th Assembly 

and third Tuesday of month at 7:30 p.m. in 
Council Chamber, City Hall, Sann  Clara Ave. and 

Oak Sr.. 94501. 
Central Telephone: 415-5224100 

Mayor: Carmelo J. Corica 
City Manager: J. Bruce Rupp 

0 ’ Chartered city. Population 63,700. Council meets first 

Councilman, Amey Stone 
*Councilman, Anne .Diament 
Councilman, Michael Gorman 
Councilman, Richard Sherrnrr 
City Attorney, Carter Srroud 
City Clerk, Deen Specgle ~ 

Police Chief, Robert Shiells 
Fire Chief, Richard Qarante  
Treasurer, Lawrence Stickney 
Auditor-Assessor, Robert Lnfmand 
School Superintendent, Clarence R. Kline 

- 

’Prefers tide “Councilman”. i 

Central Telephone: 414-64-8523 
Mayor: William A. Lewis 

Administrative Officer: William E. Haden 
Councilman, Louis L. George 
Councilwoman, Anne Rotramel 
Councilman, William Johns 
Councilwoman, Rurh Ganong 
City Clerk, Jacqueline Bucholz 
Attorney, Roberr Zweben 
Police Chief, James Simmons. 
Fire Chief, Horace Koepke 
Treasurer, Jo Ann Honer 
School Superintendent, Stephen Goldstone . 

C!TY OF AEWAMBRA 
(County of Los Angalesf 

Incorporated July 11, 1903 
Legislative Disrricts: 26th. Congressional; 

26th Senamria; 59th Assembly 
Chartered city. Population €4;7&4. Council meets second 
and fourrh Mondays of month at  E30 p.m. in Council 

Chamhers, City Hall, 1ll.S. First St., 91801. 
Central Telephone: 213-570-5111 

Mayor: Peter J. Letourneau 
City Manager: Andrew.C. Lazzaretro, Jr. 

ViceMayor, Michael Messina - 
Councilmen, W. Sherman Hall, Jr. 
Councilman, Talmage V. Burke , 
Councilman, J. Parker Williams 
City Clerk, Dorothy Ounvater, CMC 
City Attorney, Lehnd C. Dolley 
Police Chief, Joseph T. Molloy 
Fire Chief, Rohert G. Tolladay 
School Superintendent, Dr. Bruce H. Peppin 

I 

CBTY OF ALTURAS 
(County of FModoc) 

Incorporated September 16, 1901 
Legislative Districts: 1st Congressional; 

1st Senatorial: 1st Assembly 
General law city. Population 2,980. Council meets 

1st Thursday of each month a t  EO0 pm.  in 
City Hall, 218 Norrh St., 96101. 
Central Telephone: 91.$233-2SI2 

!. Mayor: ioe S. Phillips .” I. C!yY OF ALBANY 
(County 04: A l a m s d a )  

Incorporated September 22. 1908 

11th Senatoriai: 12th Assemhly 
Charrered city. Population 15,561. Council meets each 

Monday at 8:OO p.m. in Council Chamhers, 
1000 San Pahio Ave., 94706. 

Councilman, Roger Doms 
Councilwoman, Beth Swik 
Councilman, John Dederick 
Councilman, Tony Lelli 
City Attorney, Paul .Baker 
City Clerk, Bette P. Fountain 
Police Chief, Ernest 0; Hawes 
Fire Chief, James W. Porter 
Treasurer, Kathie Utt 

.P 

a’ . 
;,. Legislative Districts: 8th Congressional; 

c: 

.. ..I . 

’. _. 
,;. *. 

. 
. .. 

::. 
j . P  

’ ,  .. . 
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I) 
ClTM OF AIflASDOR 

(County of Amador) 
Incorporated June 2, 1915 

Legislative Districts: 14th Congressional; 

General law city. Population 156. Council meets second 
Thursday of month in Fire Hall, Main St., 95601. 

Centra! Telephone: 209-267632 1 
Mayor: Lloyd L. Smith 

13th Senatorial; 7th Assembly ' 

Councilman, Alfred M. Fagundes 
Councilman, William H. H a r t  
Councilman, Alan W. Robelio 
Councilman Peter Daubenspeck 111 
City Attorney, James Deasey 
City Clerk, Harold K. Buus 
Treasurer, Ruth J. Tippett 

CITY OF ANAHE?M 
(County of Orange) 

Incorporated March 18, 1876 
Legislative Districts. 38th and 39th Congressional; 

35th and 37th Senatorial: 69th, 70th. 
71st and 72nd Assembly 

Chartered city. Population 214,688. Council meets every 
Tuesday of each month at 1:30 pm. in Civic Center, 

200 S. Anaheim Bivd., 92805. 
Central Telephone: 714-999-5166 

Mayor: John Seymour 
City Manager: William 0. Talley 

Mayor pro Tern. E. Llewellyn Overholt, Jr. 
Councilwoman, Miriam Kaywoad 
Councilman, Don R. Roth 
Councilman, Ben Bay 
City Clerk, Linda D. Roberts 
Police Chief, George P. Tielsch 
Fire Chief, Bob Simpson 
City Attorney, William P. Hopkins 

e m  OF A N J D E R S ~ M  
(County of Shasta) 

Incorporated January 16, 1956 
Legislative Distrim: Isr Congressional; 

1st Senatorial; 1st Assembly 
General law city- Population 7.316. Council meets first 

and third Tuesdays of each month in City Hall, 
1887 Howard Street, 96007. -3- 

Mayor: Jim Logan 
City Manager: William R. Gam 

. "b - . ~ ~  Central Telephone: 916365-2521 

Mayor pro Tem. Thomas E. Pepper 
Councilman, Marvin P. Bennett 
Councilman, J. Robert Di Lull0 
Councilman, Jerry Vonhees 
City Attorney, Michael C. Fitzpamck 
City Clerk, Jacqueline J. Padilia 
Police Chief, Phil Raner 
Fire Chief, Ross Phipps, Jr. 

! 

G!TY OF ANGELS 
(County of Caiaveras) 

Incorporated January 24. 1912 
Legislative Districts: 14th Congressional; 

13th Senatorial; 7th Assembly 
Post Office: Angels Camp 

General law city. Popularion 2,859. Council meets on 
the first and third.Tuesday of month a t  8 p.m. in 

City Hall, 95222. 
Mayor: Oliver W. Garcia 

Vice Mayor, Elizabeth. Alford 
Councilman Gary L. Hinman 
Councilman, Paul D. Raggio 
Councilman, Tad Folendorf 
City Clerk, Jacqueline L. Heintz 
Police Chief, Ronald Adams 
Fire Chief, Joe Carley 
Treasurer, Sam Urruty 
City Attorney, George Huberry 

CITY OF APdTiOGH 
(County of Contra Casta) 
Incorporated February 6, 1872 

Legislative Districts: 7th Congressional; 
7th Senatorial; 10th Assembly 

General law city. Population 42,251. Council meers 
second and fourth Tuesday of each month ac 4:30 p.m. 

.in City Hall, 212 H Street, 94509. 
Central Telephone: 415-757-3 3 3 3 

Mayor: Verne L. Robens 
City Mansger: George F. Anast 

Mayor pro Tem, Victor Catanzaro 
Councilmember; '$alter K. Pierce 
Councilmember, John Hall 
Councilmember, Wilhelmina b d r a d e  
City Clerk, Dorothy P. Marks 
Police Chief, Leonard Herendeen 
Fire Chief, Vinceat Aiello 
Treasurer, .Ethel Lampley 
School Superintendent, Gerald Pangbum 

ClTY OF ARCABBA 
(County of Los Angeles) 
Incorporated August 5, 1903 

Legislative Districts. 26th Congressional; 
2jth Senatorial: 61s Assembly 

Chartered city. Population 45,678. Council. meets fim 
and third Tuesdays at 230 p.m. in Council Chambers, 

City Hall, 240 W. Huntington.Drive 91006. 
Central Telephone: 213436-4471 

Mayor: Donald D. Pellegrino 
City Manager: Lyle W. Alberg 

Councilman, Jeffrey A. Dring 
Councilman, Richard A.'Haltnm 
Councilman, Charles E. Gilb 
Councilman, Jack Saelid 
City Clerk, Christine Van Maanen, 
Police Chief, Charles Mitchell 
Fire Chief, Gerald Gardner 
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School Superintendent, Edward V. Ryan 
City Atiorney, Charles Liherro 

CiTY OF ARCATA 
! (County of blumboldt) 

Incorporared February 2, 1858 
Legislative Districts: 2nd Congressional; 

2nd Senatorial; 2nd Assembly 
General law city. Population 13,000. Council meets 
first and.third Tuesday of each month at E00 p.m. 

in City Hall, 736 F Street, 95521. 
Central Telephonc: 707-822-5951 

Mayor: Daniel Hauser 
City Managec Roger A. Srorey 

Mayor pro Tem, Sam Pennisi 
Councilmember. Julie Fulkerson . 
Councilmember, Victor Green 
Councilmember, Stephen Leiker 
City Attorney, David Tranberg 
City Clerk, Kennerh W. Frazier 
Police Chief, Michael Manick 

CITY O F  AWWQYQ GFIANDE 
(County of San Luis Obispo) 

Incorporated July 10, 1911 
Legislative Dimicu: 19th Congressional; 

17th Senatorial; 29th Assembly 
General law city. Population 9,350. Council meets 

second and founh Tuesday of esrh month a t  
214 E. Branch St., 93420. 

Central Telephone: 805489-1303 ~. 
Mayor: Hugh 0. Pope; Jr.. 

City Administrator. Thomas M. Butch 
Mayor pro Tem, Lawrence E. Vandeveer 
Councilmember, Mark M. Mills 
Councilmember. Karl A. Hogan 
Councilmember, B’Ann Smith- 
City Clerk, Ines A. del Campo 
Police Chief, James C. Clark 
Fire Chief-Fire Marshal, Tony Marsalek 
Treasurer, Jo Ann Wizemann 
Finance Director, David E. Bacon 

~ 

C8TY OF AWBESlA 
(County of Los Angeles) 

Incorporared May 29. 1959 
Legislative Districts: 34th Congressional; 

33rd Senatorial; 63rd Assembly 
General law city. Population 15,200. Council meets 

second Monday of each month at City Hall, 
18747 Clarkdale Ave., 90701. 

Central Telephone 213-865-6262 
Mayor: Dennis R. Fellows 

Ciry Manager: M. D. McKeown 
Mayor pro Tem, Gretchen A. Whimey 
Councilman, James A. Van Horn 
Councilman, Ronald H. Oliver 
Colmdmsn, Roben. J. Jamison 

VIA ROSTER 

City Clerk,-Treasurer, Margaret M. Rittel 
City Attorney, Glenn Watson 
’City Council will reorganize 4/81 

CITY OF ARWM 
(County of Kern) 

Incorporated December 21, 1960 
Legislative Districts: 18th Congressional; ’ 

General law city. Population 6,787. Council meets 
second and fourth Monday each month in 

CounroomICouncil Chamber, 
200 Campus Drive, 93203. 

16th Senatorial; 33rd Assembly. . 

Mayor: John Sams ’ . 

Councilman, Walker Chrisriaa 
Councilman, Jess G. Ortiz 
Councilman, Steve Franetovich 
Councilman, Donald Burkert 
City Administrator, 0. L. Wooner - , 

City Clerk, Olga.Leon$rd 
Police Chief, Robert McIntosh 
Treasurer, Jess Woods 
City Attorney, Ray A. Yinger 

CiTY OF ATAS@A.D.EWQ 
(County of San Luis 0bisp.o) 

Incorporated July 2, 1979 
Legislative Dismcrsr-16th Congressional; 

17th~Senatorial; 29th Assembly 
General law city. Population 16.796. Council meets 

2nd and 4th Mondays, E30 pm, Rotunda Room, 
Administration Building, 6500 Palma, 93423. 

Central Telephone: 80511668000 
Mayor: Roben J. Wilkins, Jr. 

City Manager: Murray L. Warden 
Mayor pro Tem, William H. Stover 
Councilman, George P. Highland 
Councilwoman, Marjorie R. Mackey 
Councilman, Rolfe D. Nelson 
City Clerk, Murray L. Warden 
Police Chief, Richard €3. (Bud) McHale 
Fire Chief, Donald Sylvia 
School Superintendent, Anthony Avina 
City Attorney, Allen Grimes 

TOWN OF ATHEWHOM 
(County of San Mateo) 

Incorporated September 12, 1923 
Legislative Districts: 12th Congressional; 

10th Senatorial; 20th Assembly 
General law city. Popdation 8,175. Council meets 

2nd Tuesday of month a t  7:30 p.m. in 
Town Hall, 94 Ashfield Rd., 94025. 

Central Telephone: 415-3254457 
Mayor: Malcolm H. Dudley 

City Manager: Ross G. Huhbard 
Vice-Mayor, John W. Dinkelspiel 
Councilman, Jphn Fisher 
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Councilman, Harry Hagey 
Councilwoman. Nanette F. Chapman 
Cir j  Clerk, Ross G. flubhard 
Police Chief, Richard L. Moore 
Fire Chief, Vincent DelPozzo 
City Attorney, Bradford Jeffries 

CiTY OF ATWATER 
(County oi Mercsd) 

Incorporated August 16, 1922 
Legislative Dismcu: .15th Congressional; 

ISth Senatorial; 27th Assembly 
General law city. Population 17,500. Council meets 

second and fourth Mondays of month at 730 p.m. in 
Council Chambers, City Hall, 750 Bellevue Road, 9S301. 

Central Telephone: 209-358-5606 
Mayor: Gregory R Olzack 

City Manager:.Thomas.I. Smith 
Councilman, John Cupples 
Councilman, Robert Mirchell 
Councilwoman, Leona Zimmerman 
Councilwoman, Linda Dash 
City Clerk, Donna E. Legg 
Police Chief, Ray Blake 
Treasurer, James Heller, Jr.. 
Fire Chief, Vern Willhoite 
School Superintendeng Frank English " 

.. 

C!TY'OF AUSURN ' ' 

(County of Places) 
Incorporated May 2, 1888 . ' 

Legislative Dismcu: 1st Congressionzl; 
1st Senatorial; 3rd Assembly 

General law city. Population 7,513. Council meets 
second and fourth Mondays of month in City Hall, 

1103 High St., 95603. 
Central Telephone: 916885-5661 

Mayor: Jack Veal 
City Manager: Jack H. Sausser 

Councilman, AI Albertazzi 
Councilman, George Beland 
Councilman, Richard T. Gailbreath 
Councilman, Ronald Lichau . ' 

City Attorney, Richard Prather 
City Clerk, Florence Ladeck 
Police Chief, Nicholas S .  Willick 
Fire Chief, Henry Gieaen . '  
Treasurer, Edna M. Casebeer 

'. 

ClTY QF AVALQM 
(County of Los. Angales) 

Incorporated June 26, 1913 
Legislative Districts: 32nd Congressional: 27th Senatorial: 

52nd Assembly 
General law city. Population 2,029, Council meets first 

and third Mondays of month at  200 pm.  in 
Council Chambers, 209 Metropole, 907M. 

bsayor: George Scott 

City Manager: John Longley 
Mayor pro Tem, Gilbert Saldana 
Councilman, Carol Fagot 
Councilman, Norslan Perluss 
Councilman, Hugh T. "Bud" Smith 
City Clerk, Shirley Davy 
Police Chief, Charles Wood 
Fire Chief: .Jack Goslin 
Treasurer, Margaret Perry . 

Cn-Y OF AVEMAL 
(County of Kings). 

Incorporated September 11, I979 
Legislative Dffimcrs: 17th Congressional; 15th Senatorial; 

32nd Assembly 
General law city. Population 4,130. 

Council meets TOO p.m. every-second and- 
fourth Thursdav of the mnnrh at 919.Skvline 

Blvd:, City Hall, 93204. 
Central Teleuhone: 2094865766 

Mayor: T. A. Funk- ~ 

City Manager: Homer L. f3ludau 
Councilman, James Castleman . . I 
Councilman, Harlin.Casida. -.  
Councilman, Samuel Glover 
Councilman, Norman Messes ' ' 

City Clerk, E. Jane Strong 
City Treasurer, Susan E. Henderson. . , 

City Attorney. Henry Leckman 
Police Chief, contracted 
Fire Chief, fire district - 
School Superintendent, George Davis. 

CiTY OF AZUSA . . ' 

(County of Los Angeles) . 
Incorpnrated Dec-aber 29, 1898 , 

Legii'..tive Districts: 26th Congressional; ZSth'.Senatorial; . . ' 
6 1 s  Assembly 

General law city. Population 29,232. Council meets fim '. 
and third Mondays of month in Civic Auditorium, 

213 E. Foothill Blvd., 91702. 
Mayor: Jens J. Solem . 

City Administrator: John R Dangleis 

, 

. 

I 

Mayor pro Tem, Willard R.. Decker 
Councilman, Robert G. Fry 
Councilman, Lucio D. Cruz 
Councilman, Eugene F. Moses . . 
City Clerk, Adolph A. Solis 
Police Chief, Carl W. Elkins . ~ 

Fire Chief, John B. Littlefield 
Treasurer, Robert E. 'ralley 
School Superintendent, Dr. Lewis L. Beall . . 
City Attorney, Carl Newton 

GlTY OF BAKERSFIELD 
(~a:ou&y of Kern) . .  

Incorporatcd January 11, 1898 . ' ' 
Legislarive District% 18th Congressional; 16th Senatorial; . ~ 

. .  
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33rd Assembly 
Charter city. Population 106,173. Council meets every 
Wednesday evening in City Hall, 1501 Truxtun Ave., 

93301. 
Central Telephone: 805-861-2711 

Mayor: Mary K. Shell 
City Manager: Philip Kelmar? 

Councilman; Vernon D. Strong 
Councilman, Thomas A. Payne 
Councilman, James J. Barton . . 
Councilman, Arthur Rnckoff 
Councilman, John M. Means 
Councilman, Donald K. Ratty 
Councilman, J. M. "Chris" Chrinensen 
City Clerk, Philip Kelmar 
Police Chief, Bob Price 
Fire Chief, Dennis Needham 
Scbool Superinrendent, Dr. Herbert M. Cole, Jr. 
Assistant City Manager-Finance,.Philip Kelmar 
City Attorney, Richard J. Oberholzer 

. .  

C4YY OF'BALDW.1M'PARK 
(County of Los Angeles) . .  
Incorporated JanuaEy.25, 1956 

Legislative Disvicts:.26th Congressional;.26th.Senatorial;. 
60th Assembly 

Geurral law city. Population 50,538. Council meets. first 
and third W.ednesday of month at.7:30 p.m. in. 

Council Chambers, City Half,. 14403 E. Pacific Avenue.. 

Central Telephone.213-960-4011. 
Mayor: Jack B. White i. .. . . 
City Manager: Vacant. 

91706. - 

. 
~',,- Mayor pro Tem, Robeit N. McNeill : 

. Councilman, Felipe Aguilar, Jr. 
. Councilman, Blair .Holman 
': . Councilman, Leo W. King 

City Clerk, Linda L. Gair- . 
. .  

c 

Police Chief, David Snowden 
Fire Chief, Robert Sarno 
Treasurer, Ana Montenegro 
School Superintendenq Jerry D. Holland 
City Attorney, Robem Flandrick 

CITY QF BANNING 
(County of Riverside) 

Legis1ative.Disrric~:. 37th Congressional; 34th Senatorial;. 
67th Assembly 

G&eral law city. Population 13,200. Council meets 
second and fourth Mondays of each month at 
County Administration Bldg.,. 155 E. Hays St. ,  

City Hall: 161 W. h m s e y  St. 92220. 
Central Telephone 714-849451 1 

Mayor: Carl V. Wolfram 
City Manager: Stephen B. Tulian 

Incorporated February 6, 1913 - 

Councilwoman, E. Brigitte Page 
Councilman, Frank Burgess 
Councilmsn, Rob& Kohagen I 

\IIA ROSTER 

Councilman, Leonard Perkins 
City Clerk, Lucille M. Elizondo 
Police Chief, A. L. Aldrich 
Fire Chief, Frank Sexton 
Treasurer, Alf J. Danielsen 
School Superintendent, Fred Pasquale 

C%TY OF BARSTOW 
(County of San Barnardino) 
Incorporated September -30, 1947 

Legislative Districts: 37th Congressional;. 16th Senatorial; 
34th Assembly 

General law city. Population 17,590. Council meets at. 
730 p.m first and third Mondays and third Monday at 

4:30 p.m. (Hospital business), Council Chambers 
220 E. Mt. View Ave., 92311. 

Mayor: Paul R. Simon 

. 

City Manager..E. Wayne Lamorauk - 
Mayor pro Tem, Richard Padilla 
Councilman, James A,. Bellomy 
Councilman, A. J. Pontecorvo . 
Councilman, AI Vigil 
City Clerk, 'Mrs. Betty Rowe 
Police Chief, H. 0. Davis 
Fire Chief, David Mathews 
Treasurer,. Evelyn L. Radel.. 
School Superintendent, Eugene Ferrick 

:. 

, 

CITY OF BEAUMOMT 
' . (County of Riversida) 

. .  Incorporated November 18, 1912 
Legislative Distriw: 37th Congressional; 34th Senatorial; 

67th Assembly 
General law city. Population 5,572. Council meets 

second and fourth Mondays of each month in 
City Hall, 550 6th. Ave., 92223: 

Central Telephone: 714845-1171 
Mayor: Aubrey Allen 

City Manager: Glenn Sparks 

' 

Councilman, Fred Shaw 
Councilman, Richard Hammel 
Councilman, Carl Peterson ' ' 

Councilman, William Lowry 
Councilman, Jack Blankenship 
City Clerk, LaVerne Jones 
Police Chief, Robert Bridges 
Fire Chief, Contran with CDF 

School- Superintendent, James L. Lucas 
. Treasurer, Don Houston 

CrrTt OF.'BELL 
" 

(county o i  ios ~ n g a ~ e s )  i 

Incorporated November 7, 1927 
Legislative Dismcts:.Z9th Congressional; 29th Senatorial; 

47th Assembly 
General law city. Population 25,454. Council meets first 
and. third Mondays of month-at 7:30 pm. in City Hall, 

6330 Pine Ave., '90201. 

!~ 

i 

.. 

-2 
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Central Telephone: .2 13-588-62 I 1  
Mayor: Clarence H. Kuechtel 

City Administrator: John D. Pitts 
Mayor pro T e n ,  George K. Simmons 
Councilmember, Donna L. Caddy 
Councilmember, Lou Ida Caster 
Councilmember, J3y B. Price 
City Clerk, George A. Brennan 
Police Chief, Edward L. Ballinger 
Treasurer; Hazel F. Collen 
City Attorney, Robert Flandrick 

G K Y  QF BELLFLOWEX 
(County of Los Angelas).. 

Incorporated September .3, 1957 
Legislative Districts: 34th Congressional; 28th Senatorial; 

54th Assembly 
General law city. Population. 53,079. Council meets 

second and fourth Mondays at  7:30 p.m. in City Hall; 
9838 E. Belmant St., 90706. 

Central Telephone- 213-866-9003 
Mayor: Henry Kruid 

City Administrator:.Jack .A. Simpson 
!vIayor pro Tern, Lee Walker 
Councilman, Edward a. Drayer 
Councilman. George. Marsh 
Councilwoman, Shirley B. Feedstra - 
City Clerk, Pamela S. Swift 
School Superintendent, Dr. Leonard Burns 
City Attorney, Maurice OShea 

- 

C!TY 0%: BELL GARDENS 
(County of Los Angeles) 
Incorporated August 1, 1961 

Legislative Dismcts: 30th Congressional; 24th Senatorial; 
56th e e m h l y  

General law city. Population 29,308. Council meets 
second and fourth Mondays of monrh in City Hall, 

7100 S. Ganyeld Ave., 90201. 

Mayor: Helen West 
City Manager: .Larry Kosmont 

Central Telephoner 213-927-8301 .' 

Mayor pro Ten, Marvin Graves 
Councilman, Frank C. Dana 
Councilman, Roger McComas 
Councilman, Roy Paul 
City Clerk, Leanna Keltner 
Police Chief, Philipp. Henson 
City Atrorney, .Peter Wallin 

CiTK. OF BEkMONT 
(Gounty of Sari. Matao) 

Incorporared October 29, 1926 
Legislative Disrricts: 11th Congressional; 

10th Senatorial; 20th Assembly 
General law city. Population 24,421. Council meets 
second and fourth Tuesdays of month at  5:OO p.m,, 

Council Chambers, City Hall, 1365.Fifrh.Ave.. 94002. 

Central Telephone: 415-573-2790 
Mayor: Margaret A. Buckley 

City Manager: James P. DeChaine 
Vice-Mayor, Joseph W. Green . 
Councilman, Robert H. Hoffman 
Councilman, William H. Hardwick 
Councilman, William E. Moore 
City Clerk, James W. McLaughlin 
Police Chief, William R. Singer 
Fire Chief, Gary Schmin (South County fire) 
Treasurer, Jean Zncca 
School Superintendent, Claude C. Turner 
City Attorney, Kenneth Dickerson 

ClTY OF BELVEDERE - 

' ' (Gounty of &!?arin) 
Incorporated December 2% 1896 

Legislative Districts: 5th Congressional; 2nd Senatorink 
9th Assembly 

General law city. Popularion 2,600. Council meets first 
Monday of month a t  8:OO p.m..in Communiry Ceuter, 

450 San Rafael Ave., 94920. 
Central Telephone:41S~35-3838 

MayoE Charles E. Auerbach 
City Manager: Sandra Y. Marker 

. 

. Councilman, Don Davis 
Councilman, Erwin Farley 
Councilwoman, Sherry C. Levit . . 

. .  8 Councilman, Bill Smith . .  

City Clerk, Sandra Y. Marker ,_ . .  

Police Chief, Frank W. Barner - . 

City Treasurer, Margarer Gill . , 

Fire Chief, Frank Buscher . .  

,I 

* ,  
, 

. .  CITY OF BEMICJA 
(Gounty of Solana) 

Incarporated March.27, 1850 

4th Senatorial; 4th Assembly . '  '' - 
" Legislarive Districts: 4th Congressional; - 

General law city. Popularion 10,850. Council meetings 
held on first and third Tuesdays of eachmonth in che 
Council Chambers of City Hall, 250 E. "L" St.. 94510. 

Mayor: Warren R. OBlennis . ' . 
City Manager: John F, Silva 

Councilman, Jack Cody 
Councilman,. C. Carsten Johansen 
Councilman,;Gary Winston, M.D. ' . 
Councilman, Roger E. Lipman 
City Clerk, Betty M. Pellinen 
Police Chief, Pierre T. 'Bidou 

Ic37-Y b F  BERKELEY 
(Counw of Iiarnada) 
Incorporated April 4, 1878 

Legislative Diswicts: 8th Congressional; 9th Senaroriaf; 
12th and 13th Assembly 

Chartered city. Popularion 108,756. Council. meets 
first four Tuesdays of each month in Council Chambers, 

, ' 
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City Hall., 2134 Grove St., 94704. 
Central Telephone 415-64-6480 . Police Chief, Frank Bland 

City Attorney, William E. Coomhs 

Mayor: Eugene Newport Fire Chief, John K. Linder . , . 
City Manager: Wise E. Allen 

ClTY OF B1GGS 

0 
"Councilmember, James Sweeney 
'Councilmember, Veronika Fukson 

'Councilmember, Shirley Dean 
'Councilmember, Gilda. H. Feller 
'Councilmember, Florence McDonald 
'Couxilmember, John Denton 
City Clerk, Edythe Campbell 
Police €hief, T.W. Johnson (Acting) 

School Superintendent, Dr. David E. Tanseey 

. I  
*Councilmember, Andrea Washhurn (County of &ne) . . .  

Incorporated June 26, 1903 
Legislative Districu: 1st Congressional; 

1st Senatorial; 1st Assembly ., 

General law city. Population 1,490. Council meets. 
second. ,Monday of month at 7:OO p.m. in City Hall, ~. 

464-B "B" Sr., 95917. - 
Central Telephone: 916-868-5436 . .  

Fire Chief, Victor Porter - .  

' . Mayor: William H. Callaway' 
. 

- 
. ' Vice-Mayor, Charles E. Hicks 
.. Councilman, Arturo A. Marquez 

Councilman, William H. Thehach ' 

City Clerk, Luel1a.A. Tamagni 

'Prefers title Councilmember 

I- 

@1N 0 F  BEVEi3i.Y HLLS.. . ' . . Councilman, Harold W. McDonald : . . 

.' Police Chief, Scott E..Nelson . .  (County of LiwAngeles), . ~ , .  ' 

' Incorporated January 28, 1914 a-  Fire Chief, Raymon Valverde ', 

Legislative Dismcts" 23rd Congressional;; . . Finance Director, Luella A. Tamagni ' ' 

22nd Senatorial; 43rd Assembly Treasurer, Luella A. Tamagni . . .  
Deputy City Clerk, Joyce A. Howard ' .. - 
City Attorney, Robert Millington- 
Public Works Direcror, William .T. West (Assisranr) . . ' 

. -  
General law city.. Popularion 33,416. Council meets firsr 

and third Tuesdays, 7 3 0  pm,  in Council Chambers; 
City Hall, 450 N. Cresc.mc Dr., 90210. 

. . 
. 

- CITY OF BISMBP- ' ~ ' ' .. 
I .  . .  

!* Central TeIephoner.213-5501)700 : 

Mayor: E d w d  I. Brown'. .. ' '_  

- (~ount j fo i  inyo) 
, ' Incorporated,May 6, 1903 . .  

City Manager:.EdwardS. Kreins . .  ' 

Vice-Mayor, Donna Ellman: . 
Councilmember; Charles Aronberg; .M.D. . . ' 

Councilmemher;Benjamin Stanshury, Jr. i . 
Councilmember, Benjamin Norton ,.' . . ' : 
City Clerk, Jean M:L~s!lijima.:~ . . . ' '  General taw city. Population3,790. Council meets 
Police Chief, LeeTracy . - - , . . . . ' second and fourth Monday of month..at. 7:30 p.m. in . ' ' 

Fire Chief, WilliamDaley :.. . , .  .. . . Council Chnmhers, City Hall, 301 W. Line Sc, 93514. ' . '  
Treasurer,. Ramon.1. Gerson 
School Superintendent, Kenneth L. Peters 
City Attorney, Jack-Allen (Acting). : ' ~. 

~. Legislarive .Districts: 18th Congressional: . I 

. . -  . 16th Senatorial; -34th Assembly 

e .  . 

- Central Telephone: 714873-5863 .. . . ,  

. .  % Mayoi: M.J..Fisher . . . -' 

. .  . .  Mayor pro Tem, Don R. Swenson 
Councilman, Randy Davis . _  

- . .  Councilman, Ron -(ister 
Councilman, Petcr Pearson 
City Adminisrrator/Clerk, RichardX. Pucci . . 
Police Chief, Fred G.. Cohurn 

Treasurer, George C. Pamen 

CITY OF. BIG BEAR LAKE 
( C C J U ~ ~  of San Bernardino) 
Incorporated November 24, 1980 

31th Senatorial; 67th Assemhly 
General Law.city. Papulation 10,000. Council meets 

a t  700 p.m. in Council Chambers; 

. -  . ' Fire Chief, Philip E. Moxley . .  

' Legislative Districts: 37th Congressional; 
City Attorney, Rodney K. Smith '- 1 . -  

. .  . .  
. .  second and fourth Wednesdays of each month CiTY OF BLUE LAKE - - 

5 , '  . (County of Humboidt) 
477 Summit Blvd., 92315.- ' Incorporated April 23, 1910 

Central Telephone: 714-866-5831 
Mayor: John C. Eminger 

Courtroom, County Building, : 

Legislative Districts: 2nd Gongressional; - . 
. .  2nd Senatorial; 2nd.Assembly 

second and fourth Tuesdays of month ac 
111 Greenwood .4ve., 95525. 

Central Telephone: 707-668-3655 
Mayor: Stevcn Wrighr. 

' City Manager: Robert L. Van 'Nort . General. law city. Population 1,210. Council meets 
Councilman, Alvin W. Beardsfey 
Councilman, Richard W. Burton 
Councilman, John Joyner 
Councilman, Norman Reinik, Jr- 
City Clerk, Robert Van Nort 0 Mayor pro Tem, Glen Ray 
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Councilman. Elmer Retchless 
Councilman, Fred A. Jacobson 
Councilperson. Mark Bryant 
City Clerk. Mary Taylor 
Treasurer, Karen Nessler 
City Attorney, Richard Platz 

CITY OF 5LY.THE 
(County of Riverside) 
Incorporated July 21, 1916 

Legislative Districts: 37th Congressional; 
38th Senatorial; 75th Assembly 

General law city. Population, 7;289. Council miets 
second and fourth Tuesday evenings in Council 

Chambers, City Hall, 220 North Spring Street, 92225. 
Central Telephone: 714-922-6161 

Mayor; Ernest E. Weeks 
City Manager: Dick Milkovich 

: 

Vice-Mayor, Lyle M.'Ellison 
Councilman, Cyle Johnson 
Councilman, Doris Morgan 
Councilwoman, Frances Duggins 
Police Chief, Glen R. Mackey ' . 
City Clerk, Jeanene Manly 
Fire Chief, Robert Barrozo 
Treasurer, Leora Hollingsbead 
School Superintendent, Clifford Hillis 
City Attorney, J. Scott Zundel 

@BTY OF BWADBWRY 
(Cointy of Los Angaies) ' . . 

Incorporated July 26, 1957 
Legislative Districts: 26th Congressional; 

25th Senatorial; 61st Assembly 
General law city. Population 873. Council meets third 

Tuesday of month a t  7:30 p.m. in City Hall, 
600 Winston Ave., 91010. 

Mayor: Ronald G. Westmyer 
.City Manager: Mrs. Dolly Vollaire 

Central Telephone: 213-358-3218 - 

Mayor pro Tem, Jeffrey Alkana 
Councilwoman, Kim Dillard - . 
Councilman, George McRobcrrs . . 
Councilman, Vacant due to recall: . ' 

City Clerk, Mrs. Dolly Vollaire 
City Attorney, Leland C. Dolley 
City Engineer, Dwight French 

CITY OF SWAWLEY 
(County of Imperial) 

Incorporated Aprii 16, 1908 
Legislative Districts: 43rd Congressional; 

38th Senatorial; 7Sth.Assembly 
General law city. Population 14,753. Council meets firsr 

and third Mondays of month at E30 p.m. in Council 
Chambers. City Hall, 400 Main St., 92227. 

Central Telephone: 714-344-1550 
Mayor: Pat Williams 

City Manager: Walker J. Ritter 
Councilmember, Grace E. Hull 
Councilmember, Ike Adams 
Councilmember, R. C. Valenzuela . 
Councilmember, Wayne T. Zills 
City Clerk, Adyne C. Benedict 
Police Chief, W. J. Santos 
Fire Chief, Amos K. Jones 
Treasurer, Marjorie %. Panosh 
City Attorney, Joseph Schmin 

CiTY OF B.WEA 
. . (County of Orange). 

.Incorporated February 23, 1917 
Legislative Dismcts: 39th Congressional; 
35th Senatorial; 69th and 70th Assembly 

General law city, Population 28,650. Council meets firsc 
. and third Tuesdays of month in Civic/Cultural Center, 

Number One Civic Center Circle, 92621. 
Central Telephone: 714-990-7600. 

Mayor: Donald L. Fox 
City Manager: Wayne D. Wedin . 

. ' 

I 

Mayor pro Tem, Melvin J. LeBaron. 
Councilman, Sal F. Gambina 

Councilman, Ron Isles . 
City Clerk, Dorothy D. Storm 
Police Chief, Donald L. Forkus . 
Fire Chief, Jerry McDowell and Richard Francesconi 
Treasurer, John M. Stark, Jr.- 
School Superintendem, C. Gordon .Bishop 

Councilwoman, Norma Hicks . .- 

ClY" OF BWEMTM10653 
(County of Contra Gosta) . 

Incorporated January 21, 1948 . . 

. . 'Legislative Districts: 7th Congressional; ' 

7th Senatorial; 10th Assembly 
General law citv. PoDulation 4.000. Council meets 

second and fiurth 'Tuesdays of each month in 
Citv Hall. 708 Third St.. 94513. 
Cedtral Telephone: 4!5$34-3505 

Mayor: Barbara J. Guise 
City Administrator: Harry E. Gill 

' . . :  . . .  
Councilman, Bruce C. Ghisdli 
Councilman, Douglass W. Hanner . .  
Councilman, George G. Gamhel ' . 
Councilman, Roger P; Moore 
City Clerk, Harry E. Gill 
Police Chief, James A. Frank 
City Attorney, Dale Adams . ' ' . 

. .  
3 

C1TY OF BR158ANH 
(County of San Matso) 

Incorporated Novembcr 27. 1961 
Legislative Districts: 11th Congressional; 

6th Senatorial; 19th Assembly 
General law ciry. Population 3,500. Council meets 
second and fourth Mondays.of month at  7 p.m. in 
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City Hall, 44 Visitacion Ave., 94005. 
Central Telephone: 415467-15 15 

Mayor: Fred Smith 
City Manager: Brad Kenvin 

Llayor pro Tern, Ar t  Nontentgro. Ir. 
Councilmrmber, Jeannine Hodgc 
Councilman, \l!illim E. Lawrence 
Councilmx~. Don Bradshaw 
City Clerk, Brad Kerwin 
Direcror of Public Safety. E. A. "Bud" Martini 
Fire Chief, C. R. Moritz. . . 
School Suuerintendent. Robert J. Lloyd ' 
City AttoAey, George'J. Silvesk . 

Legislative Districts: 1 l th  Congressional; 
6th Senntorial; 19th Assembly 

General law city, Population 26,209. Council meets firsr 
and third Mondays of month at 8:OO p.m. in City Hall, 

501 Primrose Road, 94010. 
Central Telephone: 415-342-893 1 

Mayor: R. D. Martin 
City Manager: Charles F, Schwalm 

ViceNayor, Victor A. Mangini 
Councilman, Irving S. Amstrup 
Councilman, Gloria H. Barton 
Councilman, William J. Crosby , 
Cirv Clerk. Evelvn H. Hill , ,  
P o k e  Chief,-Al&ed J. Palmer 
Fire Chief, 0. Fred Fricke 
School Superintendent, James E. Black 

am OF BUENA PARK. .' 

(County of Orange) ' . Director of.Finance; Dennis J. Argyrs. 
Incorporated January 27, 1953 City Attorney, Jerome F. Coleman . .  

Legislative Disrricrs; 38th and 39th Congressional; 
35th and 37th Senatorial; 69th and ?Is[ Assembly CUY-OF CALLEMGO ' . 

General law.ciry. Popularion 63,900. Council meets fust 
and third Mondays of each month in ConnciI 
Chambers, City Hall, 6650 Beach Blvd.,, 90620. 

Central Telephone 714-521-9900 
Mayor: JesseM. Davis 

City Manager: Samuel J. Winner (Acting) 

. 

Mayor pro Tem,. James T: Jarrell 
Coundman, Kenneth B. Jones 
Councilman, Lester J. Reese I .  

Conncilmap,.Don R. Griffin . 
City Clerk, Marguerite G. Courson 
Police Chief, Robert T. Reber- 

City Atrorney, Ronald H. Bevins. . - . . 

" 

Fire Chief, S m . J .  Winner. . . .  

' . CITY  OF^ BURBANK. 
(Countv of Los Anaelesl. 

~- ~~ ~ 

. (County of imperial,) 
. . Incorporated April Y6, 1908 

Legislative District% 43rd Congressional; 
38th Senatorial; 75th .Assembly 

General law city. Popularion 14,545. Council'meets firsr 
and third Tuesday of month-in City Hall, 

408 Heber Ave., 92231. 
Central Telephone: 714-357-1176 

. .  

Mayor: Fernando L. .Arguclles . . ' . 
CTty Manager: M. Chris Burt . . 

Mayor pro Tempore, Fred M. Knechel 
Councilman, Fernando .R Torres, J .  . 
Councilman, William L. Moreno . . 

.. 

Councilman, Antonio P. Tirado . .  
City Clerk, James H. Bladi, Jr. ' . . .  

Police Chief,. Humberra C Hernandez 
Fire Chief, Froilan S. Pedroza - 

Incorporated July 8, 1911 
Legislative Dismcts: 22nd Congressional; 

21st Senatorial; 41st Assembly 

Treasurer, Oscar G. Rodrigua .. 
School Superintendent, R. F. Valdez 
City Atrorney, Eduardo A. Rivera 

Chartered.city. Population 88,659. Council meers 
Tuesdays at 7 p.m, in-City Hall, 275 E. .Olive Avenue, . 

91502. 
Central Telephone:. 213-845-8600 

Mayor. Robert E. Olney 
City Manager: James A. A l se  

Vice-Mayor, Mary Lou Howard 
Councilman, Leland. C. Ayers 
Councilman, E. Dsniel Remy 
Councilman, Larry Stamper 
City Clerk, .Evelyn'L. Haley 
Police Chief, James L. Shafer 
Fire Chief, Curtis V. Reynolds 
School Superintendenq Thomas D. Barkelew 
City Treasurer, John B. Whimey 

CBTY OF BURLlNGAME 
(County of San Illateo) 

Incorporated June 6,1908 

CITY QF CAUFOR~V~A CITY ,' 

(Counrf of Kern) 
Incorporated December .IO, ,1965 

Legislative Dismc?: 18th Congressionat; 
16th Senatorial; 34th. Assembly 

General law city. Popularion 2,740. Council meets. 
firsr and third Tuesdays at  730.p.m. in Council 

Chambers, City Hall, 21000 Hacienda Blvd., 93'505. 
514-373-8661 

Mayor: Nancy B. Crews 
Ciry Manager: Joseph L. Cloonan 

Vice-Mayor, W:C. (Bill) Rasmussen 
Councilmember, William G. Cooper 
Councilmember, Patrick G. Hamilton. 
Councilmember, Lotrie M. Walker 
City Clerk, Rasem3ry Hamson 
Treasurer, Michael Goss 
Police Chief, Guy Le Floyd ' ' 

. .  

. 

I 
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Councilman, Michael D. %'ioraan Cirv Attornev. Wwne K. Lemieux 
Fire Chief, ?horn& D. Hodgson 

0 CITY OF CALDPAhR9A 
(County of Imperiai) 

Incorporated February 28, 1919 
Legislative Districts: 43rd Congressional; 

38th Senatorial; 78th Assembly 
General law city. Population 2,360. Council meets 

second and fourth Tuesdays of month at 7:30 p.m. in 

Central Telephone: 714-348-2293 
Mayor: Dr. Norman K. Caldwell 

- City Hall, 101 North Lake Avenue, 92233. 

. Vice-Mayor, Sharron Walker 
Councilman. L. Romualdo Medina 
Councilman, Lloyd (Gene) Sones 
Councilman, Gary Smith 
City Clerk, Margaret Hatfield 
Police Chief, Frank M. Emanuel 
Fire Chief, John Wwlke 
Treasurer, Grace B. Erickson 
City Attorney, Jack Boggust 

61TY Of CALiSTQGA 
(County o i  Napa), 

. Incorporated January 6, 1886 . 
Legislative Disrricts: 2nd Congressional: 

4th Senatorial; 8th Assembly 
General law city. Population 3,850. Council meets first 

and third Tuesdavs of each month in Communirv 0 , 
Center Building, 1307 Washington Street, 94818: 

Central Telephone:. 707-942-5188 
Mayor: Willem Berkhout 

City Administrator: Vacant 
cduncilman, Nick Rulli. 
Councilman, Gayle Keller 
Councilman, Melvin Avila 
Councilperson, Eda M. Wilkinson 
City Clerk, Mary M. D u e  
Police Chief, Tom- Johnson 
Fire Chief, Donald Meyer - 
Treasurer, Louise Schmidt 
School Superintendent, Billy watts 
City Attorney, Homer W. Jones, Jr. 

- 

CITY OF CAMAaR~kLO 
(County of Vantuia) 

Incorporated October 22, 1964 
Legislative Disuicrs: 20th Congressional; 

18th Senatorial; 36th Assembly 
General law city. Population 38,996. Council meets 

second and fourth Wednesday of each month at 
4:OO p.m. a t  601 Carmen Drive, 93010. 

biayor: Mary R. Gayle 
Citv Manaeer: Thomas W. Oelesbv 

I . , ,  
Vice Mayor, Ronald V. McConville 
Councilman, Roderick B. Moore 
Councilman, F. Burrows Esty 

'!' 

%.. 
I.. .. 

City Clerk, kay Kelly . 
Police Chief, Alfred Jalatv 
Fire Chief, Stanley & Misson 

CiTY OF glrAh~1ilPBELk 
(County of Santa Clara) 
Incorporated March 28, 1982 

12th Senatorial; 22nd Assembly 
General law city. Population 29,500. Council meers 

second and fourth Mondays of month at 8:OO p.m. in 
CounciI Chambers, City Hall, 78 N. Central Ave., 95008. 

Central Telephone: 408-378-8141 
Mayor Ralph Doersch, Sr. 

Legislative Districts: 13th Congressional; I .  

V i e  Mayor, William R Podgorsek 
Councilman, Dean Cbamberlin 
Councilman, Russell J- Hammer 
Councilman, Norman Paul 
City Clerk, Phyllis 0. Acker 
Treasurer, M. Nadine Sargent 
Fire Chief, James F. MciMullen 
Police Chief, Donald .R. Burr 
Attorney, J. Robert Dempster 
City Manager, Robert C. Stephens 
Finance Director, k3. H. Whittaker 
Planning Director, Arthur A. Kee 
Director of Public Works, Joseph Elliotr 

Council reorganization 4/81, 

, 

-CITY OF CA6iTOLA. 
(County of Santz:Cruz) 
Incorporated January 11, 1949 

Legislative Districts: 16th Congressional; 
17th Senatorial; 23th Assembly 

General law city. Popularion 9,300. Council meets 
seco1:. 2nd fourth Thursdays of each month at  EO0 pm. 

in City Hall, 420 Capitola Ave., 95010. 
Central Telephone: 408-475-7300 

Mayor: Jerry E. Clarke 
City Manager: .Stephen R. Burrell 

Councilmember, Robert Garcia 
Councilmember, Carin Mndgett 
Councilmember, Michael Routh 

City Clerk, Cathleen Athenour 
Police Chief, Robert L. Allen 
Treasurer, John I. Andersen 
City Attorney, Richard Manning 

Councilmember, Ronald E. Graves . .  

. ' 

CITY QF CARLSBAD 
(County or' San Diego) i ' 

Incorporated July 16, 1952 
Legislative Districts: 43rd Congressional:, 

38th Senatorial; 76th Assembly 
General law city. Population 31,000. Council meets first 
and third Tuesdays at 6:OO p.m. in Council Chamheis, 

City Hall, 1200 Elm .4ve. 92005. 
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Central Telephone 714438-562 1 CITY OF CARi;oiw 
Mayor: Ronald C. Packard 

City Maniger: Frank D. Aleshire 
Vice Mayor, Mary H. Casler 
Councilman, Claude A. Lewis 
Councilman, Girard W. Anear 
Councilwoman, AM J. Kulchin 
City Clerk, Aletha L. Rautenkranz 
Police Chief, Vincent Jimno 
Fire Chief, James K. Thompson 
Treasurer, Frank C. Rice . 
School Superintendent, Robert A. Crawford 
City Arrorney, Vincent F. Biondo 

CITY OF' CARMEL~BY-THE-SEA : 
(County of Montaray). .' 

Incorporated October 31, 1916- ' . ' 

Legislative Districts:: 16th Congressional; 
17th Senatorial; 28th Assembly ' L . ' 

General law city:Population 4,780. Coun&l meets the 
first and second Monday of eachmonth, a t  230 p.m. in 
Council Chambers, City Ha& Monte Verde St., 93921. 

Mayor: Bernard Laiolo 
Central Telephone:.408-624278 1 . .. 

* 

.- City Administrator: Douglas D. Peterson 
r. 

. .  
Councilman, Michael Brown. .. 

. .. . .  

. ,  
. .  .. . 

CITY 05: CARBlNTERIA 
(County of S a n k  Barbara) , 

Incorporated September 28, 1965 . . . 
Legislative Districts:. 19th Congressional; 

18th Senarorid;.35th Assembly 
General law cirv. Population 10.769. Council m'eets 

(County of Los Angalas) 
Incorporated February 20, 1968 

Legislative Districu. 32nd Congressional; 28th and 3 Isr 
Senatorial; S3rd ind 57th Assembly 

General law city. Population 84,963. Council meets first 
and third Mondays of the month in Council Chamhers, 

City Hall, 701 East Carson Street, 90745. 
Cenrral Telephone: 213-830-7600 

City Administrator: E. F. Bien 
Mayor: Clareoce A. Bridgers ' . 

Mayor pro Tem, Thomas G. Mills 
Councilwoman, Kay A. Calas 
Councilman, Walter J. Egan 
Councilman, Vacant (Election 6/81) 

- City Clerk, Helen S. Kawagoe. . 

. 

.. . Treasurer,.Dorothy Carter . .. 
City Attorney, Glenn R. Watson. . '  . . .  . ,  

ClTY OF CERES . : ' ..' . - 

[County of Stanislaus)' ': 

Incorporated February 25, 1918 
LegislativeDismcts:. 14th and 15th Congressional;. 

14tk Senaroriak 27th Assembly- . 

General law cini.. Populauon L3,OOO. Council meets 
second and fourth Mondays ofmonth at 7:30 p.m. in, 

! Central Telephone: 209-537-8911 . .. . . ' 

City Manager: James G. Marshall, 

City Hall, 2720:Second Street,-95307. . .  . . 

. .  .. Mayor: SarCannelIa . .  

. .  
.Vice Mayor, Brian Gr l in  - . . ..- . . , . , 

. .  '. Councilman,TedHumphries . '. : . . ~. 

" 

. .  
Councilman, James.Delhan 
Councilman, Gary Sorlien .. '.' . ' 

City Clerk, Janet Billings .. . .  

. .  .Police Chief, Leroy Cunningham . .. 
. Fire Chief, Truman L. Shnwen 

Treasurer, Beth Hillard 
.School Superintendent, M. Robert Adkison 
Ciry Arrorney, C. Ernest Rushing . . . 
Public Works Director, .Joe Hollstein 
Planning Director, James G. Marshall , . . . ' 

CITY OF B=EW.RITOS ':. " ' 

- ... (County of .Los Angalas) . second and fou;th. Mbndays a t 7 3 0  p.m. in Council 
Chamben; City Hall, 5775 Carpinrecia Avenue, 93013. 

Mayor: John K. Fukasawa 
Ciry Manager: Allan.R:Coaas, Jr.. 

Central Telephone: 805-684-5405 Incorporared April 24, 1956 . . 

i . Legislative Districts: 33rd and 34th Congressional; 
33rd Senatorial; 63rd Assembly 

Chartered city. Population 52,591. Council meets first 
Wednesday of each month and first Thursday after 

third Wednesday at Bloomfield and 183rd Street, 90701. 

Mayor pro Tem, Thomas N. Lewis 
Councilman, David G. Lawrence 
Councilman, Ruben Organista 
Councilman, Ernest C..Wullbrandt . ' ' . .  
Ciry Clerk, Allan R C o a t q  J. .  

Central Telephone: 213-860-0311 : 

City Manager: Gaylord F. Knapp ' . 
Mayor: Diana S. Needham . . . 

. .  
Police Chief. Iohn R. Frontado 

. .  . Mayor pro Tem, Alex H. Beanum Fire Chief, Ciaude Welch. . -  
School Superintendent, William T. Carty . . . .  Councilman, Don Knabe 
City Engineer, Raymond Spencer 
Ciry Arrorney, James R Christiansen . ' 

Community Developmenr Dirccror;Phillip G. Berry 

Councilman, Barry A. Rabbitt 
Councilman, Daniel K. Wong, M.D. 

City Treasurer, Delphin Kent City Clerk-Treasurer, Agnes Hickey 
City Attorney, J. Kenneth Brown 

. ., .: - 

L 

.. . .' 
~ 

. :, .. 
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' CITY OF C"SJIC33 
(county of sum) 

Incorporated January 8, 1872 

1st Senatorial; 1st Assembly 
Chartered city. Population 26,950. Council meets first 

Tuesday of month in Chico Municipal Center, 
421 Main Srreet, 95926. 

Central Telephone: 916-895-4800 
Mayor: Margaret R. Worley 
Ciry Manager: Fred.Davis 

1 Legislative Districts: 1st Congressional; 

Councilman, Shelton Enochs . 
Councilman, Tod Hackman 
Councilm;ln, Karl E. Ory 
Councilman, William Brashears . ' 

Councilman, David Guzzeni 
Councilman, Dan Hays .. 
Ciry Clerk, Barbara A. Evans 
Police Chief, Ulrich F. Bullejahn 
Fire Chief, Phillip Johnston 
Finance Officer, Robert E..Shepherd 
Director, Public Works, Allan Savitz 
Planning Director, Thomas Lando 
Park Superintendent, Dan Neff - 
City Attorney, Robert G. Boehm- 

ClTY OF CHINO 
(County of San Bernardino) 

Incorporated February 28, 1910 
Legislative Districts: 35th Cong?essional; 

32nd Senatorial; 65th Assembly 
General law city. Population 37,200. Council meets first 

and third Tuesdays of month in Council Chambers, 
:3220 Central Avenue, 91710. 

Central Telephone; 114-627-7577 

Ciry Manager: John Gerardi 
. . Mayor: Larry Walker 

Mayor pro Tem, Fred .Agui& 
Councilman, Rafael Xenealy 
Councilman, Ben Burrell 
Councilman, Vacant 
Councilwoman, Eileen Carter 
City Clerk, Patricia A. Biery 
Police Chief. lames Anthony ' 
Fire Chief, 0: M. Short 
School Suoerintendent. Duane E. Stiff 

. 

Treasurer: James S. Diaz 

CBTY OF CHOWCHILLA 
(County of Madara) 

Incorporated February 7, 1923 
Legislative Districts: 15th Congressional; 

14th Senatorial; 30th Assembly 
General law city. Population 5,115. Council meets 

second and fourth Mondays of month at 7:OO p.m. in 
City Hall, 145 Robertson Blvd., 93610. 

Cenrral Telephone: 209-6654816 
Mayor: Reginald 0. Upton 

City Administrator: James W. Peel 
Councilmember, Roy Price 
Councilmember, Curtis Bennett 
Councilmemher. Ed Roherrs 
Councilmember. E. L. "Andy" Anderson 
City Clerk, James W. Peel 
Police Chief, James Curutchet (Acting) 
Fire Chief. Frank Borha 
Treasurer,'James W. Peel 
Public Works Director. William Searcv 
Cir j  Attorney, Richard Hargrove 

61TY OF CHWLA vis-i-a 
(County of San Diago) 

1ncorporated.Octoher 26, 1911 
Legislative Dismcts: 42nd Congressional; 

40th Senatorial; 80th Assembly 
Charrered cicy. Population 85,000. Council meets first 

four Tuesdays of month at 7:OO p.m. in 
Council Chamber, Public Ser+ices/City Council 

Chamber Building, 276 Fourth Ave,. 92010. 
Mayor: Will T. 'Hyde 

City Manager: Lane F. Cole 
Mayor pro Tem, Frank A. Scott 
Councilman, George B. Gillow 
Councilwoman, Gayle L. .McCandliss 
Councilman. Greeorv R. Cox 
City Clerk, Jenni; G. Fulasz 
PuhlicServices (Fire &Police) Director, WilliamJ. Winters . . 
School Superintendent, Leonard Servener 
* Term expires 11/81 (4 yr. term) 

CITY OF CLAWEMOMT 
(County u i  Los Angsles) 
Incorporated October 3, 1907 

Legislative Districm 3 5th Congressional; 
'25th Senatorial; 62nd Assembly 

General law city. Population 30,600. Council meers 
second and fourth Tuesday of month a t  7:3C p.m. a t  

207 Harvard Ave., 91711. 
Central Telephoner 714-624-4531 ' 

Mayor: Eleanor M. Cohen 
City Manager: Leonard G. Wood 

, ,  

Vice-Mayor, Enid H. Douglass 
Councilmember, Sheldon G. Wellins 
Councilmemher, Claire K. McDonald . .  

Councilmember; Stuart M. Wahrenbrock 
Ciry Clerk, Barbara A. Hallamore 
Police Chief, Charles Lines 
School Superintendent, Richard S. Kirkendall 
Treasurer, Martha Gratz 

, G!TY OF CLAYTON 
(County of Contra Costa) 

' . Incorporated March 18, 1964 
Legislative Districts: 7th Congressional; 

7th Senatorial; loch Assembly 
General law city. PDpulation.4,300. Council meets fim 
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and third Wednesdays of month a t  7:30 p.m. in 

Central Telephone: 415489-3622 
Mayor: Helen M. Allen 

Legislative Districts: 17th Congressional; 

General law city, Population 32,050. Council meets.first, 
second and third Mondays of month, 530 p.m. in 

Central Telephone: 209-298-806 I 

City Manager: Allen L. Goodman 

Community Hall. Cenrer and Oak Srs., 94517. 

City Adminisrrator: Joseph E. Comstock 

15th Senatorial; 31s Assembly . .  

City Hall, 1033 Fifth St, 93612. :.- 
0 

Vice-Mayor, Leo Saunders 1, Mayor: Dennis G. Prindiville - Councilman, Serafino Bianchi 
Councilman, James McCormick 
Councilman, Charles A. Levine 
City Clerk, Joseph .E. Comstock 
City Treasurer, Ottomar H. Groschwitz 
City Attorney. M. E. Huguec, Jr. 

Mayor pro Tem, P e g g  ?L Bos 
Councilman, William H. Armstrong 
Councilman. Stanley E. King 
Councilman, Gene Papenhausen 
Citv Clerk. Michael Prandini 

CITY OF CLEARLAKE. 
(County of Lake1 

Incorponred November 14, 1980 
Legislative Districts. 2nd Congressional: 

2nd Senatorial; 2nd Assembly 
General law city. Population 13,275. Council 

meets 1s and 3rd Monday at 7:30 p.m. a t  
South Sbore.Seniors Clubhouse, Golf Avenue, 95422. 

Central Telephone: 707-9948201 
Mayor- Th0mas.M. Hewlett 

City Manager: Vacant 

' 

Councilmember; Doris C. Logotea 
Councilmember, Ed Robey, Jr. 
Councilmember, Eugene Achter 
Councilmember, John J. Lucich, Jr. 
City Clerk, Teresa G. Rifesi. 

Fire Chief. Vacant 
School Superinrenden6 Vacant 
Interim City Treasurer, Roy L. Mead 
Interim City Attorney, Rona1d.Y. Tbunen- 

0 , ,Police Chief. Vacant 

- . ; 

CITY OF CLOVERDALE 
(County of Sonoms) 

Incorporated February 28, 1872 
Legislative Dismcts: 2nd Congressional; 

2nd Senatorial; 2nd Assembly 
General law city. Population 3,950. Council meets 
second and founh Tuesday of month at City Hall,. 

124 Cloverdale Blvd. No., 95425. 
Central Telephone: 707-894-2521 

Mayor: Jack Domenichelli 
Councilman, Jerry  E. Moore 
Councilman, Stephen J. Congdon 
Councilwoman, Marie 0. Vandagriff 
Councilman, Angelo Scalese, Sr.. 
Ciry Clerk, Barbara Peugh 
Police Chief, Rodney H. Persons 
Fire Chief, Milton C. Holt 
City Attorney, John A. Klein I 

CITY ai= CLOVIS 
(County of Fresno) 

Incorporated February 27, 1912 

Pokce Chief, Gerald T:Galvin . 
Fire Chief, James Xankin 
Treasurer, Lois Shriner 
City Attorney, Marvin Helon 

CiTY OF CQACHELLA . ,- . 

i 

.. (County of Riversidat '. 
Incorporared December 13, 1946 

Legislative Dismcrs: 38th Congressional; 
36th Senatorial; 75th Assembly 

General law city. Population 9,9M). Council meets firsr 
and third Tuesdavs of month in Citv Hall. 

1515 Sixth St., 92236. . 
Central Teleohone: 714-398-6131 
. Mayor: Roger H. Perez, Sr. ' 

City Manager: Gregory+ T. Meyer 
Councilman,. Frank V. Du&n 
Councilman, Manuel Arredondo .. 

Councilwoman, Yolanda R.Coba. 
City Clerk, Fern L. Einkle . 
Treasurer, Alice H. Lowery . . . , . . 

Fire Chief, John M. Rios 
School SuperinrendenS Bobby G_ Duke . . 
City Attorney, Chnndler Brown '. 

Councilman, Manuel M. Rios ' .- . 
. .  

Police Chief, Arnold Jimenez . , . .  ' . . 

ClTY OF COAL!MGA 
(County of Fiesno) 

Incorporated April 3, 1906 
Legislative Dimicts; 15th Congressional; 

14th Senatorial; 30th Assembly 
General law city. Population 6,400: Council meets first 

and third Mondays of monrb in the City Hall, 
Sixth and Elm Streen, 93210. . . 

Central Telephone: 209-935-1533 
Mayor: Edward T. ONeilI 

. .  

City Manager: Glenn H.'Marcussen ' . 

Councilman, Walker G. Armstrong 
Councilman, Vincent D. Papagni 
Councilman, Keith h.I. Scrivner 
Councilman, James E: Lam 
City Clerk, Johnnie D. Quinney 
Police Chief, James A. Henry 
Fire Chief, Fred R. Frederickson 
Treasurer, Connie A. Bell . 

... 

i 

. .  
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City Attorney, Henry T. Leckman 
Director.of Public Works, Vacant 

(County ai Placer) 
Incorporated February 23, 1910 

Legisiative Districts: 1st Congressional; 
1st Senatorial; 3rd Assembly 

General law citv. Pooulation 798. Council meets 
second and ?OUR& Tuesdays of month in 

Citv Hall, Main St.. 95713. 
Central Telephone: 91k346-23 13 

Mayor: C.E.. "Buster" Noxon 
Mayor pro Tem, Norman Ruestow 
Councilman, John Kauffman 
Councilman, Robert Findley ' '  
Councilman, Bill Mintline ' '. 

City Clerk, Beny Delgado 
Police Chief, Kenneth K. Westphalen 
Fire Chief, Doran Wilson 
Treasurer, Edna Daniels 
City Attorney, Smith and Ash. 

. . 

TOWN OF CBLMA 
(County oi San Mateo). 
1ncorporated.August 5, 1924 

Legislative Districts: 11th Congressional; 
6th Senatorial; 19th Assembly 

General law city. Popularion 537. Council meets second. 
Wednesday of month ac7r30 p.m. in Council Chambers, 
City Hall, El C m i n o  Real ar Serramonte Blvd., 94014. 

Central Telephone: 415-755-6141 
Mayor: Eugene.E. Daneluz 

Councilman, Charles Gerrans 
Councilman, Raymond D. Ottohoni 
Councilman,. Raymond J. Octoboni 
Councilman, Richard R. Vallerga 
Town Administrator.!Town Clerk, Frances Liston 
Police Chief, Arthur D. Dollosso 
Fire Chief, George Riccomi 
Treasurer, Julia B. Taylor 
Town Attorney, Robert H. Cornell. 

CiTY OF COLTON 
(County of San Bernardino) 

Incorporated July 20, 1887 
Legislative Districts: 36th and 37th Congressional; 
32nd and 34th Senatorial; 66th and 67th Assembly 

General law city. Population 22,500. Council meets first 
and third Tuesday of month at Civic Center, 

650 N. LaCadena Dr., 92324. 
Central Telephone: 714-825-3110 

Mayor: Frank A. Gonzales, 
City Manager: Robert Trevino 

Mayor Pro.Tem, James D. Hayes 
Councilman, Leroy Rehrer 
Councilwoman, Pauline Garcia 
Councilwoman, Connie (Paddy) Cisneros 

City Clerk, Helen A. Rnmos 
Police Chief, Phillip Elliott 
Fire Chief, Allan A. Teague 
Treasurer, Margaret Rerkehile 
City Attorney. Stephen W. Edwards 

esTY OF COLUSA 
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. .  
(Caunty of Coiusa) 

Incorporated June 16, 1868 
Legislative Districts: 4th Congressional; 

1st Senatorial; 3rd Assembly 
General law city. Population 4,034 Council meets 

City Hall, 425 Webster Sneer, 95932. 
Central Telephone: 9164584941 . 

Mayor: Frank W. HubbelI 

' .second and fourth Tuesdays at E30 pm. in 

Councilman, Larry Kicks 
Councilman, Oliver 0. Vaughn , . . 
Councilwoman, Kathleen Beduhe. ' .  
Councilman, Frank Jaconem, Sr. 
City Clerk, Joyce McCullough 

Fire Chief, John T. 'Kiely 
Treasurer, Charles E. Riley 

.. 

Police Chief, Raegene; C. Cation 

School Superintendenr, Jim Mark -. 

. .  

. . .  

CITY OF COMMER$E . , 
. .  

. '  (County of Los.Angeles). . : 
Incorporated January 28. 1960 " . 

Legislative District% 30th Congressional;.. 
24th Senatorial; 56th Assembly . .  

General law city, Population 10,662. Council m%ts first . ' 

.. and third Mo~days of month in Council Chambers, 
5655 Jilson Street, 90040. 
Mayor: Artbur A. Ldya 

City Administrator: Robert Kinderliter 
. v  

G?yor pro Tempore, Ricardo Vasquez , .  

Councilman, Robert Eula 
Councilman, James B. Dimas, Sr. 
Councilman, Dr..h.lichaei V. Guerm. 
City Clerk, John. k Bramhall 

e m  OF CQMPTON 
(County of ios Angeles) 

Legislative Districts: 3 1st Congressionak 
28th Senatorial; 54th Assembly, 

and third Tuesdays at 7:OO pm., second and fourth 
Tuesdays at 3 pm., City Hall, 205 S. Willowbrwk Ave., 

90220. 
Central Telephone: 213-5374000 

Mayor: Lionel B. Cade 
City Manager: Joseph T. Rouzan 

, Incorporated May 11, 1868. 
' 

Chartered City. Population 79,261. Council meets first ' . . 

. 
Councilman, Floyd James 
Councilman, Robert L. &dams . .  

3 .  
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Councilwoman. Jane D. Robbins Central Telephone 916-824-5558 
Councilman. Maxcv D. Filer 
City Clerk, Charlei Davis 0 Police Chief, Tames Carrinson - 
Fire Chief, M&oe Smith- 
School Superintendent, Aaron Wade 
City Anorney, Wesley Fenderson 

CiTY OF COMC8RD 
(County of Contra Costa) 
Incorporated February 9, 1905 

Leeislative Districrs: 7th Conmessional: 
~ 7th~ Senatorial;- 10th Assembly ' . 

General law city. Population ,103,809. Council .meets first, 
second and fourth Mondays of month in Council 

Chamber,-Civic Center, 1950 Parkside, 94519. 
Central Telephone: .415-671-3000 

Mayor: June V. Bulman , 
CiG Manager: F a m l  A. Stewart 

Vice-Mayor, William H. Dixon . , . 

Councilman, F5chard.T. La Pointe 
Councilman, Stepbcn L. Weir ' , 
Citv Clerk. Bernadette Carroll' 

Councilwoman, Diane Longshore . .  

P o l k  Chief, G. "Bud" Savage 
Fire Chief. William F. Maxfield 
Treasurer, Harold 0. Ostiing 
City Attorney, David J. Levy 

. CITYbFC8RCORAN . 
- 0 (County of Kings) - 

. .  IncorpratedAu@~st 11, 1914 . .. 
Legislative District: 17th Congressional; . 

15th Senatorial; 32nd Assembly 
General law city. Population 6,416. Council .meets first: 
and third Mondays of month ar7:OO p.m. in City Hall, 

1033 Chittenden Ave., 93212. 
Central Telephone:.209-992-2151 

Mayor: Albert F. Kessler 
Ciry Manager: George T. Lambert , 

Vice Mayor, Harold A. James 
Councilman, Gary LeMay ' . 
Councilman, Bruce George 
Councilman, Sonny Oxford 
City Clerk, Connie H a m s  . 
Police Chief, Joel Patton 
Finance Director, Joyce Denzinger. . ~ 

Fire Chief, ConFcted 
Community Development Director, Barbara A. Kaiser 

CITY Of 160FZNlNdG. 
(Coun61 of Tahama) 

Incorporated August 6, 1907 
Legislative Districts: 1st Gngressional; 

1st Senatorial; 1st Assembly 

. . Mayoi.: Gary R. Strack 
City Manager: Ben B. Anderson 

Councilman, George "Bud" Williams 
Councilman, A. R..Kirkpatrick 
Councilman, Morris Thompson 
Councilman, Alan Honore 
City Clerk, Darlene Dickison 
'Police Chief, John B. Fulks, Jr. 
Fire Chief, James Calbreath 
Treasurer, Sally Martin 
City Attorney, C. A. Stromsness 

. CiTY O F  CORONA 
(County of Riverside) 
Incorprated July 13, 1896 , _  .. 

Legislative Districts: 36th Congressional;. ' .  * 
34th Senatorial; 68th Assembly 

General law city. Population-37,867. Council meets first 
and third Wednesdays at 6:30 p.m. in Council 

Chambers, 815 Sixth St.. 91720. 
Central Telephone: 714-736-2201 ' ' 

Mayor: Tom Gundenon ' , 

City Manager: James D. Wheaton 
Mayofpm Tem, Lewis W. Hull 
Councilman, Bill F. Bass 
Councilman,. Richard Deininger, Jr. 
Councilman, David A. Felix 
City Clerk, Diedre' D. Lingenfelter. 

Fire Chief, Vacant. 
Treasurer, Mrs. Ina R Smith 
Schwl Superintendent, Dr. Augustine Ramira 

_. .. . .  
.. 

.. 
Police Chief, Bob J. Talberr.- . .  

. .  - -  . . . ' ' ' 

-, . ,  . .. . I .  

. . ci-w o F c s ~ o i m o  . .  
,. ' (Counwof $an Disgo) 

Legislative Districts: 42nd Congressional; . , . . -  1ncorporated.December 11, 1890 '. : . .  

40th Senatorial; 79th Assembly 

and third Tuesday of the month at 3:OO p.m..in 
.City Hall, 1825 Strand Way, 92118:. 

Central-Telephone: 714-435-221 1 

General law city. Population 18,800. Council meers first . ' 
'.. 

Mayor: C. Patrick Callahan . .  
Ciry Manager: Ray Silver. < 

. .  Mayor pro Tem. Mary Herron 
Councilman, William Adams. 7 

Councilman, Dick Bottomley . .  . 
Councilman, Robert Odiorne .'. 
Citv Clerk. Thomas Patricola 

. .  
. .  

P o k e  Chief, Vacanr 
Fire Chief. Robert E. Shanahan 
School Superintendent, Dr. William A. Kinder :. I 

. '  . .  General law city. Population 4,980. Council meers [County of Marin) . .  . 
second and fourth Monday of month a t  730 pm- in,  

Council Chambers, City Hall, 3rd.and Solano Sts., 96021. 
Incorposated June 10, 1916 

Legislative Districts: 5th Congressional; ~. 
. .  . .  

. .  
0 

. 
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2nd Senatorial; 9th Assembly 

General law city. Population 7,982. Council meets first 
and third Mondays of month in Town Hall, 94925. 

Central Telephone: 415-924-1700 
Mayor: Michael J. Boland 

Town Manoger: Douglas Dawson 
Councilwoman, Marta Sullivan 
Councilman, Robert L. Dunn 
Councilman, Robert J. Flahive 
Councilwoman, Jana Haehl . ' 

Town Clerk, Bemy S. Behel 
Police Chief, Phillip Green 
Fire Chief, Robert W. Shearer 
Treasurer, George T. Warman, Jr., 
Town -4rtorney. Albert Bianchi 

CITY OF COSTA MESA. 
(~oun ty  of'orange) 

Incorporated June 29, 1953 
Legislarive Districts; 4 t h  Congression.al: 36rh Senatorial; 

73rd and. 74th Assembly 
General law city. Population 81,600. Council .meetings 

held first and third Mondays in City Hall, 

. . 

77 Fair Drive, 92626. . .  
Central Telephone: 714-754-5223 ~ 

Mayor: Arlene Schafer 
City- Manngez Fred.Sorsabal 

Vice Mayor, Donn Hall 
Councilwoman, Norma Hemog  
Councilman, Eric Johnson 
Councilman, Ed McFarland 
City Clerk, Eileen P. Phinney 

'Fire Chief, John Marshall 
City Attorney, Tom Wood 

' 
Police Chief, Roger E. Neth . .  . 

ClTY OF COTATI 
(County of Sonoma) 

Incorporated July'16, 1963 ' . 

Legislative Districts: 2nd. Congressional; 
2nd Senatorial; 9th Assembly 

General law city. Population 3,572. Council meets 
second and fourth Tuesdays of each month in 

City Hall, 201 Sierra Ave., 94928. 
Central Telephone: ?07-795-5478 

Mayor: Eve ORourke . 
City Manager, Rory C. Robinson 

Councilwoman, Linda Shorey 
Councilwoman, Tamara Davis 
Councilman, Allen .Stansbury 
Councilwoman, Katherine Roberts 
City Clerk, Rory Robinson 
Police Chief, Gerald Kohler 
city Attorney, Jeffrey A. Walter 

ClTY OF COVIM.4 
(Couniy oi Los Angeles) 

Incorporated Augusr 14, 1901 

Legislative Districts: 35th Congressional; 25th Senatorial; 
62nd Assembly 

General law city. Population 39,000. Council meets first 
and third Mondays of month in City Hall, 

125 E. College +,, 91723. 
Central Telephone: 213-331-0111 

Mayor: Charles G. Colver 
City Manager: Richard A. Miller 

Councilman, Jerry Edgar 
Councilman, Karl W. Jaeger. . 
Councilman, Robert G. Low 
Councilman, Henry M. Morgan 
Ciry Clerk; Frieda C. Richardson 
Police Chief, Michael O D i y  , . ' 

Fire Chief, Carl Johnson. 
.Treasurer, Albnrt Braggins 
School Superintendent, Erwin N. Jones 

. .  

G1TY Of CRESCENT CITY. 
(County of Dal Norta) 
Incorporated April 13, 1854 . .  

Legislative Districts: 2nd Congressional; . 
2nd Senatorial; 2nd Assembly 

General. law city..Population 3.105. Council meets 
Monday following third Friday in City Hall. 

. .  450 H St., 95531. ' . 
. Central Telephone:/07464-7483. 

City Manager: William G. McGinnis , . . 
Mayor: Robert Seligman 

Mayor pro Tem, Roberta L. Lirdeton 
Councilman, George R. Mayer 
Councilman, Michael J. Scnvuzzo 
Councilman, C. Ray Smith 
City Clerk, Ma:cia Standley 
Police Chief, Clinton R. Standley 
Fire Chief Arthur R. Wakefield 
Treasurer/Finance Director, Rodney Jahn . 
Public WorksDirector. Nicholas G. Gargaetas 

. ' 

CITY OF cvDnHY 
(County of Los Angales) ' 

Incorporated November IO, 1960 
Legislative Districts: 29th Congressional; 

29th Senatorial; 47th Assembly 
General law city. Population 18,114. Council meets first 

Monday of each month at 7:30 p.m. in Council 
Chambers, 52% Santa Ana St., 90201. 

Central Telephone: 213-773-5143 
Mayor: Leo P. Turner 

City Manager: Frank M. Usher 

,, . . - 

. .  
Mayor pro Tern, Faye 31. Dunlap 
Councilman, Ernest B. Bristow 
Councilman, Fred Guido 
Councilman, John-0. Robertson, Jr. 
City Clerk, Frank M. I'sher 
City Attorney, Richard Laskin 

. 

. . .  
.. __ ., . .. . -. _. . 
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. .  Cl3-Y cw CULVER CITY 
(County of Los Angeies) 

Incorporated September 17, 1917 
Legislative Districrs: -28th Congressional; 

30th Senatorial; 49th Assembly 
Chartered city. Population 38,671. Council-meets 

second and fourth Mondays at 230 p m .  in 
City Hall, 9770 Culver Blvd., 90230. 

Central Telephone: 213-837-5211 

0 

Mayor: A. Ronald Perkins 
Chief Administrative Officer: Harry D. Jones 

Vice Mayor, Paul A. .Netzel 
Councilman, Paul A. Jacobs. 
Councilman. Richard Brundo. 
Councilman, Richard M. Alexander . 
City Clerk, Pauline C. Dolce, 
Fire Chief, George F. Sweeny .. 
Police Chief, E. E. Cooke . . . 
City Treasurer, Lu Herrera. 
School Superintendent, Dr. Cums 1: Rathmeyer 
City Attorney, Robert D. Ogle ' ,  

' 

' 

CITY OF %hBPERTlihlQ 
(County .of Santa.Clara) 
Incorporated Octobez 10, 1955 

Legislarive Districts:. 13th Congrcssional; 12th Senatorial; 
~ I S C ,  22nd and 23rd Assembly 

General law city. Population 40,991. Council meets first 
and third.Mondays of month at 6:45 p.m. in Council 

Chambers, City Hall, 10300 Torre Ave., 95014. 
Central Telephone: 408-2524505 

Mayor: W. Reed Sparks 
City Manager. Robe- W. Q i n l a n  

'. 0 
Mayor pro Tem: John Gatto ' I  ' 

Councilwoman,.Barbara A..Rogers ' . . 
Councilman, Phil Johnson 
Councilman, John Plungy . 
City Clerk, Dorothy Cornelius 
Police Chief, Robert W. @inlax 
Fire Cbief, Gordon Payne 
Treasurer, Blaine Snyder 
City Attorney, Charles Kilian- 

* ClTPT a=CYPRE§§ 
(County of Orange) 

Incorporated July 24, 1956 
Legislative Districts: 38th Congressional; 

37th Senatorial; 71st Assembly 
Charter city. Population 40,400. Council meets second 

and fourth Mondays of each month in Council 
Chambers, City Hall, 5275 Orange Avenue, 90630. 

Central Telephone: 714828-2200 
Mayor: Gerald Mullen 

- .  

City Manager. Darrell h e x  . . 

Mayor pro Tern., Cornelius M. Coronado, Jr. 
Councilman, ORO J. Lacayo 
Councilman, Howard Rowan 
City Clerk, Darrell &sex 
City Trasurer,  Dennis Davenporc 
Police Chief, Orbrcy L. Duke 
School Superintenden< William B: Calton 
City Attorney, John J. Murphy 

0 

ROSTER 

CITY OF DWLY ClTY 
(County of San Mateo) 
Incorporated .March 21, 1911 

Legislative Districts: 1 lth Congressional; 6th Senatorial; 
18th and 19th Assembly 

General law city. Population 78,500. Council meets 
second and fourth Mondays of month in Council 

Chambers, City Hall. 333 90th Srreet, 94015. 
Central Telephone: 415-9924500 
Mayor: Anthony A. Giammona 
City Manager: David R. Rowe 

Mayor pro Tem, Albert M. Teglia 
Councilman, Victor G. Kyriakis 
Councilwoman, Jane Powell 1 
Councilman, James J. Tucker 
City Clerk, Betty M a w  
Treasurer, Anthony Zidich 
Police Chief, David A. Hansen . . . 
Fire Chief, H. Keith Schrock. 
City Attorney, Albert E. Polonsky ' . 

- .  ' . CITY OF DAVIS. 
(County. of Yolo) 

Incorporated March 28, I917 
Legislative.Districts: 4th Congressional; 

4th Senatorial; 4th.Assernb'ly ' 

General law city. Population 37,800. Council meeu first 
four Wednesdays in City Hall, 23 Russell Blvd., 99616. - 

. 

. .  
. . Centra1,Telephone: 916-756-3740 

Mayor: Cecily J. Motley 
City Minager: Howard L. Reese 

Mayor pro Tern, Wi1liarn.D. Kopper I . .. . .  Councilman, Gerald J. .Adler . .  
Councilman, T h o m q J .  Tomasi * 

. .  Councilman, James L. Stevens, Jr. 
.City Clerk, Howard Reese 
Police Chief, V. W. Mentink 
Fire Chief, Michael L. Doneen 

City Actorney, P. Lawrence Klose 

. 

". 

: School Superintendent, Robert Trigg 

CITY OF DELANO 
(County if Kern) 

Incorporated April 13, 1915 
Legislative Districts: 18th Congressional; 

15th Senatorial; 32nd. Assembly 
General law city. Population 16,475. Council meets first 

and third Mondays of month at 7:30 p.m. in 
Council Chambers, I015 11th Avenue, 93215. 

Central Telephone: 805-725-0230 
Mayor: Harry T. Hofman 

City Manager: Richard Copeland 

. I  

Mayor pro Tem, Leonard T. Velasco 
Councilman, Earl W. Schauland 
Councilman, Joe Hochschield 

' Councilman, Stevert D. Kinsey 
City Clerk, Dorothy Dowell 
Police Chief, Mickey Chernekoff 
Fire Chief, Willard Swam . 
Treasurer, Larry Wendell 
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C1TY OF DEL MAR 
(County of San ,Diego] 

@1TY OF D1NU13'4 
(County of Tuiare) 

Incorporated July 15. 1959 
Legislative Districcs: 43rd Congressional; 

38th Senatorial; 76th Assembly 
Chartered city. Population 5,168. Council meets first 
and third Mondays of month at 7:30 p n  in Council 
Chambers, Cicy Hall, 1050 Camino del Mar, 9'014. 

Central Telephone: 714-755-9313 
Mayor: Louis M. Terrell 

City Manager: Robert L. Nelson 

Incorporated January 6, :906 
Legislative Districts: 17th Congressional; 

15th Senatorial; 31st Assembly 
General law city. Population 9,839. Council meets 

second and fourth Tuesdays of month at 7:30 p.m. in 
Council Chambers. Recreation Center, 

1390 E. Elizabeth Way, 93618. 
Central Telephonp. 209-391-1203 

Mayor: Jack Conway 
-. Mayor pro Tem, Richard L. .Roe City Manager: Vacant 

- Councilmember, Rosalind Feierabend Councilman, Gary Truitc ~ 

0 

Vice-Mayor, George Wayadande 
Councilman, Dennis Tatum 

Councilman, Don Rager 
City Clerk/Finance Director, @oble Shaw 
Police Chief, Pat Buie 
Fire Chief, Art  Gillespie 
School Superintendent, Dr: Mark Fabrizio 
City Attorney, 'Ernest H. Turtle 

I 

Councilmember, Nancy Hoaver 
Councilmcmbrr, Harvey Shapiro 

City Clerk, M a n  Slater 
Fire Chief, William H. Tripp 
School Superintendent, Patricia Horkan 
City Attorney, D. Dwight Worden 

. .  

3% . .  

x 

GlTY OF DEL REY OAKS 
(County of Monteray) 

Incorporated September 3, 1953 
Legislative Disrricrs: 16th Congressional; 

17th Senatorial; 28tb Assembly 

Tuesday of month at 8 pm.  in Ciry Hall, 
650 Canyon Del Rey Rd., 93940. 
Central Telephone: 408-394-8511 

Mayor. Robert B. Franco 

General law city. Population 1,830. Council meets 

Councilman. jfiseph P. P.ussell 
Councilwoman, Joan G. Moises 
Councilman, Charles W. Benson 
Councilwoman, iMelva D. Bryant 
City Clerk, Joyce A. D e m a n  
Police Chief, Herschel R Amos 
City Attorney. Robert Wellington 

- 

fourth 

C!TY OF DIX(B3Pd ' ' : 

. .  (County of Soiano) 
Incorporated March. 30, 1878 

Legislative Disrricrs: 4th Congressional; 
4th Senatorial; 4th Assembly 

General law city. Population 7,491. Council meets 
second.and fourth Tuesdays of month, in 

Police-Courts Bldg., 155 N. 2nd St., 95620. 
Central Telephone: 916-478-2326 
Mayor: Marime Burton-Halloran 
City Manager: David L. Harris 

Mayor pro Tern, joe Andexson 
Councilwornan, Maureen Southwell. ,. 
Councilman, Bob Reeb 
Councilmzn, Ted Hickman 
City Clerk, Ben Fairfield 
.Police Chief, James Van Cleaf 
Fire Chief, W. H. Fairfield 
City Treasurer, Bea Fairfield 
School Superintendent, Gerry Laird 
City Attorney, Ronald E Moe 

. .  

. .  . .  

CiTY OF DORWIS . -  G U Y  QF DESERT PLOT SPRINGS 
(County of Riverside) I 

:I Incorporated September 25, 1963 (County of Siskiyou) , 
,. . 
. I  Legislative Dismctc 37th Congressional; Incorporated December 23; 1908 

*. 38th Senatorial; 75th Assembly Legislative District: 1st Congressional: 
General law city. Population 6,000. Council meets first 
Tuesday of each month.at 7:30 p.m. in the City Hall 

Council Chambers, 11711 West Drive, 92240. 
Central Telephone: 714329-611 1 

Maybr: Julius Corsini 
City Manager: Leslie J. G i s t  

1st Senatorial;.lst Assembly 
General law city. Population.840. Council meets first 

Monday of a c b  month a t  7:30 p.m. 
in Council Chambers, City Hall, 96023. 

Central Telephone: 916-3974281 
Mayoc .Danny Andreatta 

Vice-Mayor, Carl May Councilman, Fred OCnnnor 
Councilman, Bill Minney Councilwoman, Martha Devitc 
Councilman, Bea Wolf - Councilman, Al!sn Barison 

Councilman, John Kelupke 
City Clerk, Nancy N. Morrison 
Police Chief, Denver Wortbington 
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Fire Chief, Rickey Bay 
Treasurer, Pam S .  Roy 
City Attorney, Robert Thomas Attorneys 

G l W  OF DOS PAL43S 
(County of Merced) 
Incorporated May 4, 1935 

Legislative Districts: lSth Congressional; 
14th Senatorial; 27th Assembly 

General law city. Populanion 3,213. Council meets first 
and third Tuesdays of month a t  200 p.m. .in City Hall, 

1546 Golden Gate Ave., 93620 

Mayor: James F. Foster 
City Administrator: Anthony J. Dias. 

,, Cenrral Telephone: 209-392-2174 

- 
. .  Mayor pro.Tem, Mario Giannoni 

Councilman, Gerald Westlake. 
Councilman, Alleyne.Antoine 
Councilman, Jerald-O'Banion.,-: ... .. ' ' 

City Clerk, J0seph.G. Lerner . , 

Police Chief, Howard A. Sager: 
Fire Chief, "Chick" Ceccarelli. ' ' 
School Superintendenr,.Leamon Hansen .& Van Sweet 
Treasurer, Betty J. 'Arkins.. ~. , . .  

CITY OF DOWNEY: ~. 

(County of 10s Angeles) . 
' . Incorporated Decembcr.l7.:1956 , ' 

Legislative Districts 33rd Congressional; ; 
63rd Assembly; 33rd.Senarorial 

Chartered city:.Population 82,404. Council meets second 
and fourth. Tuesday of month at 730 p.m. in 

Council Chambers; City Hall, 8425 E. 2nd St., 90241. 
Mayor: Theodore H. Jackman 

City  manage^ Charles W. Thompson 
Mayor pro Tem. Milton R Mackaig 

Councilman, James T. @inn . 
Councilman, Robert G. Cormack .' 

City Clerk-Treasurer, Robert L. Shand .: 
Police Chief, Wm. F. Martin . 
Fire Chief, Don Davis 
School Superinrendenr, Manuel Gellegos , 

Councilman. Lyell W. Swearingen- , , ' . . .  

. ' 
." 

. ' 

CiTY OF DUAWTE 
(County of Los.Angeles)- .' 
Incorporated August 22, 1957' 

Legislative Districts: 26th Congressional; ; 
25th Senatorial; 61st Assembly 

General law city. Population 15,100. Council meets 
second and fourth Tuesdays of month in 

City Hall, 1634 E. 3rd Sr.. 91010. 
Central Telephone: 213-357-793 1 

Mayor: James J. Coughlin. 
City Manager: J. Kenneth Caresio 

klayor pro Tem: Carl Falkenborg 
Councilman, Mervin A. Money 
Councilman, John C-Van Doren; 

Councilman, J, A. Montgomery 
City Clerk:Treasurer, J. Kenneth Caresio 
School Superinrendenq Dr. Richard Key 
City Attorney, William Camil 

A .  

GPBY OF'DUPdSLL1UiR' .. 

(County of Siskiynu) '. 

IncOrpOr.ated August 7, 1909 I 

Legislative Districts: 1st Coilgressional; 
1st Senatorial; 1st Assembly 

General law city. Population 2,340. Council meers first 
and third Tuesdays of month at  7:30 p.m. in City Hall. 

Cedar St. and Dunsmuire Ave., 96025. 
Mayor: '7. L. "Buck" Osborne- 
City Manager: Casey Nesbir 

Councilperson. Billiejean Blank . . . 
Councilperson, Harry Renoud 
Councilperson,. Emmett Hill . . 
Councilperson, Margaxec Thunbargx ' , 

City Clerk, Ardith L. Wopschall I 

Police ChiefJohn Rowland : 
Fire Chief, Robert Kenoyer .' . 
Treasurer, P. W. Lindt 
City Attorney;Chris Sri-omsnessi-. 

. 

. .  
' ,  '.;i 

xr 

Incorporatcd .November.20,, 1912 . . .  

. .  
.. . 

. -  . .  . 
, . 'if * . _  . .  

I .  

CITY O?=EL CAJOM. . : : .' . .. . '. .-4 
. . .  . .  (County of San Diego) . '  j . 

.. ' :? . "  
Legislarive.Disrricts 43rd Congressinal; . '. ~. . 

. .  
39th Senatorial; 77th Assembly . 

7 ' General law ciry. Population 72,100. Council meets -... T.' 
' every Tuesday of.month a t  4:OO pin. & 7:30 p.m. .in . . ..'I '-:I. 
:. Council Chambers, 200 East Main Smeer, 92020. ~. - . '  -. .:?: .. 

5 Central Telephone: 7144404776 . . ' 

. "T  

I . .  4, 

.. I: 

. .  . '  . .  MayorJohn Reber. . . ' ~ 

City Manager: Robert M. Applegate . .. Mayor pro Tern,' Dona W. F o m r  
Councilwoman, Hamet M. Stockwell . ' 

Councilman, Jack L. Hanson ' .! 

Councilman, C. Dan Conaway . . . ( 
City Clerk, Mildred R. Kennel 

.Treasurer, Harvey H. Henderson . . . . .  . ~. 

. I  

. ,  . "  
? 

Police Chief, Wallace A. Dart . ' . 
Fire Chief, Roger D. House 

City Arrorney,,Lynn R. McDougal I ., . ' 
-' . I 

' : '  . -i 
-. CITY OF EL GENTS38 . .  

(~6unty  of Imperial) . '  

Incorporated April 16, 1908 . : 
. . .  

Legislative Districts: 43rd Congressional; - . 
. . 38th Senatorial: 7Sih Assembly . ' 

General law city. Popularion 25,600, Council.meets first. 
and third Wednesdays of month ac 7:30 p.m. in Council, 

Chambers, City Hall, 1271 Main Srreer, 92243.. 

Mayor: Dale Gares 
CiG Manager:..Abdel L..Salem (Acting) 

., 

,. Central Telephone: 714-3524011 

Mayor pro Tem, James House 

. .  

. .  
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Councilman, Henry P. Alarcorn 
Councilwoman. Iris R. DeZarn 
Councilman, Tony Beltran 
City Clerk. Rita Noden 
Police Chief, Hugh Keating 
Fire,Chief, Tom Garner 
Treasurer, Randall Horton 
School Superintendent, Dr. Richard H. Brautigam 
Director of Finance, Abdel L. Salem 
Planning Director, Oliver M. Alvarado 
City Engineer, Dan Brammer 
Director of Public Works, Darryl bl..Avrit 
City Attorney, James L. Darrow 

Cn-Y OF EL CERRSTB 
(County of Contra Costal 
Incorporated August 23,. 1917 

Legislative Districts: 8th Congressional;. 
7th Senatorial; 11th Assembly 

General law city. Population 22,689. Council meets first 
,and third Mondays 32 8 p.m. in Council.Chambers, 

City Hall, 10890 San Pahlo Ave., 94530. 
Central Telepbone: 415-234-2323 

Mayor: James E. Allen, Jr. 
City Manager: Richard V. Brown 

. ' 

Mayor pro Tem, Jean B. Siri 
Councilman, Howard P. Abelson . : 

Councilman, Margaret A. Collins . '. 
Councilman, Richard A. Spellmann 
City Clerk, Lucille V. Irish 
Police Chief, Patrick T. Reeve .. 
Acting Fire Chief, Nyc Butler, 
Community Development Director, Jean Travis Smith 
City Attorney, William J. Kreumrr 
Ciry Trasurer, Patricia L Calvert 

GlTY OF EL MONTE 
- (County of Los Angeies) 
Incorporated November 18, 1912 

Legislative Districts: 26th and 30th Congressional; 
26th Senatorial; 60th Assembly 

Legislative Districts: 27th Con,sressional; 
27th Senatorial; 51.51 Assembly 

General law city. Population 15,6W. Council meets 
first and third Tuesdays at 7:OO p.m. in 

Council Chambers, City.Hal1, 350 Main St., 90245. 
Central Telephone: 213-3224670 
Mayor: Richard K. Van.Vranken 
City Manager: Arthur E. Jones . 

Mayor pro Tem, liVilliam D. Bue 
Couacilman, Charles K. Armstrong 
Councilman, Marvin R. Johnson 
Councilman, Jack E. Siadck . 
City Clerk, Valerie A. Burrowes 
Police Chief, James E. Johnson 
Fire Chief, Thomas J. Baron 
Treasurer; Louise Eckersley 
School Suoerintendent, Dr. Chester R. Ingilr, - ' ' 

Ciry Ano;ney, Mark C. Allen, Jr 

C3TY Of EM.€RYVILLE .' 
(County of Alameda) 

Incorporated December 8, 1896 . 
Legislative Districts: 8th Congressional; ' 

9th Senatorial; .13th Assembly 
General law city: Population 4,200. Council meets 

first and third Tuesdays at 8:OO .p.m. in 
City Hall, 2449 Powell Street, 94608. 

' , Central Telephone: 4154544161 . ' 

Mayor: Wallace E. Fox 

. .  

.. 

ViceMayor, Esther Spriggs 
Councilmember, James Golden 

Councilmember, Dorothy Heintz ~ . ' 
Ciry Clerk, Odessa T. Hall 

Fire Chief, Ramon Vittori 
Treu.' er,James S. Lindsay 

City Attorney, H. Theodore Craig 111 

Councilmember, Lauia Davenport . . . .  

Police Chief, John B. Lacoste 

Schoot Superintendent,. William: Murray . .  

- - 

General law city. Population 79,005. Council meets 
second and fourth Tuesdays at 7:30 p.m. in 

Council Chambers, City Hall, 11333 Yalley Blvd., 91734. 
Central Telephone: 2 13-575-2252 

Mayor: Jack T. Crippen 
'City Administratorr Doughlas Dunlap 

(County of San Joaquin) ; 
Incorporated March 12, 1957 

13th Senarorial; 26th Assembly 
,Mayor pro Tem, Don McMillep General law city. Population 3,117. Council meets firsc 
Councilman, Murray Cluff and third Monday evenings at.185S Coley Ave., 95320.. . 
Counciiman, Henry Velasco , Central Telephone: 209-838-3556 
Councilman, Thomas Keiser Mayor: Th0mas.F. Hagan. City Clerk, Louise Herbert 
Police Chief, Wayne Clayton . ' 

Fire Chief, Charles Masten 
Treasurer, Charles Rqybzl 

Legislative Districts: 14th Congressional; ' ' - 
-. 

. .  

City Administrator: Earl Wilson - . .  
Vice Mayor, James Fulton 
Councilman, Carl Vilen 
Councilman. David C. Ennis 
Councilman, Melvin R Focha . .  

ClTY.QF EL SEC2UfuDS 
(County of Los Angsles) 
Incorporated January 18, 1917 

.. City Clerk, Earl Wilson 
Police Chief, Jack B. Storne 
Fire Chief, Frank Silviera 
School Superinrendent, Jacob Klessens 
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Attorney, Leo Milich 
City Treasurer, Patsy Haley 

CITY t2F ESCONDIDO 
(County of San Djego) 

Incorporated October 8, '1888 
Legislative Districm 43rd Congressional; 

38th.Senatorial; 76th Assembly 
General law city. Population 62,500. Council meets first 

four Wednesdays of each month at 7:30 pm. in 
Council Chamber. 100 Valley Blvd., 92025. 

. Central Telephone: 71474111703. 
. Mayor: Ron B i m e r  

City Manager: Ray Windsor 
Mayor pro Tem, Arr Dane11 
Councilman, Doug Best 
Councilman, Jerry C. Harmon 
Councilman, James M. Rady . 
City Clerk, Linz M. Hill 

Fire Chief, Louis Whyre, ' . 
Treasurer, Ruth.-V..Thomas ' ~, 

City Arrorney, David R. Chapman 

. 

I ;  Police Chief, James.Connole . , . .  - 

CITY 0% ETNA 
(County of Siskiybu) 

Incorporated March 13, 1878. 
Legislative Districtsdst Congressional; 

1st Senatorial; 1st .Assembly' 
General law city:Population 751:Council meets first 
' and third Mondays.of month in Council Room. - 

Central Te!ephone: 916-467-5256 
Mayor: Wendell Hr Seward 

City Hall, 96027. - 

Mayor pro Tem, George A. White 
Councilman, Dean Autry 
Councilman, Leroy Bane1 
Councilman, G l r s o n  BaLfrey 
City Clerk, Lousie Thomas 
Police Chief, David Bradford . . 
Fire Chief, Ariel F. Facey 
Treasurer, Delores Hottendo& . . 

GilTY OF EUREk.A ': 
(County of Humboldt) 
Incorporated ApriI.18, 1856 

Legislative Districa: 2nd Congressional; 
2nd Senatorial; 2nd Assembly 

Chartered city. Population 24,337. Council meets first 
and third Tuesdays of month in Council Chamber, 

City Hall, 531 K Street, 95501. 
' ' Central Telephone: 707443-7331 ~ 

Mayor: Fred J. Moore, Jr, 
City Manager: Robert Stockwell 

Councilman, James A. Howard 
Councilman, William P. Dimmick 
Councilwoman. Bonnie B. Gwl 
Councilman, Clifford L. Stewart 

Councilman, Thomas J. Mc,Murray, Jr. 
City Clerk, Patricia A. Banducci 
Police Chief, 0. R. Shipley 
Fire Chief, Raymond R. Lay 
City Attorney, John L. Cook 

G$TY OF EXETER 
(County of Tulare) 

Incorporated March 2, '1911 
Legislative Districts: 17th Congressional; 

15th Senatorial; 32nd Assembly 
General law city. Population 5,488. Council meets 
second and fourth Tuesdays of month at 7:OO p.m. 

P.O. Box 237, Exeter 93221 
Central Telephone: 209-592-3710 

Mayor: Phyllis Turner 
City Administ~ator: Stanleigh Megargee 

. .  

Councilman, Henry Fry 
Councilman, Alvin Miller 
Councilman, Alvin Goula~te 

. . Councilwoman, Vicki Dungan 
City Clerk, Leigh Megargee 
Police Chief, Frank Jeffers 
Treasurer, John Mangini - 

. .  
TOWN OF FAiRSAX' . 

(Countyof Marin) 
Incorporated March 2 ,  193 L 

Legislative Districts: 5th Congressional; 
2nd Senatorial; 9th Assembly 

General law city. Population 7,661. Council meea I 

second Monday of each month% Council Chambers, 
Women's Club Bldg.. 46 Park Road, 94930.. 

Mayor: JoHanna Willmann 
. .  Central Telephone: 415-453-1584 

City Administrator: Rodney B. Brown .. . . 
Mayor pro Tem, Frank J. Egger 
Councilman, John S .  Arnold 
Councilwoman, Carol Sherman . .  

Councilman, Francis J. OConnell 
City Clerk, Elizabeth L. Yafa 
'Police Chief,. Charles A. Grasso 
Fire Chief, George Hettema 
School Superintendent, Carolyn Horan (Acting) 
City Attorney, Wallace Si ,Myers 

. .  

CITY QF FAJRFELD 

- . . .  

(County of Solano) 
' Incorporated. December 12, 1903 

Legislative Districts:.4th Congressional;. ' . . 
4th Senatorial; 4th. Assembly . ' 

General law city. Population 58,100. Council meets first 
and third Tuesdays ar 700 pm.. in Council Chambers. 

1000 Webster.Street, Civic Center, 94533. 

.Mayor: Gary Falati 
City Manager. B. G.aIe Wilson 

Central Telephone: 707425-1031 . ' 

Councilman, Carl Pullen 
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Councilman. G. Ben Huber J' 
Councilman, Manuel Campos 
Councilman, Carl V. Carlson 
Ciry Clerk, Bessie M. Day 
Chief of Public Safety, Charles Huchel 
Treasurer, Elsie Turr i  
School Superintendem, :usrin Bardelliqi 

C!TV OF FARMERSWLLE 
(County of Tularsl 

. Incorporated October 5, 1960 
Legislative Dismcts: 17th Congressional; 

15th Senatorial; 32nd Assembly 
General law city. Population 4,220. Council meets 

second and fourth Wednesdays of month in City Hall 
147 E. Front St., 93223. 

Mayor: Larry Miller 
Vice-Mayor, Joe Alvarado 
Councilmember, Charlie Joiner 
Councilmember, Nancy Rye 
Councilmember, Charles Felix 
City Clerk, Lucille Scorn 
Police Chief, Garry Meek 
Volunteer Fire Chief, Garry Meek 

CITY Of FERNDALE. 
(County of Humboidt) - 

7 

Incorporated August 28, 1893- 
Legislative Districts: 2nd. Congressional; 

2nd Senarorial; 2nd Assembly 
General law city:.PopuIation 1,100. Council meets first 

Monday of month.in City Hall, 834 Main St., 95536 
Central Telephone: 707-7864224 

Mayor: Stanley L-Dixon ,I 
Councilman, 'Wil!iam A. Ener . 
Councilman, Michael A. Ring. 
Councilmaq Jack Alman  
Councilman, Charles Goff 
City Clerk, Mary C. Jorgensen 
Police Chief, Jerry Meadors 
Fire Chief, Lee Tomasini 
City Attorney, Dominic Banducci 

. 

6l-i-Y OF FKkMORE 
(County or' Ventura) 

Incorporated July IO, 1914 
Legislative Dismctr: 20th Congressional; 

19th Senarorial; 37th Assembly 
General law city. Population 8,661. Council meets 

second and fourth Tuesdays of month in City Hall, 
524 Sespe Ave., 93015. 

Central Telephone: 805-524-3701 
M3yor: Ernest J. Morales 

City Manager: R Wesley Nichols . . . . .  
Vice Mayor, Arthur B. Henry 
Councilman, Kenneth C. Stewart 
Councilman, WiIliam A. Dewey B Councilwoman, Delores I. Day 

City Clerk, Mary E. Scoles 
'Police Cfiief, William A, Brewer 
Fire Chief, George Campbell 
Treasurer, Jim L. McGuire 
City Attorney, Joseph P. D. ICern 

clasp OF Fi9E5AUGH 
(County of Frssno) 

.. Incorporated,September 17, ,1914 
Legislative Districts: 15th Congressional; 

14th Senatorial; 30th Assembly 
General law city. Population 4,126. Council meets 
second and fourth Mondays of month in City Hall, 

1575 11th St., 93622. 
Mayor: Ralph P. Tucci 

City Administrator: Mark Duchon 
Mayor-pro Tem, Martin Sean Howard 
Councilman, Ron Leyva . . 
Councilman, Clyde Fannon 
Councilman, Eugene Cline, Jr- 
Councilman, R. E. Landucci 
City Clerk, Flora Mae Shuemake . ' . 
Police Chief, Howard C. Manes 
Fire Chief, John G. Borboa 
Trensurer, Barbara Hall Bolton 
School Superintendem, Morris W. Kyle 

C1TY OF FQLSOM - 
Incorporated April 20, 1945 . .  

- (County of Sacramento) 

Legislative Districts: 1st and .3rd Congressional; 
3rd and 13th Senatorial; 5th and 7th Assembly - 

Council meets first and third Mondays of a c b  month ac 
7:30 p.m. in City Hall, .SO Natoma.St., 95630. 

Central Telephone: 916-985-2070 
Mayor: P. Stanley Gisler, 

Ciry Administrator: James R. Erickson 

.. . General law city. Population 11,350. . .  

Vice-Mayor, Fred V. Scheidegger 
Councilman, Rodney M. Carmody 
Councilman, George :E. Hannaford. 
.Councilman. Dennis .D. Inks 
City Clerk, Ms. Arlene Soto 
Police Chief. Clifford L. Smith 
Fire Chief, Robert Welch 
Treasurer. Mrs. Barbara Patrick 
School Superintenden< j,ames S..Laughridge 
City Attorney, Philip C. Mering 

61-w Of FQMTANA 
(County of §an Bernerdino) . 

Incorporated June 25; 1 9 0  
Legislative Districts: 36th Gng~essionat; 

32nd Senatorial; 66th Assembly 
General law city. Population 25,275. 

Council meets first 
and third Tuesdays of month in  Civ Hall, 

8353 Sierra Ave., 92335. 

. .  

.', 

.. 
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Central Telephone: 714-823-341 1 
Mayor: Frank Honen 

City Manager: Jean D. Ratelle I1 
Mayor pro Tem, William Kragness 
Councilman, Charles Korbler 
Councilman, Bill Freeman 
Councilman, John G. Gilday, Jr. 
City Clerk, Patricia M. Murray 
Treasurer, John D. Piazu 
Police Chief, Joseph L. Uhalley 
Fire Chief, Duane Mellingcr (Co. Disc) 
School Superintendent, Rudolph Macioge (Acting) 
City Attorney, Srevcn Dorsey 

CfTY OF FQBRT'BXAGG 
(County of Mendocinoi -' 
Incorporated August 5, 1889' . 

Legislative DistrictsrZnd Congressional;:' .', 
2nd Senatorial; Znd.Assembly-. . , - ,  

General law city.Populatipn. 5,025. Council meets 
second and fourth Mondays of monthin.City Hall, 

416 Franklin,Sc,:95437. ....... 
Central Telepb0n~~707-964-5325,. . ' . -. 

Mayor: Matdew.V. Hubere. . : . . ' . . . .  . . .  
Councilman, Robert Barney . - .  ,.: . . . .  

. . . .  
Councilman, Dick.Seale . -. . , " 
Councilman. Matt Huber - . .~ . .  

. .  Councilmas .Andre Schade ' . ' .- "-  . : 
City Clerk, Naida Andrcis -.: 
Police Chief, Jodean Mayberry .: .i . 
Fire Chief, Fred Bardni . .  
Treasurer, Gary DI Milliman :.. 
School Superintendent, Daniel.F..MulvihiU ' 

. . . . . . .  .. 
' -  

. .  

- . : 
~ 

CITY OF F0iT;JdNES . . . . .  

'(60un~~ofof.Si$kiyou)' . . .  

Incorporated March. 16, 1872 ~, . : 
Legislative Dismcts: .IscCongressioAal; -. 

1st Senatoriai; 1st Assembly . ,. 
.General law cicy. Population 515. Council meets first 

Mondayof each month.at 7:30 p.m- in ; 

, . CentralTelephone:916-468-2281~ - - . 
. ,Mayor: Mary Berry - '  .; . . 

Community Center, 96032. . ' . ; 

Councilman, Janice Baker ' ' . .  
Councilman, Daniel Hunt 
Councilman, Warren F. Nelson - 
Councilman, David Meyer 

Police Chief, Paul Wagner : r 
Fire Chief, David LaMarr , . 
Treasurer, Earl Herzberg ' 

City Attorney, Larry Bacon 

. 

City Clerk, Gerald Scouten . .  

GITY OF FORTUNA . . 

(County o) Humboldt) 
Incorporated February 20, 1906 

Legislative Districts: 1st Congressional; 

1st Senatorial; 2nd Assembly 
General law city. Population 8,950. 

Council meets first and third Mondays of month at 
7:30 pm.  in rhe Council Chamber, City Hall, 

621 11th St., 95540. 
Central Telephone: 707-725-3308 

Mayor: Ray E. Steward 
City Manager, Robert M. Davis 

Councilman, Neil P. Palmer 
Councilman, Virgil S .  Neshitt 
Councilman, Dudley N. Maxwell 
Councilman, Beth Rundell 
City Clerk, Jo Ann .Boerger. 
Police Chief, William P..Terry . .  

. .  

Fire Chief..'!Bud" Wescotc .' 
.... City Attomey, Sam L. Stone ..,. 

Superintendent 06 Public Works, Thomas J. McWhornr . I 
. '*. 
. -. 

. '  .* 
. _ -  M'  . - .  ,~ 

. .  . .  

&'Y.OF FeSTER C!TY I ' .  : .:': 

. .  . . . . . . . . . .  . I .  * (County of San Matao) 

10th Senatorial; 20th Assembly . -  

._ ... 
. .  - . . . .  Incorporated April 27, ,1971 ' . .  . .  . .  

. . Legislative Districts: 11th Congressional; 

. . ;i 
' . . 

and third Mondays at7:30 pm.  inCouncil Chambers, . I- ',: 

., General law city, Populatinn.24,600. Council meets first 

' \  . 600 FosterCirv Boulevard: 9 W . .  . . .  I . . . . .  . .  
-i.. . . . .  Central TeleI;hone;.415-349-1200 ....... .- . . . . . .  . .  . ,  

7 . .  ' . Mayor: DavidtR. .&.uss- . .  
- - Vice.Mayorr.RogerCbinn . .  . . .  . . .  .~ 

:. , -City Managcr:.Richard D. Wykoff' i ~ '. 
. . . . .  
: , .. .c 

.. 
a -  

. .  

,. .: . .  
Councilman; C1ifton.A. Chava. -. 
Councilman, Peters.  Gilbert..: . '  . 
Councilman, Clark A. Barren--. ,:: 
City Clerk, Andre3 M. Pavone . * .  

City Treasurer;Stadey F. Stephens, Jr.. -. 
City Attorney, Kenneth M. Dickerson 

. .  . .  ::. 
. .  :. . < .  . . .  Public Safety Director, John ]..NoRon'. ' . . .  ' - .  
. . .  . .  . . 

. . . . .  . . .  . .  . .  . _. . .  . .  

. . b=iW8i=FFOUi?lTA1PaVALhEY -. 
. .  . {County of Orange) . .  

Incorporated June.13, 1957 : 

Legislative:Dismcts: 38rb and 40th.Congressional; 
36th-and 37th Senatorial; 71st, f2nd and 73rd Assembly 
General law city. Population 54.590. Council meets first 

and third Tuesdays of-each month at 8 p.m. in 
. .  City Hall, 10200 Slater Ave.; 92708. . 

Central Telephone:.714-963-8321 . .  . . 
Mayor: AI Hollinden. ... 

City Manager.:RohertVollmer, : . . .  

I . .  ' 

Mayor pro Tern, Ben Nielsen 
Councilman, Marvin P. Adler 
Councilman, Eugene Van Dask 
Councifwoman, Barbara Brown ' 
City Clerk, Evelyn McClendon 
Police Chief, Marvin Ii :Fomn ' 

Fire Chief, Tom Feierabend 
City Attorney, Thomas I.. W&ff 

. .  

'; . ,  
. .  

.. .. 

' . ~ .  : < 
. . . .  ... .- . 
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CiTY OF FOWLER 
[Couniy of Frasno) 

Incorporated June 15, 1908 
Legislative Districts: 17th Congressional; 

15th Senatorial; 3 1st Assembly 
General law city. Population 2,280. Council meets first 
and third Tuesdays in. City Hdl, '125 S. Sixth, 93625. 

Mayor: Johnny Tikijian 
Mayor pro Tem, Fred Davis 
Councilman. Ken I(ar1e 
Councilman, Kirk Mirigian 
Councilmas Roland Hill 
City Clerk, Merle Kleinbammer 
Police Chief, James Martin - 
Fire Chief, Clyde Baumback, . . 
Treasurer, .Annette Fewer . . 
School Superintendent, John Taylor 
City Attorney,. R. R Campagna. 
Director of Public Works, James Grigsby 

CITY OF. FREMONT 
(County of Alamedaf 

Incorporated January 23, 1956 . . . 

Legislative Districts:. 10th Congressional;. 
1ltb.Senatorial: 25th Assembly 

- 

General law .city. Population. 131,486. Council meets first 
j four Tuesdays of month at 230. p.m. in the 

Council Chambers, City Government Bldg. 
39700,Civic Center Drive, 94538. 

' .  Central Telephone: 415-791-4500 
Mayor: Leon J: Mezzetti 

City Manager:. Allen E. Sprague (Acting) 
ViceMayor, Yoshio Fujiwara 
Councilman, Angus Morrison- : 

Councilman, Bob Reeder . : 
Councilwoman, Jan Stillwell ' ' ' . 
City Clerk,Douglas Ea&. . . 
Police Chief,.Roberr Wasserman 
Fire Chief, Dean Eolzgrafe 
Schwl Superintendent, Dr. Wayne Ferguson 
City Attorney,.Lyle Lopus (Acting) 

.'. : , 

ClTY OF FRESNO 
(County of frssno). . 

'. . Incorporated October 12, 1885 
Legislative Dismcts: 15th and 17th Congressional; 
14th and 15th Senatorial: 30th and 31st Assembly 

Chartered city. Population 194,826. Council meets every 
Tuesday ar PO0 a.m., except. 2nd .and 4th Tuesdays at 

200 p.m. in Council Chambers, City Hall, 
2326 Ftesno St., 93721. 

Central Telephone: .209488-3033 
Mayor: Daniel K. Whitehursr 

Chief Administrative Officer: Gerald E. Newfarmer. 
Councilman, Joe Rei& 
Councilman, Lwnel Alvarado 
Councilman, Joe 'Williams 
Councilwoman; Linda Mack 
Councilman, Dale Doig 
Councilman, Ted C. Wills . . 

City Clerk, Jacqueline L. Ryle 
Police Chief, George Hansen 
Fire Chief. Lee Hill 
School Superintendent, Vacnnt 
City Attorney, James A. McKelvey 

ClTY QF FUbkERTpSN 
[Gounty of Orange) 

Iocorporated February IS, 1904 
Legislntive Districts: 39th Congressionaf, 

3jrh Senatoriak.69th Assembly 
General law city. Population 103,334. CounciI meets first, 

second and third Tuesday of month in Council Cham- 
bers, City Hall, 303 W. Commonwealth, 92632. 

Central Telephone: 7.14-73E-6300 
Mayor: Wayne H. Bornboft 

City Manager: Leslie R Whire 
Mayor pro Tem, Richard C. Ackerman 
Councilman, Linda L e Q i r e  
Councilwoman, Sue Tsuda .. 
Councilman. Duane Winters . .  

City Clerk, knne M. York 
Police Chief, Martin Hairabedian 
Fire Chief, William Houser , .  

City Attorney, R K. Fox. . ,  

ClTY OF GALT 
(County.of Sacramento) 
Incorporated August 16, 19% 

13th Senatorial; 7th Assembly ' 

General iaw city. Population 5,554.:Council meets firsr- 
and third Tuesdays of month in Council Chambers,. ' 

City Hall, 380 Civic Drive, 95632. 
Central Telephoner 209-795-1535 .. 

- Mayor: R O ~ R  G. Dumett 

. .  

Legislative Dimicts: 14th Congressional; . , ,. 

. 

,. 

: 

. , .  City Administmtor: Joseph M. Tanner. ., . , 
Councilman, Ken L. Marrlin 
Councilman, Ronald V. Jacobsen. 

Councilman, Marian 0. Lawrence- , . 
Citv Clerk. Berniece Shellev 

. .  Councilman, Don Prachar, J: .. 

. . .  
P o k e  Chief;Robert S .  Fulier . . ! 
City Engineer, Waldo Kolb 
City Treasurer, Jacqueline A: Day. 
City Attorney, Keith W. Lamb , . .  . . .  

. .  
. .  

CiTY OF GARDEN GRQYE . , ,  

(county of orange) . .  

Incorporated June 18,1956 ' 

Legislative Districts: 38th and 39th Congressional- 
35th and 37tb Senatorial; 

69th, 70th. 71sL and 72nd Assembly 
General law city. Population 121,7!39. Counci1.meets first 

four Tuesdays of the month a t  730 p.m. in 
Council Chambers, Community Center, 

11300 Stanford Avenue, 92640. . . 
Central Telephdne:.714-638-6623 
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Mayor: Jonathan H. Cannon 
City Manager: Delberr L. Powers 

bhy0r pro Tem. J. Tilman Williams 
Councilman, Roherr F. Dinsen 
Councilman, Leonard Holland 
Councilman, Milton Rrieger 
City Clerk, Jeri Louise Stately, CMC 
Police Chief, Frank Kessler 
Fire Chief, Douglas Spickard 

ClTY OF GARDENA 
(County of Los Angeles) . . 

Incorporared September 11, 1930 
Legislative Districts: 3 1st Congressional; 

28th Senatorial; 53rd Assembly 
General law city. Population 44,551. 

Council meets second and fourrh.Tuesdays of monrh 
a t  1700 W. 162nd St, 90247. 

Central Telephonel213-3274220 
Ivl~yor: Edmond. J. Russ 

Administrative Officer: John C. Shethan 
Mayor pro Tem, Donald L. Dcar- 
Councilman, Charles A. Nader 
Councilman, Paul Tsukahara : 
Councilman, Masani (Mas) Fukai 
City Clerk, May Y. Doi 

Fire Chief, Andy Bero . 
Treasurer, George Kohayashi 
City Artorney, Michael H. Miller, 

. .  Police Chief, Richard K. Propner . .  
. 

.. G i n  OF 'GiLRW 
- .  (County of Santa C!ara) .. 

Incorporated March 12, 1870 
Legislative Disuias: 13th Congressional; 

11th Senatorial; 24th Assembly 
Charrered city. Population 21,550. 

Council meets first-and third Mondays of month i n  
Council Chambers, City Hall, 7351 Rosanna St,  95020. 

Central Telephone. 408-842-3191 
Mayor: Norman B. Goodrich 

City Administratorr Fred 0. Wood 
Mayor pro T e a ,  John E. Pare - 
Councilman, Robert E. Taylor 
Councilman, Brian D. Cunningham 
Councilman, Marion T. Link 
Councilwoman, Sharon Alben. 
Councilwoman, R o b  H. Hughan 
City Clerk, Susanne E. Steinmea 
Police Chief, Gregory C o w m  
Fire Chief, Albert L. Brirtain 
Schwl Superintendent, Rodney Kelley 
City Attorney, Bruce M. Jacobs. 

CITY m=GbEPdDALE. 
( C o m f y  of, bos Angeles) 

41% and 42ndAssembly 
Chartered city. Population 139,3 17. 

Council meets every Tuesday at 2 p.m. and fourrh 
Thursday at 8 p.m. of each month in Council 
Chambers, City Hall, 613 E. Broadway, 91205. 

Central Telephone: 213-956-1000 
Mayor: John F. Day 

City Manager: Hugh McKinley ' 

Councilman, Carroll W. Parcher 
Councilwoman, Ginger Bramsherg 
Councilman. CarL Mesech 
Councilman, Robert W. Garcin . .  
City Clerk, Merle H. Hagemeyer 
Police Chief, Duane R. Baker 
Fire Chief, Allan R. Stone . . 
Treasurer, Pauline S. Lockharr 
School Superintendent, Burtis E. Taylor 
City Artorney, Frank R. Manuno 

. .  

'. : 

CWfOFGL€N.DOWA ' 

(C~unt.p of bos Angeles) ' , . . 
Incorporated November 13, 1911 

Legislative Districts: 26th Congressional; 
25th Senatorial; 62nd Assembly 

General. law city. Population~38,180. Council meets 
second and fourth Tuesdays at.7:30 p.m. in Council 

Chamber, City Hall, 116 E. Foothill Blvd., 91740. 
C e n a l  Telephone: 213435471 

City Manager. James M. Evans 
Mayor: JamerW. Vincent . .  - 

Mayor pro Tem:.John E. Hackney . 
Councilman, John Gordon 
Councilman, Ken Prenesarer ' . 

City Clerk, Culver E. Heaton, Jr. . 
Police Chief, Oliver B. Posey' 
City Treasurer, Sam Shwetz 
School Superintendent, Patrick Bushman. 
City Attorney, Maurice O'Connor 

. 

Councilman, Guy A. Williams, Jr. . ' ' . . .  

. 

GiTY OF Ge3MZAbES.. . ' , 

(County of Mcnterey) 
Incorporated January 14, 1947 

Legislative Disrricrst 16th Congressional; 
17th Senatorial; 29th.Assemhly ' . 

General law city. Population 2,891. Council meets 
first and third Mondays af 8,p.m. in 

City Hall, 109 Fourrh St,, 93926. 
Central Telephoner 408-675-2321 

Mayor: Joe Sveimson 
City Manager: Berkley Brannon 

Mayor pro Tem, Harry Singh 
Councilman, John Kissinper 
CounciIman, Vernon Silver . . 
Councilman, Charles VilIegas 
City Clerk, Berkley Brannon 
Police Chief. Georm Garcin 

Incorporated February 15, 1906 Fire Chief, Richad Galvrr . 
Legislative Dismcts:.22nd Congreuional; 21% Senatorial; Treasurer, Shirley Piffero 
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CITY OF GRAND TERRACE 
(Caunty oi San Bernardino) 
Incorporated November 30, 1978 

Legislative: Districts:'36th Congressional;. 
32nd Senatorial; 66th Assembly ' 

General law city. Population 10,203. Council meets 
first and third Thursdays of each month.at 

2273 1 Grand Ttrrace Road (Terrace View Elementary 
School), 9?324. 

Central Telephone: 714-824-6621 
Mayor: .Thomas A. Tillinghast 
City Manager: Seth Armsread 

Mayor pro Tern, Hugh J. Grant 
Councilman, Tony P e m  . 
Councilman, Roy Nix 
Councilman, Jim Rigley . ' 

Fire Chief, Don Bangham 
Police Chief, Gpr .  Phil Schuyler 
City Attorney, Ivan Hopkinr 
City Clerk, Myrna Lindahl - 
City Engineer, Joe Kicak 

GlTY OF GRASS VALLEY 
(County of Nevada) 

Incorporated April 15,.-1861 
Legislative Districrs: .Ist Congressional; 

1st Senatorial; 3rd Assembly 
Chartered cirv. Ponulation 6.203. Council meets second 

and four& T;esdays of month at. 7:30 p.m. in 
Citv Hall. 125 E. Main SL. 95945. 
C&al Telephone: 916273-1203 

*Mayor: F n n k  E. Knuckey 
'Assistant Mayor, Dennis Hill 
Councilman, Edward Scofield III 

'Councilmaq. Jearold F. Brnst 
Councilman, A1 Frisch,.Sr. 
City Clerk. Nellie L. Martin 
Police Chief, Melvin Mouser 
Fire Chief, John Straka 
City Attorney, Dwight L. Moore 

Council reorganization July 1981 

C1TY OF GREENFiEtD 
(County of Wlontereyf 

Incorporated January 7, 1947 
Legislative Dismcts: 16th Congressional;. 
- 17th Senatonal; 29th Assembly 

General law city. Population 3,524. Council meets 
first and third Tuesdays of month .It 

213 El Camino Red, 93927. 
Central Telephone: $08-674-5591 

Mayor: Leonard Dart 
City Manager: George Scarborough 

Councilman. Jam& R. Guerrem 
Councilman, Ray Blach 
Councilman, Bill Williams 
Councilman, Elias DeLeon, Jr. 
Treasurer, Charles Fields 

Police Chief, A. Lanarr Sauer 
Fire Chief, Chauncey McDonald 
Interim School Superintendent, Richard Denure 

. City Attorney, John Hutcon 

CfTY OF. GRIDFEY 
(County of Burt4 

Incorporared November.23, 1905 
.Leg&lative Districts: 1st Congressional; 

1st Senatorial; 1st and 3rd Assembly 
General law city. Population 4,000. Council meets first 

and third Mondays of month in City Half, 
685 Kentucky St., 95948. 

Central Telephone: 916-846-5695 
Mayor: Doris Long 

. .  

Councilman, Dan Bocger 
Councilman, James Tupen . 
Councilman, Darwin W. Spurgeon 
Councilman, Michael Greer 
City Clerk, Evelene D. Payne 

Fire Chief, bfarvin Scon 
City Engineer, Vacanr 
City Attorney, Bob Millington 
Finance .Director, Evelene D. Payne 

Police Chief, John B. Donnahoe . .  

, .  ..CITY OB: GROVER G!TY . .  

(County of San Luis Obispoi 
Incorporared December 21, 1959 f 

Legislative Districts:_l9th Congressional; . - . 
: 17th Senatorial; 29th Assembly 

General law city. Population 8,400. Council meets 

154 S .  8th St.,.93433. 

Mayor: Robert H. Newdoll 

' - 
first and third Mondays of month in City Hall. . .  

Central Telephone: 805489404'? ' 

City Administrator: Arnold Dowdy - . 
Mayor pro Tern, Juanita J. Qgalls 
Councilmember, Alfred C. Dutra . . 
Councilmember, Woody Lynn 
Councilmember, Jack Kean 

Police Chief, David Brown 
Fire Chief, Lowell Forister 
School Superintendent, Robert Hoagland . . 
City Treasurer, Linda J. Maher 
Deputy City Treasurer, Arnold Dowdy 

City Clerk, Arnold Dowdy '.I 

. .  

CITY OF GUADALUPE' 
(County of Sante. Ba&araj 

Incorporated August .3, 1946. 

18th Senatorial; 35th.Assembly 
General law city. Popuiation 3,250. Council meets 
second and fourth Mondays'of month at E30 p.m. 

in Room 8, 918 O b i s p  Street, 93434. 
Central Telephone: 805-343-1310 

Mayor: Frank T. Almaguer 

- Legislative Dismcts: 19th Congressionak 

. ' 

i 



136 CALIFORNIA ROSTER 
City Administrator: William Stanton, Jr. 

Mayor pro Tem, Leo J. Gondolfi 
Councilman. Eugene C. Groppetti 
Councilman, Leo J. Gondolfi 
Councilman, John Sherrell 
City Clerk, Nancy C. Etteddgue 
City Treasurer, Sandra DallaCosta 
Fire Chief, Henry']. Lawrence 
Police Chief, Leonard A. Chapman . 
School Superintendent, Alejandro Ochoa 
Ciry Attorney, Gerald W. Shipsey and.Jbhn L. Seitz 

0 

CITY OF GUSTIWE ' ' '  

(Counw 'of Memad) 
Incorporated November 11, 1915 

Legislative Districts: 15th Congressional; 
14th Senatorial; 27th Assembly 

General law city. Population 3,119. Council meets. 
first and third Mondays of month in 

City-County Bldg.. 682 Third Ave., 95322.. 
Central Telephone 209-854-6471 

Mayor: Daniel Serpa. 
Ciry Manager: David K. Witter 

Mayor pro Tem, Elizabeth Bekencourr 
Councilman, Victor Mamino 
Councilman, Johnnie Borrclli. 
Councilman, Chester Bonta - ' 

City Cleck, David K. Wines' ' , . 
Police Chief, Roberr Belmono. . ' 

Fire Chief, Richard Vierra 
Treasurer, Adelyne M. DeGregori ,' 

School Superintendent, Robert Lasley 
City Attorney, Francis R. Rnggierri 

. .  

. .  

0 .  " 

C l W  ~ ~ . ~ ~ ~ ~ ' ' ~ ~ ~ ~ ' 5 A ~  '., 

(County of San Msteo) . ' 

Incorporated July 15, I959 

lUth Senatoriai; 20th Assembly 
General law city. Population 7,134. Council meets first 
and third Tuesdays of month at 8 p.m. in  Community 
Room, Half Moon Bay Library, 620 Correas St., 94019, 

(Mailing Address: P.O. Box 67) 
Central Telephone:-415-7265566 

Mayor. John H. Shaw, Jr- 
City Manager. W. Fred Mortensen 

Legislative Districts: 11th Congressional; , 

Vice-Mayor, Dolores B. M u U i  
Councilman,.Melvin A. Mcllo, Sr. 
Councilman, Helen R Bedesem . .  
Councilman, Jack C. Bishop 
City Clerk, Ralphena .R. Guest . 
Fire Chief, Lawrence Centoni 
Police Chief, John E. Gonzales 
School Superintendent. Dr. Michael Adams 
City Anorney, James P. Fox 

. 

CITY OF HANFQRD 
(County of Khgs) 

' Incorporated August 12, IS91 
Legislative Districts: 17th Congressional; 

15th Senatorial; 32nd Assembly 
General law city. Population 20,812. Cquncil mrrts first 

and third Tuesdays of month in  Council Chambers, 
City Hall, 400 N. Douty, 93230. 
Central Telephone: 209-582-2511 

Mayor: Simon Lakritz 
City Manager: Vincent G. Petersen ' .  

Councilman, Jeffrey S. Nicklas . 
Eouncilman, Joe H. Crain, Jr. 
Councilman. Stan Ham 
Councilman, J. Brent Madill 
City Clerk, Dorothy A. Manos 
Police Chief, Curtis L. Henderson 
Fire Chief, George Watson 
Treasurer, Tom Dibble. 
City Attorney, Lawrence Clawson . '. 

.. . 

' CITY OF HAWAI,tAN GARDENS 
(County of L O ~  Angsles) . . 

Incorporated.April9, 1964 
Legislative 'Districts: 34th~Congressional; 3 1st Senatorial; 

58th Assembly 
General law city. Population.9,950. Council meem second 

and fourrh Tuesdays each month at 8 pm 
in City HaU~21815 Pioneer Boulevard, 907.16. ' . 

Central Telephone: .215420-?@+1 
Mayor: Jack M. Myen , 

City Administrator: Ray D. Harris 
Mayor pro Tem, Venn W. Furgeson. -. 
Councilman, Lupe A. Cahrera 
Councilwoman, Margaret J. Vineyard . . 
Councilman, Donald E. Schulae 
City Clerk, Carol 1. Dorfmeyer ' , -' 

City Treasurer; Helen Mork, 
Chief of Police, Peter. J. Pitchess 
Fire Chief, Clyde A. Bragdon 
City Anorney, Graham A: Ritchie 

. . 

CITY OF HAWTHOW.NE--- 
(County d L o s  Angsles) 

Incorporated July 12, 1922 ' '  

Legislative Districts: 31st Congiessional; 28td Senatoriai;.. . , 
53rd Assembly 

General law city. Population 55,500. Council meets sec- 
ond nnd fourch Mondays of month at 

8 p.m. in City Hall, 4455. W. 126th St.. 90250. 
Central Telephone: ,213-970-7902 

Mayor. Bruce Gies 

. 

City Manager: R. Kenneth Jue . . . 

Vice Mayor: Joseph Miller 
Councilman, Guy Hocker 
Councilwoman, Beny J. Ainsworth 
Councilman, Larry Guyer, Jr. 
Treasurer, Howard Wohlner 
City Clerk,. Joan C. Fiasimmons. (Acting) 
Police Chief, Kenneth R. Stonebraker (Acting) 
Fire Chief, Ralph Hardm 

. .  

. .. 
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[Counw of Alarneda) 
Incorporated Match 11, 1876 

Legislative Districts: 9th and 10th Congressional; 
8th Senatorial; 15th Assembly 

Councilman, Donald Young 
CoGncilman, David Kahn 
City Clerk, Edward J. Rodeghier 
Police Chief, Roger Miller 
Fire Chief, Richard Fuerestein 

. -- ClTY OF HAYWARD 

Chartered city. Population 97,004, Council meets 
first four Tuesdays of each month at 8 p.m. in 

Council Chambers, City Center Building, 
22300 Foothill Blvd., 94541. 

Central Telephone: 415-j81-23+5 
Mayor: Illene Weinreb 

City Managet: Donald A. Blubaugh 
Councilman, George P. Oakes 
Councilmsn, Alex Giuliani 
Councilman, Lawrence J. Ratro- 
Councilwomak Shirley Campbell 
Councilman, Julio J. Bras 
Councilman, Gail Sreele 
City Clerk, (Mrs'.) P?loma R. Weaver 
Police Chief, Charles Plummer . . 
Fire Chief, William 'I: Neville 
School Superintendent,.,Dr. Allen C. Bushnell 

CITY OF HEALDSBURG . ' 

(County of Sonoma) 
Incorporated February 20, 1867 

Legislative Districu: 2nd Congressional; 
I. 1st Senatorial; 2nd Assembly 

General law city. Population 7.137. Council meets first 
and third Mondays of month in City Hall, 

Central Telephone: 707-433-9425 

City Manager. Michael W. McDonald 

126 Matheson St., 95448. . , 

Mayor: Robert J. Haviland , ' ' . 

Councilman, Paul Dix 
Councilman, William Proctor .. 
Councilman, James Stanfield . - .  
Councilwoman, Rita Schroeder . .  
City Clerk, Katy Gladden 
Police Chief, Louis E. Bertoli 
Fire Chief, Ken Hanky 
Treasurer, Kenneth Hampton 
School Superintendent, Roberr L. Malone 
City Attorney, John Klein 

CiTY OF #EMET 
(County of Riverside1 , .  

lncorporated January 20, 1910 . 
~ 

Legislative Districts: 37th Congressional; 
38th Senatorial; 67th and 7Sth.Assembly 

General law city. Population 22,411. Council meets 
second and fourthTuesday of month ar 230  pm. in 

City Offices, 450 E. Latham Ave., 92343. 
Central Telephone: 714-558-9411 

Mayor: Patricia L. Herron 
City Manager. William R. Hoeft (Acting) 

Vice-Mayor, Thomas-Hutchings 
Councilman, Loren Morgan 

Treasurer,' Thomas Wilson 
City Attorney, Robert Hendersvn 

CITY OF B.1ZRGLlkES 
(County of Contra Costa) 
lncorporated December IS, 1900 

Legislative Districts: 7th Congressional; 
7th Senatorial; 11th Assembly 

General law city. Population 5,907. Council meets 
second and fourth Wednesdays of month at 7:30 p.m..at 

Hercules Elementary School, 1919 Lupine, 94547. 
Central Telephone: 415-724-2489 

MayorKharles N. Collins 
City Manager: Ralph Snyder 

Vice-Mayor, Lynn Judnich 
Councilman, Michael R. Freeman . . 
Councilman, Gorgonio Solidum 
Councilman, Fred S. Wachowicz 
Clerk Clerk, Joe R. Valles 
City Aitorney, Roberr Anderson 
Treasurer, foe R. Valles 
City Engineer, William Chapman 
City Planner, Gary Odaffer ' ' 

Chief o f  Police, Russell @inn 

. 

. .  

ClTY OF HERMOSA.BEACH . . .. . . - 
(County of Los-Angelas) 

. Incorporated January 14, 1907 
Legislitkc Districts: 27th Congressional; 

27th Senatorial; 51st Assembly - 
General law city. Population 22,00O.'.Council meets ' ' . 
seconl and fourth Tuesdays of month in Council 
Chambers, City Ha11,..1315 Valley Drive, 90254. 

Central Telephone:. 213-376-6984 
Mayor: George G..Barks 

City Manager: Gregory.Meyer .' 

Mayor pro Tem, Lance Widman 
Councilwoman, Edie MacFadea 
Councilwoman, Mary Tyson 
Councilman, George Schmelner 
City Clerk, Charlotte Ann Malone 

Police Chief, Capt. John Doukakis 
Fire Chief, Capt Joseph Geonetta, Coordinator .' 
School Superintendent, Marilyn Harris 

City Treasurer, Rosemary Foreman . . , . . .  

. .  

. 61TY OF HIDbEN. HILLS : '  

(county o i  LQS Angeies) 
Incorporated October 19.. 1961 

Legislative Districts: 20th Congressional; 
19th Senatorial; 38th Assembly 

General lax, city. Population 1,685. Council meets 
first Tuesday of month.at 8 p.m. in City Hill, 
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24549 Long Valley Road, 91302. 
Central Telephone: 213-688-9281 

Mayox Colleen M. Hartman 
Mayor pro Tem, Thomas Lindholm 
Councilman, John Smith 
Councilman, Christian Van Peski 
Councilwoman, Ruth Ann Matheson 
City Clerk, Dee Marie Dainty 

the City Clerk, 121 West 5th St., 92150. 
Central Telephone: 714-3562912 

Mayor: Gary Rodger$ 
Councilman, Joe Parzloff 
Councilman, William Carrim 
Councilwoman, Colleen Ludwig 
Councilman, Stanley Banks 
City Clerk, Martha Miller 
Police Chief, Arlie P. Henthorne 
Fire Chief, Glen Wilson 
Treasurer, Arona G. Fams 

City Attorney, Joseph C. Daly 

.TOWN QF HShLSB83l0tlGW 
(County of San Matao) Schodl Superintendent, Wesley F. P i m a n  I 

Incorporated May 5, 1910 
Legislative Districts: 1 ltb Congressional; 

6th Senatorial: 19th.Assembly - I  

General law city. Population 10,3120. Coxincil meets 
second and founh Mondays. of month in Town Hall, 

1600 Floribunda Ave., 94010. . . . 
Central Telephone: 415-343-2795- 

Mayor. Henry W. Howard 
City Manager: Robert M; Davidson 

Councilman,.Fred T. Clifton,. 
Councilman, Patrick W. Kelly 
Councilman, Melvin A..Anderson 
Councilman, Benjamin N. Follerr 
City Clerk, Virginia J. Hvid 
Police Chief, William A. Key 

School Supdntendent, Quentin Taylor. . 
City Attorney, Frank B. Ingersoll. Jr. 

Fire Chief, Wi!liam W: Stremme, Jr. . .  

CITY (36 HOLLISTEW . , ' ,  

(County of San Benito) ' .  
Incorporated March 26, 1874- " 

Legislative. Districts: 16th Congressional; 
11th Senatorial; 24th Assembly 

General law city. Population 11,400. Council meerrfirst 
and third Mondays of month.at 730 p.m. in Council 

Chambers, City Hall, 375 Fifth St., 95023 
Central Telephone: 408,4374491 

Mayor: Fernando Gonzalez , 
City Manager: Roger A. Grimsley 

Miyor pro Tem, John Hodges 
Councilman, Gordon Machado 
Councilman, Leonard Polemi 
Councilwoman, Ann Carpenrer .' 

City Clerk, Frank D. Felice 
Police. Chief, Wayne Purves 
Fire Chief, Tony Aguirre 
Treasurer, Frank Vesley 
City Attorney, John OBrian . . 

c .  

CITY' 03: HQOTVILLE 
[County of Imperial) 
Incorporated July 1. 1908. 

Legislative Dismcts: 43rd Congressional; 
38th Senatorial; 75thAssembly 

General law city. Popularion.4,450. Council meets 
second and fourth Mondays of month in the office of 

CraY OF WUGHSOR1 
[County of Stanislaus) 

Incorporated November30, 1972 
Legislative Dismcrs: 14th Congressional; 

13th Senatorial; 26th Assembly 
General law city. Population 2,908. Council. meers 

second and founh Mondays of month ar 200 p.m. a t  
7016 Pine Street, 95326. 

Central Telephone 209-883&4 
, Mayor: Jack Parker 

City Manager. James M. Buell 
Vice-Mayor, James King . .  
Councilman, Jerry Thorns . 
Councilman, William "Bush" Trieweiler 

City Clerk, GayIe Roberrson 
City Trensurer, Gloria .McGilI 
Public Works Superintendent, Troy.Presley 
Police Chief, Larry D. .Bussard . . . 
City Attorney, Stewart W. James 

. Councilman, Ronald Lema 

. .  

1 

CITY OF MUMTIMGTOIBI BEACH 
(County of Orange) 

Incorporated February 17. 1909 
Legislative .Districts: 34th. 3Srh and 40th Congressional; 

36th Senatorial; 71st and 73rd Assembly 
Chartered city. Population 175,000. Council meets first 

and third Mondays of month ac 7:30 p.m. in 
Council Chambers, 2000 Main Srreer, 92648. 

Mayor: Ruth Bailey 
Ciry Administrator: Frank B. Arguello (Acting) 

Central Telephone: 714436-55.1 1 '. 

Mayor pro Tern, RutIiFinley 
Councilman,.Ronald R Paninson 
Councilman, Don MacAllister, 
Councilman, Robert P. Mandie, Jr. 
Councilman, John A. Thomas . 
City Clerk, Alicia M. Wenworth. 
Asrorney, Gail Hutron 
Police Chief, Earle Robiraille 
Fire Chief, Raymond C. Picard 
Treasurer, Warren G. Ha11 ~ 
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, 61TY OF MUMT$I\JGTOFJ PAR# ~ . GUY OF SiWPERDAL BEACH 
{County 05 Las Angsles) (County of San Disgol 

Incorporated September 1, 1906 "rr Incorporared July 18, 1956 
Legislative Dismcts: 29rh Congressional; ' Legislative Districts: 4Znd Congressional; 

29th Senatorial; 47th Assembly 40th Senatorial; 60th Assembly 
Genera: law city. Population 45,063. Council meets.first General law city. Papulation 22.750. Council meets first 

and third Mondays of monrh in City Hall, and third Mondays of each month in Council 
6150 Miles Ave., 90255. Chambers, 625 Imperial Beach Blvd. 92032. 

0 

, I  Central Telephone: 213-562-6161 Central Telephone: 714423-8300 
L Mayor: Jim Roberrs Mayor: Brian P. Bilbray 
; 
! . Mayor pro Tem, Herbert A. Hemes. Jr. Vice-Mayor, Thomas P. Stark 

Councilman, John B. Bennett 
i Councilwoman, Hazel F. Bailey 

Councilwomsn, Jacqueline Palmer 
City Clerk, A. George Ramos 
Police Chief, Curtis McCleskey I 

Fire Cfiief, David Engleman 
City Attorney, Clifton E. Reed 

Administrative Officer: Harold M. Campbell City Manager: George Field (Acting) 
i .  . 

Councilman. Jack W. Parks 
Councilman, Wiiliam P- Cunningham 

. Councilman, Thomas E. Jackson 
City Clerk, Marilyn A. Boyette 
Police Chief, Loren J. Russell 
Treasurer, Francis'J. Bradley 
City Atmrney, Colin Lennard 

! 

i 
4 

i i CITY CaE HURON 
F 

(County of Fresno) 
'. 1ncorporated.May 3, 1951 
:,, Legislative Dirrricrs: 15th Congressional; 

i 

J 

j , 
I Councilmember, Ted Cruz 
,i Councilmember, Dennis Baron .' 
j Councilmember, Steve Robles 

14th Senatorial; 30th Assembly 
General Law city. Population 2,710. Council meets first 

and third Wednesdays of each month in City Hall, 93234. 
Central Telephone: 209-W5-2241 

Mayor: Forrest M. Roth 
;i 

' . City Administrator:.Frank Rodriguez 

Councilmember, Tony E. Silva 
City Clerk, Frank Rodriguuez 
Police Chief, Oscar a n g o r a  
City Attorney, Henry T. k h a n  i 

CITY. OF IMPERIAL 
(County of'imperial) 

Incorporated July 12, 1904 
Legislative Districw 43rd Congressional; 

38th Senatorial; 75th Assembly 
General law city. Population 3,40O..Council meets first 
and third Wednesdays of each month at  E30 p.m. in 

the City Hall, 420 S .  Imperial Ave., 92251.. 
Central Telephone: 714-355-4371 

Mayor: Patricia M. Burk 
Mayor pro Tem, Steven W. Shaner 
Councilmember, Thomas D. Ludlow 
Councilmember, h m o n  Murphy 
Councilmember, Dean A. Shores 
City Clerk, Betty Willen 
Public Service Director, Stacy D. Chase 
Police/Fire Chief. Lon Hettineer 

L 

Treasurer, Pamcia Wendell 
City Attorney, John Penn Carter 0 

C!TY OF. INDIAN WELLS 
(County of Riverside) 
Incorporated July 14, 1967 

Legislative Districts: 3 7th Congressional;, 
38th Senatorial; 7Srh Assembly 

General law city. Population. 1.600. Council meets 
first and third Thursdays, 3 3 0  pm., a t  

451300 Club Dr., 92260. 
Central Telephone: 714-345-2831 

Mayor: Frank Chilson 
City Managerr Prince E: Pierson ' ' 

. 

Vice-Mayor, Walter Pearce . .  
Councilman, Frank Hal1 
Councilman, P.icLard Oliphant 
Councilman, Henry 'Ure 
City Clerk, Prince E.'Pierson. ' 

City Attorney, Paul Selzer 

(County of Riverside). 
Incorporated May 16, 1930 . . 

Legislative Dismcrs: 37th~Congressinnal; . . 
38th Senatorial; 75th Assembly 

General law city. Population 20,700. Council meets f i r s  
and third Wednesdays of month a t  7 p.m,.in 

Council Chambers, 150 Civic Center.Mal1, 92202 
Central Telephone: 714347-2351 

Mayor. Philip A. Reed 
City Manager. W. Phillip Hawes 

Vice-Mayor, David V. Hernandez 
Councilman, Roger M. Harlow 
Councilwoman,. Regena Zokosky 
Councilman, Marcos. S .  L o p  
City Clerk, Saundra L. Juhola 
Police Chief, Curtis Cross 
Fire Chief, John Payne 

City Attorney, David J Erwin 
: Treasurer, Evelyn Thompson . .  
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CsTY OF INDUSTRY 
(County of Los Angeles) 

Incorporated June 18, 1957 
Legislarive Disrricrs: 30th and 33rd Congressional; 
26th and 33rd Senatorial; 60rh and 64th Assembly 

Chartered city: Population 668. Council meers 
every 2nd Thursday at.8:00 a.m. and every fourth 

Thursday of each month at 9:ao a.m. in 
City Hall, 15651 Stafford Srreet;91744. 

Central Telephone: 213-333-2211 
Mayor. John Ferrero 

Councilman, Samuel J. Pamott 
Councilman, Darius F. Johnson. 
Councilman, Charles J. Rowland 
Councilman, John P. Ferrero 
Ciry Clerk MarynelleBussola . , 
City Treasurer, Phyllis Tucker-- . . .  ' . 

- .  . .  L .  

ClTY'OF iiudbEWOOD . . . : 

(C0unt.j O i   os Angiies) . . 
Incorporated Fehrnary .14, 1908 

Legislative Districrs: 28th and'.3 Isr Congmssional; 
'28th and 30th Senarorial;-4%h, 5Oth.and S3rd Assembly 

Chartered city. Popularion 89,985. Council meets. 
every Tuesday ar 130 p.m. in Council. Chambet 

City Hall, 1 Manchester Blvd., 90301. .- Central Telephonr-21349-7111 . '. 
May0r:L.x Weinstein . : 

Administrative Officer: Paul Eckles - 
. .  Councilman, George F. Gerard. 

Councilman. Andrew QIsaacs . ' 

Councilman, Bruce U. Smith .. . 
Councilman, Edward Vincent- : . .  . Ciry Clerk, Iris A. Crochet- ... I . .  : 

Police Chief, Jay R.. Stroh 

Treasurer, H. Sranley Jones 

. .  
. __ . 

. .  .. . . 
.. - 

.. Fire Chief, RobemOsby :-' ..  '. : . 

School Superinrendenr. Dr. Frances Worthington. : 
City Attorney, Howard Rosten 

. i . . . . .  I 

CITY C9F.lQNE . . 

(County of.Amador] 
Incorporated March 23, 1953 

Legislarive Disrricts: 14th Congressional; 
13th Senatorial; 7th Assembly 

General law city. Population 2,482. Council meets firsr 
Monday of month at 8 p.m. in Council Chambers; 

City Hall, No. 1 East Main St., ,95640.' 
Central Telephone: 209-274-2412 

Mayor: Robert R Patterson 

, 

Councilman, Dwight E. Jennings, D.D.S. 
Councilman, Louis D. Srewart 
Councilman, Dominic D. Vimini 
Councilman. Roberr K. Claytor, M.D. 
City Clerk, Sur Guadagnolo- 
Treasurer, George E. Kohler . .. 
Police Chief, Ramon F. Drehobl 
Fire Chief, Darrell Haller 

School Superintendent, Robert 0. Briggs 
City Attorney, James E. Deasy 

CITY OF HWiNE 
(County of Orange) 

Incorporated December 28, 1971 
Legislative District;: SOth Congressional; 

36th Senatorial; 74ch Assembly 
Charter city. Population 63,500. Council meets 

2nd and 4th Tuesdays of ench month in 
, Irvine Ciry Hall, 17200 Jamboree. 9271.1. 

Central Telephone: 714-754-3600 
Mayor: Art Anthony 

City Manager: William Woollett, Jr. 

. .  Mayor pro Tern, .David G. Sills 
Councilman, Bill Vardoulis 
Councilwoman, Mary Ann Gaido 
Councilman, Larry Agran 
City Clerk, Nancy C. Rowland 

. ,. 

. .. . . .  

.' 

ClYY OF IRWiNDALE 
. .  (Countyof  LOS Angeles), . . 

Legislarive Districrst, 26th Congressional; 
25th Senatorial; 61s Assembly 

General law city. Population .1,030.' 
Council meets second and fourrh Thursdays. of .. 

each.month in Community Center Bldg., 
5050 N. IrwindalwAve., 91706. 

Central Telephone: 2L3-962-3381 '. 
Mayor: Michael Miranda . . . 

City'Managen Charles Martin .(Acting). '- 

. . ' .Incorporated.August 6, 1957 

Mayor pro..Tem, Arthur F. Tapia .:.- ' : 
Councilman, P3t.S. Miranda 
.Councilman, Jose (Sal) Casrellanos . . . 
'Councilman, Henry V. Barbosa . .  . .  . ; 
City Clerk, Margarer S .  Barbosa 
Police Chief, Julian Miranda . . . .  

. .  

City Artorney;Charles Martin 

6173' OF IsLET0P.i 
(County of Sacramento) 

Incorporated May 14, 1923 
Legislative Disrricts: 4th Congressional: 

4th Senatorial: 4th Assemblr 

. 
.i. 

i 

,. ~ ~ 

General law ciry. Population 950. Council meets 

Central Telephone: 916777-6082 I . 
second Tuesdayof monrh in City Hall, Second St., 95641. . .  

. .  
Mayor: George M. Apple. 

. .  Councilman, Fred 'V. Wilson 
Councilman, John S .  Perez 
Councilman, Paul deMesa . . 
Councilman, Larry L. Gerdiner .. 
City Clerk, John E. Golden 
Police Chief, Frank Mayberry 
Fire Chief, Cecil L. Tomlin 

City Attorney, Philip C. Mering " .  . .. 
. Treasurer, C. R. Wilson 

. 
. .  . .  
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GlTY OF JACKSjON 
(County of Amador) 0 Incorporated December 5. 1905 
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. '  Legislative Districts: 14th Congressional; 
13th Senatorial; 7th Assembly 

General law city. Population 2,500. Council meets 
first and third Mondays of each month in 

~, City Hall, 33 Broadway, 95622. 
Central Telephone: 209-223-1646 

Mayor: Michael F. Spinerti 
Councilman, Anthony Pobmejevich 
Councilman, Marven E. Vicini 
Councilman, Dennis M. King . 
Councilman, Wade Selman, Jr. 
City Administrator, Robert L..Van Nort 
Police Chief, Paul Piemnave 
Fire Chief,.Patrick M- Tallon, Sr. 
Treasurer, John A.. Huberty , . 
City Attorney, Kristine Cazadd . . . 
C b C p - k ,  E m 2 s L  JIackson .. i/Tff]>26 1 c7zLw ~ L l y L Q f f l E  

Cl?Y.OF KERNAN ' 
v- 

(County of Frasno) " 
Incorporated July2, 1946 

Legislative Disaicts:. 15th Congressional; . . 
14th Senatorial; 30th Assembly 

General law city. .Population 3,954. Council meets.first 
and third.Mondays.of each month at 230 p.m. in 

City Hall, 850 S.  Madea Ave., 93630. 
Cenwal Telephoner 209-846-9384 

Mayor. Leopold Sciacqua 
Adminisrrative Officer: Cliiford.L.'Swanson 

. .  Councilman Hany Pedersen ..:, .. 
Councilman, W. M: Morgan .- . '  - . . .  
Councilman, Donald Slumberger. .. 
Councilwoman, Yvonne. Brown .. . . . , 

City Clerk, Edith M. Forsstrom. . . . ' 

Police Chief, Harold F. Grant 
City Treasurer, Gladys Slumberger 

CITY OF KIM@ 
(County oi Montemy) . 

Incoporated February 9, 1911 
Legislative Districts: 12th Congressional; 

17th Senatorial; 29th Assembly 
General law city. Population'5.450. Council meea 

second and fourthTuesdays of the month in 
City Hall, 212 S .  Vanderhurst Ave., 93930. 

. ' Central Teleuhone: 408-385-3281 ~ ~~ 

Mayop Irving J. Copley 
City Manaeer: Dan Givens (Acting) - 

Mayor pro T e a ,  William M e a  
Councilman, Reno Bacciarini . 
Councilman, Wilson T. Prewett ' 
Councilwoman, Evelyn H. DaRosa 
City Attorney, John Humon 
City Clerk, Majorie Sarina 
Police Chief. Daniel Givens 

Fire Chief. Floyd Owens 
Treasurer, William Dye 

CiTY OF K4NGSBURG 
(Ciumtty of Frasno) 

Incorporated May 19, 1908 . 
Legislative Districts: 17th Congressional;. 

15th Senatorial; 31% Assembly 
General law city. Population 5,094. Council meets 

fitst and third Mondays.of montb in  
City Hall, 1401 Draper St., 93631. 
Central Telephone: 209-897-5821 

Mayor: Gordon Satterberg . . 
' 'City Administrator, Vacanr 

Councilmnn.. Lenn Henslee 
Councilman, Steven C. Wigh. 
Councilman, J. Robert Lankford ,. 
Councilwoman,~Sylvia S .  Johnson 
City Clerk-Treasurer, Frances Marks 
Police Chief.. Mvron Galchun 
Fire Chief, Do; Huddieston 
City Anorney, Richard H. Hargrove and R R. Campagna 

CITY BF.h.4 CAGADA FilNTRlDGE 
(County of Los Angeles) 
Incorporated December 8, 1976 

'. Legislative Districts: Z2nd Congressional;. 
. ' . 21% Senatorial; 42nd .Assembly . . 

> General law city. Population 20,171 
Council meets firsr and third Mondays, 7:30 p-m. 

La Canada High School Library, sp63 Oak Grove.Dr., 
91011 '. ~ 

'. CentrdTelephone 213-790-8880,. . ' : 
' ' MayocEdmunit P..Krause - %  , 

City Manager, Georgc Caswell .. . , j  
. , ,  Vice Mayor Barbara- G. Pieper- .. . ' ', . .  . ... .. 

City Attorney, J. Kenneth Brown . . . .  . 

I .  

Councilman, Thomas B. Curtis * 
Councilman,. O..Wamn HiUgen. 
Councilman, Michael C.Mount , . . 

City Clerk, Patricia. Anderson 

. .  
, CITY OF LMAYETTE .: 

( ~ c u n t y  of Contra costa). , 
Incorporated July 29, 1968 -. 

. Legislative Districts: 8th Congessional; . .- . .. . 
9th Senatorial; 12th Assembly 

G'eneral law city. Population 19,628. Council meets- . 
second Monday of each month a t  7:30 pm., in the 

Vererans Memorial Building, 345'1 Mr.  Diablo Blvd.; 
City Mailing Address: 251 Lafayene Circle, 94549 

Mayor: Wjlliam M. Chicote 
City Manager: Ernest C..h.larriner 

. 

: 

Central Telephonel415-2E4-1968. ' 

Councilman, LaVaughn A. Craig 
Councilwoman, Gayle B. Uilkema 
Councilman, Ned Robinson I 

Councilman, S: Thomas Clevelad 



City Clerk, Ernest C. Mamner 
Citv Attornev. Charles 1. Williams 

0 
(County of Qrange) 

Incorporated June.29, 1927 
Legislative Districw 40th Congressional; 

36th Senatorial; 74th Assembly 
General law city. Population 17,800. Council meets first 

and third Tuesdays of month in City Hall Council 
Chambers, 505 Forest Ave., 92651. 
Central Telephone:.7 14-497-33 11 

Mayor. Wayne J. Baglin 
City Manager: Kenneth C. Frank 

Councilmember, Neil Fiaparrick . 
Councilmember, Sally R Bellerue 
Councilmember,. Kelly H. Boyd 
Councilmember; Howard D. Dawson 
City Clerk, Verna L: Xollingec . . 
Police Chief, Jon J. Sparks 

Treasurer, Frances S .  Engelhardc. 
School Superintendent, Dr. Robert A. Sanchis 

Fire Chief, Charlie.Kuhn .. 

. 

CITY OF LA HABRA. 
(Countycf.Orange1 : .. ' 

Incorporated January 20, 1925 : 
Legislative Dismcrr: ,39th Congressional; 

35rh Semtorial; 69th Assembly 

and third Tuesdays of month a t  230 p.m. in 
Council Chambers. City Hall, CivkCenter. 9063 1. 

Central Telephone: 213-694-1011 or 714-526-2227 

City Manager: Lee Risner . 

. General law city. Population 45.7fO. Council meets fint 

Mayor Burron'Ward ', .- - ' 

Mayor pro Tem, Earl C. Roger .. . . . ,: . . 

Councilmember; Vacant . . 
Councilmember, Dorothy Wedel 
City Clerk, Lee Risner 
Police Chief, Ronald Meehan . 
Fire Chief, Verl Griffin 

- School Superintendent, Richard .Hermann 
City Attorney, Robert Hobson " .  

Council reorganization end of 4/81 

Councilmember, John Holmberg . .  

. 

Mayor pro Tem, Gene Beckman 
Councilmah, Charles Wolfarth 
Councilperson, Glenda Tuppau 
Councilman, James Littlejohn 
City Clerk, James E. Emmons 
Treasurer, Ruth Morris 
Fire Chief, Richard Jerome 
Police Chief, subcontract from L.A. 
City Attorney, Patrick Coughlan 

142 CALIFORNIA ROSTER 

CITY OF LA HABRA MRGHTS 
(County of La-Angsles )  
Incorporated December 4, 1978 

33rd Senatorial; 64th Assembly 
General law city. Population 5,300. Council meets second 
and fburth Thursdays of each month at  230 p.m. a t  City 

Hall, 1245 N. Hacienda Blvd. 
Central Telephone: 213-594-6302 

Mayor. Jean Good 
CityManagee James E. Emmons - 

I Legislative Disuicu: 33rd Congressional; 

(County of Riverside) 
Incorporated April 20, 1888 

Legislative Districn:. 43rd Congressional; 
38th Senatorial; 75th Assembly . . 

General law city. Population 59-57. Counal meets 
second and fourth Tuesdays of monrh at E30 p.m. in 

City Hall, 130 S .  Main St., 92330. 
Central Telephone: 714.674-3124 ' . 

Mayor: Jerry Stewarr 
. .  

City Manager: Ira B. Pace . ' ,  

Councilman, John Unsworth , ' - . ,  

Councilman, Howie Torn 
Councilman, Nap Hams 
Councilman, Allen Baldwin . 

Building Inspecror, Dwayne Frazier' . 
Treasurer, Charles R Morgan . 
School Superintendent, Dr. Denron Palmer 
City Attorney, J0hn.M. Porter- 

, 

City Clerk, Florence Marshall ,- 

. .  

(County of Laka)~ 

Legislative Discriccs: 2nd Congressional; 
2nd Senatorial; 2nd Assembly 

General law city. Popularion 4,010. 
Council meets first-and third Mondays of month in 

City-Hall, 445 N. Main St., 95453. 
Central Telephone: 707-263-5682 

Mayor: Terry R. Norton 

Incorporated April 30, 1888 . 

Mayor pro Tem, Gary L. Waterman. 
Councilmember, Alden. H.:Jones 
Coupcilmemher, John Dye,. 
Councilmember; Xaran Mackey 
City Clerk, Bernice.M. Hudson 
Police Chief, James Campbell 
Fire Chief, Donald DeBolt . 

. .  

ClTY OF LAKEWOOD 
(County of Los Angalas) 
1ncorporated.April 16, 1954 

Legislative Districts: 34th Congrwional; 
31% Senatorial; S7th and 58th Assemblv 

. -  
~ 

i 

. -  - 
-. . .  
.i. . -  <A 
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General law city. Population 83,900. Council meets 
second and fourth Tuesdays of month at 7:30 pm. in 

City Council Chambers, 5050 Clark Ave., W714. 
Central Telephone: 213-866-9771 

.._ .. 
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Mayor: Jacqueline Rynerson 
City Administrator: Howard Chambers 

City Administrator: Vern Lawson, Jr. 
Vice Mbyor, Jack Murphy 
Councilman, Timothy Hayes 
Councilman, Lou Bozigian 

i Councilmember, Robert G. Wagner Councilman, Stan Kleiner 
Police Chief, Captain Andrew Kuchta 
(L.A. County Sheriff) 
Fire Chief, George Taylor (L.A. County) 
School Superintendent, Dr. Lou Joseph 
City Clerk, Christine Ellen Waiters 
City Attorney, Thomas J. Ward 
City Council reorganization 5/81 

Vice-Mayor, Larry Van Nostran 
Councilmember, G. C. “Dee” DeBaun 

Councilmember, Paul E. Zeltner 
City Clerk, Joann Jelly 
City Atxorney, John S. Todd 
City Treasurer, Nancy Hicks 

i, i 
C1TY OF La MESA j ? .  

I 

j (County oi San Diego) 
I ’  ’ ”  Incorporated February 16, 1912 CITY OF LA PALMA 

[County of Orangs) Legislative DistricF: 41st Congressional; 
39th Senatorial; 77th Assembly 

General law city. Population 49,911. Council meers 
second .and fourth Tuesdays of month in Council 

Chambers, City Hall, 8130 Allison Ave., 92041. 
Central Telephone: 7144636611 

Mayor: George F. Bailey 
City Manager: Ronald E.. Bradley 

. .  Incorporated October 26, 1955 
Legislative Districts: 38th Congressional; 

37th Senatorial; 7lst Assembly 
Genetal l iw ciity. Population 15,414. Council meets first 

and third Mondays of each month in Council 
Chamhen, City Hall, 7822 Walker St., 90623. 

Central Telephone: 714-523-7700 Councilman, Vacant . 
Councilman, Jerri Lopez 
Councilman, Fred Nagel 
City CkrL Marie G. Mangan 
Police Chief; Donald Fach 
Fire CSef, Robert 0. Sever 
Treasertr, Kenneth W. Tren: 
.City Azorney, .LeRoy W, Knukon Police Chief, Norman Hansen . . 

Councilman, Arrhur E. Madrid Mayor: Anthony E. van Dyke . . .  
City Manager: Vacant . . 

ViceMayor, Daniel D. Collins 
Councilman. Edward J. Byrne 
Councilman, Ronald 0. Nyhorg 
Councilman, Henry R. Frese . .  

’ . .City Clerk, Ronald H. Dallas 

City Attorney, Roger Grable -.. 
CITY OF LA MlR.AQA 
(County of 10s Angeles) 
Incorporited March 23, 1960 

33rd Senatorial; 64th Assembly 
G-3eral law city, Population 41,230. Council meets 

s e c o d  and fourth Tuesdays of each month at 7:30 p.m. 
in C3uncil Chambers, 13700 La Mirada Blvd., 90638. . ’ ’ 

Central Telephone: 213-943-0131 
Mayor: Wayne Rew 

City Administrator: Claude J. Klug 

CITY OF iA PUEENT‘E 
(County of LOS Angalesf 

Legislative Districts: 33rd Congressional; . . Incorporated August. 1, 1956 

, . 0 
Legislative Districrs: 30:h Congressional; 

26th Senatorial; 60th AssernHy 
General law city. Population 30,550. Council meets 

second and fourth Tuesdays of month at 8:OO p.m. in 
City Hall, 15900 E. Main St., 91744 

Central Telephone: ‘2 13-330451 1. 
Mayor: Louis F. Guzman 

Mayorpro  Tem, Lou P i l a  I . .  City Manager: Gordon L. Oehl 
Counciiima, Ben Ashley 
C o u n S m a ,  C. David Peters , Councilman, Gerald M. Singer 
Counc5m.q Wilfred L. Simendinger 
City Ci+ Anna J. Martin 

Mayor pro Tem, Allen J. Martin 
, -  

.Councilman, Francis M. Palacio 
Councilman, Charles H. Storing 
City Clerk, Gordon L. Oehl . 
School Superintendent, Russell J. Ribb 

GiTY OF LAMCASTER , .  City Atxorney, Samuel Siege1 
(Eounty of Los Angelssl 

Incorporated November 22, 1977 GlTY OF LARKSPUR 
(Cointy oi: Marin) 

Incorporated March 1, 1908 
Legislative Districts: 5th Congressional; 

2nd Senatorial; 9th Assembly 
General law city. Pppulation 12,500. Council meets 

first and third Wednesdays of month in 

legislative Districts: 18th Congressional; 
lath Senatorial; 34th Assembly 

G e n c d  law city. Popularion 48,000. Council meets 1st 
hlonuia? of each month at 700 p.m. in the Boara- oom 

at 44711 N. Cedar Avenue, 93534. ’S . 
Central Telephone: 805-945-1811 

Mayor: Fred M. Hann 

0 
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City Hall, 400'Magnolia Ave., 94939 
Central Telephone: 415-924-2405 

Mayor: Donald L. Graff 
City Manager: Harlan Barry 

. Vice-Mayor, Karen Kunze 
Councilman. Charles H. Curley 
Councilman, Alfred J. Malvino 
Councilman. Michael Wornum' 
City Clerk, Nancy Anthony 
Police Chief, Phillip D. Green 
Fire Chief, Craig S'hurtz 
City Attorney, Joseph Forest 

CITY OF LA VERNE . ' 

(County of Los~Angeles) 
Incorporated August 20, 1906 , 

Legislative Districts:. 35th Congressional; 
25th Senatorial; 62nd Assembly 

General law city. Population 23,500. Council meets first 
and third Mondays of month.at 230 p.m. in 

City Hall. 3660  D St., 91750. 
Central Telephone: .714-5934571 

Mayor: Frank R.. Johnson 
City Manager. Perry Beck 

Mayor pro Tern, Robe? T. Neher 
Councilman, Jon Blickenstaff 
Councilman, Vacant (3-2-81) 
Councilman, Craig Walrers 

Police Chief, Jack L. Baker 
Fire Chief, Robert S .  IJapp 
Treasurer, Geraldine H. Peck 

City Clerk, Kathy Hamm / .  

6lTY OF LAWNDALE 
(County of Los Angelas), 

Incorporated December ~28,  1959 
Legislative Disrricn: 3 1st Congressional: 

28th Senatorial; 53rd. As=embly 
General law city. Population 24,825. Council meets firsr 

and third Mondays of month at 230 p.m. in Council 
I Chambers. City Hall, 14717 Burin Avenue, 90260. 

Mayor: Sarann Krure 
City Adminispror: Brice Stephenson 

~ Central Telephone: 213-9734321 

Moyor pro Tern, Edward C. Roberts 
Councilman, Harold Hofmann 
Councilman. James Ramsey 
Councilman, Calvin Ehinger 
City Clerk, Lucille G. Eby . ' 

School Superintendenr, Richard L. Moodey 
City Trezsurer, Joyce Catalde 
City Attorney, Thomas Winfield, I11 

ClTY OF LEMON GROVE 
(County of §an Diego) 

Incorporated July I, 1977 
Legislative Districts: 42nd Congressional; 

:A ROSTER 

40th Senatorial; 79th Assembly 
General law city. Population 21,200. Council meets 
1st and 3rd Mondays of each month at 7:30 p.m. at  

Lemon Grove Community Center, 3146 School Lane, 
92045. 

Central Telephone: 71W61-6934 
. Mayor: James V. Dorman 
City Mmager: Jack D. Shelver 

Vice Mayor, R0hert.F. Burns 
Councilwoman, Lois M. Heiserman 
Councilman, Jack Dohercy ' 
Councilman, Dell Lake 
Police.Chief, John Duffy 
Fire Chief, Robert N. A d a m  
City Clerk-Treasurer, Karen Thomson 
City Attorney, Donald F. McLean, Jr. 

ern OF LE~MBORE .' . 

(County of Kings) 
Incorporated August 4, 1900. 

Legislative Districts: 17th Congressional; 
15th Senatorial; 32nd Assembly 

General law cirv. Population 8.823. Council meets 
first snd'third-Tuesdays'of month at 

Council Chambers. Citv Hall. 119 Fox St.. 93245. 
Central Telepione: 209-924-5396 

Mayor: James J. Forte 
City Manager: William R. Drennen 

Councilman, Ddnald W. Casten 
Councilman, Lany E. SOW ',, 
Councilman, Tim Y. Lee 
Councilwoman, Karen L. Nicks 
City Clerk, Gloria Omellas 
Police Chief, William L: Young 
Fire Chief, Russell Kreps 
Treasurer, J. T. Armstrong 
City Attorney, Lynn C. Atkinson 

CITY OF.biNCOLM 
' . (County of Placer) 

Incorporated August 7, 1890 
Legislative Districts: 1st Congressional; 

1st Senatorial; 3rd Assembly 
General law city. Population 4,43O..Council meets 

second and fourth Tuesdays of month in City Hall, 
Council Chambers, 511 5th Street, 95648 

Central Telephone: 916-645-3311 

City Adminisnaror: Lois Watts 
Mayor. 'Michael McCarmey . .  

Mayor pro Tern, Robert Flocchini 
Councilmenher; David Frausto 
Councilmember, Leah Nevarez 
Councilmember, Nello Stefani 
City Clerk, Lois M. Watts 
City Treasurer, Barbara Lyda 
Police Chief, Bob Barroso 
Fire Chief, A. S. Gulliford 
School Superintendent, John Bozzo (Acting) 
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CiT'J OF LINDSAY 
(County of Tulare) 

Incorporated ,March 5, 1910 
Legislative Districts: 17th Congressional; 

15th Senatorial; 32nd Assembly 
General law city. Population 6,575. Council meets rhird 

Monday of month in Council Chambers, City Hall, 
2Sl E. Honolulu Street, 93247. 

Central Telephone 209-562-2511 
Mayor: Jim Chapman 

Vice-Mayor, Douglas Bodine 
Councilman, Michael Lenihan 
Councilman, Waymon Roberson 
Councilman. Peew Brown . 
City Clerk, ReD;y Kiesz 
Public Safetv Director (Fire & Police). lohn Beene 
Treasurer, foida Archbold 
School Superintendent, Donald Schroeder 
City Attorney, ReDoy Kiesz 

61TM OF LIVE OAK 
(County 04 Sutter) . 

Incorporated January 22, 1947 
Legislative Districts: 4th Congressional; 

1st Senatorial; 3rd Assembly 
General law city. Population 2.112. Council meets first 

and third Wednesdays of month in City Hall, 
9867 0 Street, 95953. 

Central Telephone: 916-695-2112 
Mayor: Philip Peoples 

Vice-Mayor, Leo Chesney 
Councilman, Elmer Wussler 
Councilman, Doughs Dollar 
Councilman, Joseph C. Berry 
Citv Clerk. Blanche GillesDie 
Poiice Chief, contracted f;om Sutter County 
Fire Chief. William N. GillesDie 
Treasurer,' Lucille Berry 
School Superintendent, Donald Soli 
City Attorney, John Sanbrook 

CiTY QF LiVERWORE 
(County of Alarnsdaf 
Incorporated April 1, 1876 

Legislative Districts: 9th Congressional; 
8th Senatorial; 15th Assembly 

General law city. Populxtion 48,105. Council meets 
second and fourth Monday of month at 8 p.m. in 

Municipal Court Chambers, 39 So. Livermore Avenue. 
City Hall located a t  1052 So. Livermore Avenue, 94550 

Central Telephone: 4154494000 
Mayor: Dale Turner ' 

City Manager: Leland J. Homer 
Councilman, Marshall Kamena 
Councilman, John Staley 
Councilman, Ayn Wieskamp 
Councilman, Marlin J. Eberr 
City Clerk, Carol Greany (Acting) 
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Police Chief, Me1 Nelson 
Fire Chief, Michael Sample 
Treasurer, Fred Noyes, Jr. 
School Superintendent, Leo R. Croce 

CITY OF LiWNGSTOP4 
(County of Merced) 

Incorporated September 11, 1922 
Legislative Districts: 1Sth Congressional; 

14th Senatorial; 27th Assembly 
General law city. Population 4,630. Council meets 

second and fourth Thursdays of month in 
Courthouse Chambers, 604 Third St., 9S334. 

Central Telephone: 209-394-8041 
Mayor: Leonard C. Blevins 

City Manageer: Paul E. Lawrence 
.Mayor pro Tem, Frederick L. Worden 
Councilman, Everett E. Beason 
Councilman, John C. Morrison 
Councilman, Lonnie K. Baker . 
City Clerk, Elwood E. Campini 
Police Chief, Harold D. McKinney . 
Fire Chief, Virgil @inn 
Treasurer, Betty Cota. 
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61TV OF LOD? 
(County of San Joaquin) 
Incorporated December 6, 1906 

Legislative Districts 14th Congressional; 
13th Senatorial; 7th Assembly 

General law city. Population 35,450. Council meets first 
and third Wednesdays of month at 8:OO p.m. in Council 

Chambers, City Hall, 221 W. Pine St., 9S24l. 
Central Telephone: 209-334-S634 

Mayor: Walter J. Katnich 
City Manager: Henry A. Glaves, J .  

Mayo. pro Tem, James McCarty 
Councilman, Richard L. Hughes 
Councilman, Jnmes W. Pinkerton, Jr. 
Councilman, Robert G. Murphy 
City Clerk, Alice M. Reimche 
Police Chief, Marcus P. Yates 
Fire Chief, Vacant 
School Superintendent, Ellerth E. Larson 
City Attorney, Ronald LM. Stein 

CiTY OF LOMA LSNDA 
(County of San Bernardino) 
Incorporated September 29. 1970 

Legislative Districtsr 37th Congressional; 
34th Senatorial; 67th Assembly 

General law city. Population 10,000. Council meets 
second and fourth Tuesdays of each month in 

City Council Chambers, 11128 Anderson St., 92354. 
Central Telephone: 714-796-2531 

Mayor: Ardyce H. Koobs 
City Manager: Robert R. Mitchell 

Mayor pro Tem, Elmer J. Digneo 
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Councilman, T. Milford Harrison 
Councilman, Norman H. Meyer 
Councilwoman, Jeanne S. Wiesseman 
Director of Public Safety. Peter R. Hills 

(Counly of Los Angales1 
Incorporated June 30, 1964 

Legislative Districts: 32nd Congressional; 
27th Senatorial; 52nd Assembly 

Councilman, Ernie Kell 
Councilmon, James EL Wilson 
Councilman, Edd Turtle 
Councilman, Russ Rubley 
City Clerk, Shelha Powell 
City Attorney, Robert Parkin 
Police Chief, Charles Ussery 
Fire Chief, Robert E. Leslie 
City Auditor, Robert E. Fronke 
City Prosecutor, John A. Vander Lnns 
School Superintendent, Dr, Francis Laufenberg 

CiTY OF LOS AEAMSTOS 
(Counq of Orange) 

General l3w city. Population 20,294. 
Council meets first and third Mondays of each month at 

Central Telephone: 213-325-7110 
7 p.m. at 24300 Narbonns Ave., 90717 

Incorporated March 1. 1960 
Mayor: Jerry Moore 

City Administrator: Chris Rope 
Mayor pro Tem: Hal Hall 
Councilman, Hal Croyts 
Councilman, Lemard Loy 
Councilman, Charles Belba 
City Clerk, Dawn Tomita 
City Attorney, Lee Dolley 

CITY OF LOMPOC 
(County 04 Santa Barbara) 

Incorporated August 13, 1888 
Legislative Districts: 19th Congressional; 

18th Senatorial; 35th Assembly 
General law city. Population 26,750. Council meets first 

and third Tuesdays of month in Council Chamber,) 
City Hall, 100 Civic Center Plaza, 93438. 

Central Telephone:.805-736-1261 
Mayor: Tom Green 

City Administrator: Gene L. Wahlers 
Councilman, Joe H. 'Valencia 
Councilman, Andrew Salazar 
Councilman, E. G. Stevens 
Councilwoman. Charlone.Benton 
City Clerk, Mineva Blades 
Police Chief, James D. Smith 
Fire Chief, Mike Ellison 
City Attorney,.David H. Hirsch 

. .  

Legislative Districts: 38th Congressional; 
35th Senatorial; 71s  and. 73rd:dAssembly 

Chartered city. Popularion 11,493. Council meets second 
and fourth Mondays of month at 7:OO p.m. in 
City Council Chambers, 3 191 Katella, ,90720. 

Central Telephone: 213431-3538 
Mayor: Kenneth Zommick 

City Manager: Michae1.A. Graziano 
Mayor pro Tern, Charles E. Sylvia 
Councilman Paul Bernal 
Councilman, Tim Burner 
Councilman, David A. Lander 
City Clerk, Michae1.A. Graziano 
Police Chief, Kelson McDaniel 
School Superinrendent, Charles E. McCully 
City Attorney, Thomas W. AIlen - 

ClTY OF LOS ALTOS 
(Counfy of Santa Clara). 

Incoiporated December 1, 1952 
Legislative Dismcts: 12th Congressional 
12th Senatorial; 2lst and 22nd Assembly 

second and fourth Tuesdays of month 3t 8:OO p.m. in 
City Hall, 1 N. San Antonio Rd., 94022 

Central Telephone: 415-948-1491 
Mayor: Harry C. Kallshian 

Chief Administrative Officer: S. George Sanregrer 

General law city, Population 27,800. Council meets ' 

. 
Councilman, Roger S.C. Eng 
Councilman, Robert A. Grimm 
Councilwoman, Jane B. Reed 
Councilman, Roy E. Lave, Jr. 
City Clerk, S. George Sanrcgrer 
Police Chief, Richard G. Brannan 
Fire Chief, John T. Sanders 

CITY OF LONG BEACH 
(Counly of Los Angeles) 

Incorporated December 13, 1897 
Legislative Districts: 32nd and 34th Congressional; 

31s  Senatorial; 57th and 58th Assembly 
Chartered city. Population 359,000. Council meets every 

Tuesday at 9 a.m. in Council Chambers, 
City Hall, 333 W. Ocean Blvd., 90802 

TOWN OFLOS ALTOS HILLS 
Central Telephone: 213-590-6555 , (County of Sants Clara) 

Mayor: Eunice Sato 
City Manager: John E. Dever 

Mayor pro Tem, Marc A. Wilder 
Councilman, Dr. Thomas J. Clark 
Councilwoman, Jan Hall 
Councilman, Wallace Edgenon 

Incorporated January 27.. 1956 
Legislative Districts: 12th Congressional; 

12th Senatorial; 22nd Assembly 
General law city. Poplation 7,500. Council meets first 

and third Wednesdays of each month, 7:30 p.m. in 
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Councilwoman, Marjorie Robinson 
City Clerk, Tessr J. IMazzina 
Police Chief, Charles J. Martin 
Fire Chief, Roland M. Pimenrel 
Treasurer, Jaines J, Johnson 
City Attorney, Donald 0. Germino 
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Town Hall, 26379 Fremont.Rnad. 94022 

Ccntral Telephone: 415-941-7222 
Mayor; James C. Nystrom 

Town Manager: Robert E. Crowe 
May pro T e a ,  David G. Proft 
Councilwoman, Lucile Hillestad 
Councilmsn, William A. Perkins 
Councilman, Thomas P. McReynolds 
Deputy Town Clerk, Patricia Dowd 
Town Treasurer, Pearl C. Croy 
Town Atrorney, Frank Gillio 

- 

CITY OF LO$ 'AMGELES 
fCOUi3Q' Of LDS Angefes) 

Incorporated April 4, 1850 
Legislative Districts: 20th-35th Congressional; 

19th-33rd Senatorial; 57thdSth Assembly 
Chartered city, Population 2,816,600. Council meets 

10 a.m. daily in Room 340, City Hall, 
200 N. Spring St., 90012. 

Central Telephonc 213485-2121 
'Mayor: Thomas Bradley ' 

City Administrative Officer. C. Erwin Piper 
'Councilman, Zev Yaroslavsky 
'Councilman, Bob Ronka 
Councilman, Joel Wachs ' . 

*Councilman. Joy Picus 
Councilman, John Ferraro 

'Councilwoman, Peggy Stevenson 
Councilwoman, Pat Russell 

'Councilman, Ernani Bernardi 
Councilman, Robert Farrell 

*Councilman, Gilbert W. Lindsay 
Councilman, Dave Cunningham 

'Councilman, Marvin Braude 
Councilman, Hal Bernson 
Councilman, Arthur K. Snyder 

'Councilman, John S.'Gibson, Jr. 
Ciry Clerk, Rex E. Layton 

'City Attorney, Burt Pines 
Police Chief, Datyl Gates 

' Fire Chief, John C. Gerard 
City Controller, Ira Reiner 
School Superintendent, William J. Johnston 

'Election 6[2/81 

C9W OF LO5 BAMQS 
(County of &?arced) 

Incorporated May 8, 1907 
Legislative Dismctr: 15th Congressional; 

14th Senatorial; 27th Assembly 
General law city. Population 10,100. Council meets first 

2nd third Wednesdays in City Hall, 520 J Sr., 93635. 
Central Telephone: 209-826-51 19 

Mayor: Philip R. Castellucci 
City Manager: Loris T, Broddrick 

Mayor pro Tem, Robert H. Lynn 
Councilman, Elmer IC. Austin 
Councilman. Gerald "Obie" OBrien 

TWdN OF b 8 S  GATBS 
(County o i  Santa Cla ra )  
Incorporated August 10, 1887 

Legislative Districts: 13th Congressional; 
12th Senatorial; 22nd Assembly 

General law city. Population 25,500. Council meets first 
and third Mondays of each month in Council 
Chambers, Town Hall, 110 E. Main St., 95030. 

Central Telephone: 408-351-6833 
Mayor: Thomas J. Ferrito 

Town &Manager: David R Mota 
Vice Mayor, Peter W. Siemens 

Councilmember, Ruth Cannon 
Councilmember, MarLyn J. Rasmussen 
Councilmember, Brent N. Venmra 
Town Clerk. Rose E. Aldag 
Police Chief, Harold Johnson 
Treasurer, James A. Stoops 

CITY QF LOYALTOM 
(County of Sierra) 

Incorporated September 21, 1901 
Legislative Districts: 1st Congressional; 

1st Senatorial; 3rd Assembly 
General law city. Population 1,027. Council meets second 

and fourth Tuesdays of month at 700 p.m. in.Council 
Chambers, City Hall, 96118. 

Central Telephons: 916-995-4622 
Mayor- Milton T. Gottardi 

Vice ~ a y o r ,  Robert McDonald 
Councilman, Richard Powers 
Councilwoman, Kathryne Peterson 
Councilwoman, Pattie Fritz 
City Clerk/Controller, Patsy Belli 
Fire Chief, Joseph Marin. 
Treasurer, Edith Snider 

. .  
ClTY OF LYNWOBD 
(County,of Los Angeles) 

Incorporated July 16, 1921 
Legislative Distrins: 31s  Congressional; 

28th Senatorial; 54th Assembly 
General law city. Population 43,354. Council meets 
first and third Tuesdays of month at 730 p.m. in 

City Hall, 11330 Bullis Road, 90262. 
Central Telephone: 211-638-8511 

Mayor: Eugene R. Green 
City Manager: James Weaver 

Mayor pro Tem, John D. Byork 
Councilman, Louis A. Thompson 
Councilman, E. L. Mortis 
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Councilman, James E, Rowe 
City Clerk, Laurene Coffey 
Fire Chief, Ronald Lathrope 
Treasurer, Dave M. Richman 

City Manager: Richard W. Jones 
Vice Mayor. Jack C. Snyder 
Councilmember, %’alter Edwards 
Councilmember, Chuck ShaeFer 
Councilmember, Bob Davis 
City Clerk, Nell Cornell 
Police Chief, Leonard Taylor 
Fire Chief, Larry Drager 
Treasurer, George Dadasovich 
School Superintendent, Richard J. Cherry 
City Attorney, John Brinton 

ClTY OF MADERA 
(County of Madera] 

Incorporated March 27, 1907 
Legislative Districts: 15th Congressinnal; 

14th Senatorial; 30th Assembly 
General law city, Population 21,615. Council meets 
first and third Mondays of month at 7:30 p.m. in 

City Hall, 205 W. 4th St., 93637. 
Central Telephone: 209-674-8802 

Mayor; Paul T. Sanders 
City Administrator. Roberr H. Kelley 

Councilman, Edward J. Bnyle 
Councilwoman, Margaret hf. Medellin 
Councilman, Ralph V. Larsen 
Councilman, Roy Ben Lynn 
City Clerk, Edith J. Fischer 
Police Chief, Gordon E. Skeels 
Fire ChieF, Larry Sunia 
School Superintendent, Duane E. Furman 
City Attorney, Axel E. Christiansen . 

CITY OF ~ A ~ ~ A ~ ~ ~ ~  BEACH 
(County of Los Angales) 

, Incorporated December 12, 1912 
Legislative Districts: 27th Congressional; 

27th Senatorial; 51st Assembly 
General law city. Population 32,661. Council meets first 

and third Tuesdays of month at 73C pm., 
City Hall located at 1400 Highland Ave., 90266. 

Central Telephone; 2 13-545-5621 
Xlayor: Russell F. Lesser 

City Manager: David J. Thompson 
. Mayor pro Tem, Michael W. Sweeney 

Councilman, Stephen K. Blumherg 
Cnuncilman. Charles Robert Holmes 
Councilman, William Swieer 
City Clerk, John Allan Lacey 
Police Chief, Harry Kuhlmeyer 
Fire Chief, Tom P. Wilson 
Treasurer, Duncan Kelly 
School Superintendent, J. Byron Burgess 
City Attorney, Carl K. Newton 

CITY OF MAk3TE‘GA 
(County of San Joaquinf 

Incorporated June 5,  1918 
Legislative Districts: 14th Congressional; 

13th Senatorial; 26th Assembly 
General law city. Population 25,007. Council meets first 

and third Mondays in Council Chambers, City Hall, 
1001 W. Center Street, 95336. 

Central Telephone: 20.239-951 1 
Mayor. Trena T. Kelley * 

CITY OF MARiGOPA 
(County of Kern) 

i Incorporated July 25, 1911 
. Legislative Districts: 18th Congressional; 

16th Senatorial; 33rd Assembly 
General law city. Population 764. Council’meets first 
and third Wednesdays of month in City Hall, 93252, 

Central Telephone: 805,769-8291 
Mnyor: Kennel1 W. Martin 

Mayor pro Tem, James H. Wolfe 
Councilman, Joe Kindred 
Cnuncilwoman, M a r y  Lu Princeton 
Councilwoman. June “Penny” Johnson 
City Clerk, Barbara Covington 
Police Chief, L. Grant Grisedale 
Fire Commissionet, Melvin Throop 
School Superintendent, Wm. Meese 
Acting City Treasurer, Barbara Cnvington 

CITY OF MWWtNA 
(County of Montorsy) 

Incorporated November 13; 1975 
Legislative Districts: 16th Congressional; 
17th Senatorial; 28th and 29th Assembly 

General law city. Population 20,679. Council meets 
first and third Tuesdays of  each month, 

Council Chambers, 211 Hillcrest Avenue, 93933. 
Central Telephone: 408-384-5220 

Mayor; Robert T. Ouye 
City Manager: Douglas Flautt 

Mayor pro Tem, George Takahashi 
Councilwoman, Barbara Bird 
Councilman, Paul Davis 
Councilwoman, .Drema Laden 
City Clerk, Douglas Flautt 
Public Safety Director, Vacant 
City Planner, Roberr Larsen 
Treasurer, Douglas Flaurr 
Public Works Director, Vincent DiMaggio 

C1TY OF MARTINEZ 
(County of Contra Costa) 

Incorporated April 1, 1876 
Legislative Districts: 7th Congressional; 

7th Senatorial; 11th Assembly 
General law city. Population 22000. Council meets first 
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and third Wednesdays of month in City Hall, 
525 Henrietta St,, 94553. 

Central Telephone: 415-172-4905 
Mayor: Eric Schaefer 

City Manager: Paul D. Brotzmon 
Vice-M%yor, H. Kenneth Dothee 
Councilman, Charles Feyh 
Councilman, James L. Thelen 
Councilwoman, Diana Patrick 
City Ckrk, Lawrence J. Kowalski 
Police Chief, Jack Garner 
Treasurer, Josephine Heruth 
School Superintendent, John D. Searles 
City Attorney, Dennis Lee 

ClHY QF ELSARYSVILLE 
(County of Yuba) 

Incorporated February 5, 1851 
Legislative Districts: 1st Congressional; 

1st Senatorial; 3rd Assembly 
Chartered city. Population 9,325. Council meeci first and 

third Mondays of month in Council Chambers, 
City Hall, 526 "C" Street, 95901 
Central Telephone: 916-674-6633 

Mayor: John 0. Blevins 
Mayor pro Tem, Ronald A. Haedicke 
Councilman, J. William Young 
Councilman, William S .  Huntley 
Councilman, Robert M. Galligan 
City Clerk, William A. Carison 
Police Chief, Harold A. Fischer 
Fire Chief, Les Drehobl (Acting) 
City Adminismator, William A. Carlson 
School Superintendent, George Smith 

(County of Los Angalas) 
Incorporated September 2, 1924 

Legislative Districts: 30th Congressional; 
24th Senatorial; 56th Assembly 

General law city. Population 16,996. Council meets 
second and fourth Tuesdays of month at 7:30 p.m. in 
Council Chnmbers, City Hall, 4319 E. Slauson Ave., 

90270. 
Central Telephone: 213-587-7281 

Mayor: Robert E. Pattz 
City Administrator: Leonard R. Locber 

Mayor pro Tern, William A. Hamilton 
Councilman, Stephen Hegstrom . 
Councilwoman, Betty Lou Rogers 
Councilwoman, Rose Marie Busciglio 
City Clerk, Leonard R. Locher 
Police Chief, Theodore R. Heidke 
City Treasurer, Ruth S .  Hogrefe 
City Attorney, E. Edward Dilkes 

' 

* 

(County of Kern) 
Incorporated July 18, 1957 

Legislarive Districts: 18th Congressional; 
15th Senatorial; 32nd Assembly 

General law city. Population 4,881. Council meeci 
second Thursday of each month a t  7:30 pm. in 

City Hall Council Chambers, 401 West Kern, 93250. 
Central Telephone: 805-792-3091 

Mayor: Donnie Campbell 
Mayor pro Tem, Carl Boston 
Councilwoman, Ruth Patterson 
Councilman, Leon Shults 
Councilman, Ruben Garza, Jr. 
City Administrator, Vacant 
Police Chief, Raynaldo Flores 
City Clerk, Doris L. Wood 

CITY OF MEMDOTA 
(County of Fresno) 

Incorporated June 17, 1942 
Legislative Districts: 15th Congressionak 

14th Senatorial; 30th Assembly 
General law city. Population 4,840..CounciI meets 

second and fourth Tuesdays of month at EO0 p.m. in 
City Hall, 643 @ince Street, 93640. 

Central Telephone: 209-655-3291 
Mayor: Leo Capuchino 

City Administrator: Paul Owhadi 
Councilman, Victor Lozaoo 
Councilman, Russell Long 
Councilman, Fidel De La Cruz 
Councilman, Vacant 
City Clerk, J. La Rae White 
Police Chief, Silverio Sanchez 
Fire C%f, Ken Strickland 
Treasu ir, Leticia Allison 
School Superintendent, Alfred Negrete 

CITY OF MEklLB3 PARK 
(County of San Matao) 

Incorporated November 23, 1927 
Legislative Districts: 1 Ith and 12th Congressional; 

10th Senatorial; 20th and 21st Assembly 
General law city. Population 26,826. Council meee 
second and fourth Tuesdays of month in Council 

Chambers, 701 Laurel Sc, 94025. 
Central Telephone: 415-325-3211 , 

Mayor: Billy Ray White 
City Manager; Michael A. Bedwell 

Mayor proTem. 'Vacant 
Councilman, Gerry B. Andeen 
Councilman, Douglas W. Dupen 
Councilman, Peg Gunn 
City Clerk, Margaret E. Snowden 
Police Chief, Gerald E. McNamara 
Fire Chief, Vincent Del Pozzo 
City Artorney, .John D. Jorgenson 
'June election 
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CITY OF M E R C E 5  
(County of Merced) 

Incorporated April 1, 1889 
Legislative Districts: 15th Congressional; 

14th Senatorial; 27th Assembly 
Chartered city. Population 36,424. Council meets 

first and third ,Mondays of month in 
City Hall, 18th and “M’ Sts., 953W. 

Central Telephone: 209-722413 1 
Mayor: Robert L. Hart 

City Manager: Allan R. Schell 
Mayor pro Tern, Carol Gabriault 
Councilman, Tom Archer 
Councilman, Samuel C. Pipes 
Councilman, Norman Herman 
Councilman, Joseph G. Trudel, Jr. 
Councilwomm, Carolyn Goings 
City Clerk, Allan R. Schell 
Police Chief, Hzrold Kulbeth 
Fire Chief, Joe W. Ortiz 
School Superintendent, Vacant 
City Attorney, Steven F. Nord 

ClTY OF MlblBRAE 
(County 04 San Mateo) 

Incorporated January 14, 1948 
Legislative Districts: 1 l th Congressional; 

6rh Senatorial; 19th Assembly 
General law city. Population 21,250. Council meets 
second and fourth Tuesdays of month in Council 
Chambers, City Hall, 621 Magnolia Ave., 94030. 

Central Telephone: 415-877-3954 
Mayor: Arthur Lepore 

City Administrator: William Huston 
Vice Mayor, Tnllio Bertini 
Councilman, Mary Griffin 
Councilman, Paul Van Iderstine 
Councilman, Frank T. Cannizzaro 
City Clerk, Marie McKechnie 
Police Chief, John Dineen 
Fire Chief, Michael P. Dolder 
Treasurer,’ Daniel F. Q i g g  
School Superintendent, Dr. Edward J. Muehlhausen 
City Attomey, Frank Gillio 

GiTY OF M!kE VALLEY 
(County of Marin) 

Incorporated September 4, 1900 
Legislative Dismcts: 5th Congressional; 

2nd Senatorial; 9th Assembly 
General law city. Population 12,716. Council meets first 

and third Mondays of each month in Council 
Chambers, City Hall, 26 Cone Madera Ave., 94941. 

Central Telephone 415-3884033 
Mayor: Joan Boessenecker 

City Manager: Vernon Hazen 
Councilman, Douglas Bindernp 
Councilman, Richard Sporswood 
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Counciiwoman, Flora Praszker 
Councilman, John Jaeger 
City Clerk, Elaine Carry 
City Treasurer, John Tweedie 
Fire and Police Services Director, William Walsh 
School Superintendent. Byron Mauzy (Interim) 
City Attorney, Leland Jordan 

GiTY OF MfbPKAS 
(Counly of Santa Clara) 
Incorporated January 26, 1954 

Legislative .Districts: 10th Congressional; 
11 th Senatorial; 25th Assembly 

General law city. Population 36,412. Council meets first 
and third Tuesdays of each month in City Hall, 

455 E. Calavetas Blvd., 95035. 
Central Telephone: 408-262-23 10 

Mayor: Peter A. “Primo” McHugh 
City Manager: John. L, Maltbie 

Mayor pro Tem. James Rodgers 
Councilman,. Philip James (Jim) Bargabus 
Councilman, Gilbert Gonzalez 
Councilm,an, Elwood “EJ” johnson 
City Clerk, W. E. Smith 
Police Chief, James B. Murray’ 
Fire Chief, Michael N. Hanvood 
School Superintendent. Richard P. Mesa 
City Treasurer, W. E. Smith 
City Attorney, Easkell M. Goodman 

ClTY 6 F  MaDDESTCB 
(CounPy of Stanislaus) 
Incorporated August 6, 188% 

Legislative Districts: 14th and l5rh Congressiortal; 
13th and 14th Senatorial; ‘26th and.27th Assembly 

Chartered city. Population 103,400. Council meets first 
and third Tuesdays at  4:OO u.m. and second and fourth 

Tuesdays ai7:30 p.m.*in Council Chambers, 
Citv Hall. 801 l l rh  St.. 95353. 

Cen&ai TelLphone: 209-577-5200 
Mayor: Peggy Mensinger 

City Manager: Garth Lipsky 
Councilmember, Sue Siefkin 
Councilmember, Tom Bright 
Councilmember, Richard A. Lang 
Councilmember, Frank Muratore 
Councilmember, Richard Patterson 
Councilmember, Robert T. Elliott 
City Clerk, Norrine Coyle 
Police ChieF, Gerald McKinsey 
Fire Chief, Bruce Simons 
School Superintendent, Robert C. Otto 

CJTM OF MQNalRBViA 
(County of Los Angsles) 

Incorporated December 15, 1887 
Legislative Districts: 26th Congressional; 

25th Senatorid; 6 1 s  Assembly 
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General law city. Population 30,015. Council meets first 
and third Tuesdays of month in City Hall, 

415 S. Ivy Ave., 91016. 
Central Telephone: 213-359-3231 

Mayor: Paul.Stuart 
City Manager: Robert Ovrom 

Mayor pro Tern. Robert Bartlett 
Councilman,. Eric Fairh 
Councilwoman, Mary Wilcox 
Councilmen, Ed Zoolalian 
City Clerk, Patricia Ostrye 
Police Chief, Billie Tubbs 
Fire Chief, George Kahl 
Treasurer, Hilda Herb 
School Superintendent, Gwen Collier 

CITY OF IVONTAGUIE 
(County 04 Siskiyou) 

Incorporated January 28, 1909 
Legislative Districts: 1st Congressional; 

1st Senatorial; 1st Assembly 
General law city. Population 890. Council meets first 

2nd third Thursdays each monrh a t  E30 p.m. in 
City Hall, 1030 13th St., 96064. 

Central Telephone: 916-459-3030 
Mayor: Walter Bray 

Councilman, Carl Carlson 
Councilman. Glenn Ruddell 
Councilman, Vacant 
Councilman, Trudi Soli 
City Clerk, Gloria Jean Jones 
Police Chief, Chris Vasquez 
Fire Chief, Gene Frost 
Treasurer, Aha C. Coarney 
School Superintendent, Richard A. Woodruff 

CiTY OF MQNTCLABW, 
(County of San Bernardino) 

Incorporated April 25, 1956 
Legislative Districts: 35th Congressional; 

32nd Senatorial; 65th Assembly 
General law city. Population 22,400. Council meets first 

and third Mondays of month in City Hall, 
5111 Binito St., 91763. . 

Central Telephone: 7144268571 
Mayor: Harold M. Hayes 

City Adminismator: G. Michael Milhiser 
Mayor pro Tem, William Nelson Gentry 
Councilman, Walrer H. Hackett, Jr. 
Councilman, George C. Klon 
Councilman, Leonard Paulirz 
City Clerk, Gertrude L. Hill 
Police Chief, Roger M. Moulton 
Fire Chief, Harold G. Duncan 
City Attorney, Eugene A. Demchuk 

(County of Los Angalas) 
Incorporated October 16, 1920 
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Legislative Districts: 30th Congressional; 
26th Senatorial; 59th Assembly 

General law city. Population 50.000. Council meets 
Second and fourrh Mondays of month at 7:30 p.m. in 

City Hall, 1600 Beverly Blvd., 906.10. 
Central Telephone: 213-725-1200 

Mayor: Art Payan 
City Administrator: Joseph. Goeden 

Mayor pro Tern, Richard M. Tafoya 
Councilman, Phillip M. Ramos 
Councilman,'Richard M. Tafoya 
Councilman, William 0. Nighswonger 
City Clerk, Andrew T, Lambo 
Police Chief, Les Sourisseau 
Fire Chief, Robert King 
Treasurer, Phillip J. Pace 

GJTY OF MWOMTEREY 
(County of Monteray) 
Incorporated June 14. 1889 

Legislative Dismcts: 16th Congressional; 
17th Senatorial; 28th Assembly 

Charrered.city. Population 27.700. Council meets first 
and third Tuesdays of month in Council Chambers, 

Few Memorial Hall of Records, 93940. 
Central Telephone: $08-6443750 

Mayor:'Gerald T. Fry 
City Manager: John 0. Dunn 

Councilman, Dan Albert - , 

Councilman, Louis B. Gold 
Councilman, Theodore Hooker 
Councilman, Alvin Andrus 
City Clerk, Patricia OHearn 
Police Chief, Harold Benadom 
Fire Chief, John Montenero 
Schor: Superintendent, James Harrison 
City artorney, William C. Marsh 

(County of Los Wngslesf 
Incorporated May 29, 1916 

Legislative Disxicts: 30th Congressional; 
26th Senatorial; 59th Assembly 

General law city. Population 54;298. Countil meets 
second 2nd fourth Mondays of month at 730 p.m. in 

Council Chambers, City Hall, 
320 W. Newmark Ave., 91754. 

Central Telephone: 213-573-1211 
Mayor: Louise Davis 

.City Manager: Lloyd R. deLlamas 
Mayor pro Tern, G. Monty Manibog 
Councilman, George W. Westphaln 

Councilman, Harry 'E. Couch 
City Clerk, Theresa M. Amador 
Police Chief, Jon Elder 
Fire Chief, Harry Greenland . 

*Councilman, Vacant 
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Treasurer, George Ige 
City Attorney, Norman Lieberman 

*election 6/81 

CITY OF BA!3MT’% SEREPJQ 
(County OS Santa Clara) 

Incorporated May I?. 1957 
Legislative Districts: 13th Congressional; 

12th Senatorial; 22nd Assembly 
General law city, Population 3,388. Council meets first 
and tbird Tuesdays each month in Red Cross Chapter 

House, 18011 Saratoga-Los Gatos Rd., 95030. 
Central Telephone: 408-354-7635 

Mayor: William C. Short 
Citv Administrator: Donald C. Wimberlv 
I 

Vice Mayor, Barbara F. Winckier 
Councilman, John F. Foley 
Councilman, John J. Cody 
Councilman, James P. Burgard 
City Clerk, Fay Furtado 
City Engineer, Donald C. Wimherly 
City Attorney, Frank Gillio 
City Treasurer, Howard Asp 

, 

TOWN OF NORAGA 
(Gounw of Contra Casta) 

Incorporated November 13, 1974 
Legislative Districts: 8th Congressional; 

9th Senatorial; 12th Assembly 
General law city. Population 15,000. Council meets first, 

third and fifth Wednesdays of each month at 
Joaquin Moraga Intermediate School, 

I010 Cainino Pablo, 94556. 
Central Telephone: 415-376-5200 

Mayor: Michael T. Cory 
Vice-Mayor, William G. Combs 
Councilman, John W. Fowler 
Councilman, Barry R. Gross 
Councilwoman, Margaret DePriester 
Town Clerk, Gary C. Chase 
Treasurer, Gary E. Irwin 
Fire Chief, Donald Skinner 
Police Chief, Lawrence G. Olson 
School Superintendent, Dr. Harold J. Maves 

C U T  OF MtlORGAM WEL 
(County of §anta Clara) 

Incorporated November 10, 1906 
Legislative Districts: 13th Congressional; 

11th Senatorial; 24th Assembly 
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Councilman, Steve Pearson 
Councilman, Daniel C. Bertelli 
Councilman, Jeff Pederson 
City Clerk, Madge W. Soares 
Police Chief, William S .  Dodeward 
Fire Chief, Bradley R. Spencer 
School Superintendent, Robert Stannard 
City Treasurer, Betty G. Busk 
City Attorney, Walter V. Hays 

6!-hY OF pd!oB?wo 83Ay , 
(County of §an Luis Qbispo) 

Incorporated July 17, 1964 
Legislative Districts: 16th Congressional; 

17th Senatorial; 29th Assembly 
General law city. Population 9,078. Council meets 

second and fourth Mondays at City Recreation Hall, 
Dunes St. and.Shasta Ave., 93442. . 
Central Telephone: 805-772-1214 

Mayor: Warren M. Dorn 
City Administrator: Paul Baxter 

hlayor pro Tem, John Lemons 
Councilman, Rodger Anderson 
Councilwoman, Dorotha Deutsch I 

Councilwoman, Herminia Ward 
City Clerk. Paul Baxter 
Police Chief, AI Olson 
Fire Chief, Bernard.Zerr 
City Attorney, Michael T. LeSage ’ 

CITY OF rvtOUd-hA!Pa VIEW 
(County of $anta Clara) 

Incorporated November 7, 1902 
Legislative Districts: 12th Congressional; 
10th Senatorial; 2lst and 22nd Assembly 

Chartered city. Population 59,500. Council meets the 
second and last Mondays of each month at 7:30 p.m. 

in City Hall, 540 Castro St., 94041. 
Central Telephone: 415-966-6305 

Mayor: Marilyn S .  Perry 
City Manager: Bruce W. Liedstrand 

Vice-Mayor, Patricia Figueroa 
Councilman, Richard J. Wilmuth 
Councilwoman, Angelo Frosolone 
Councilman, Leslie C. Nichols 
Councilman, Ronald D. Packard 
Councilman, Matthew A. Allen 
City Clerk, Alice Roylance 
Police Chief, Robert K. Schatz 
Fire Chief, Robert Burns 
City Attorney, Peter D. Bulem 

General law city. Population 16,600. Council meets first 
~ CITY OF MT. SB-3AS-i-A 

and third Wednesdays of month in Council Chambers, 
Civic Center, 17555 Peak Avenue, 95037. 

Central Telephone: Administration 408-779-727 1 
Mayor: Neil Heiman 

City Manager: Charles R. Care 

(County of Siskiyou) 
Incorporated May 31,  1905 

Legislative Districts: 1st Congressional; 
1st Senatorial; 1st Assembly 

General law city. Population 2,832. Council mecrs Councilwoman, Beth Wyman 
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second and fourth Mondays of the month in City Hall, 
305 N. Mt. Shasta Blvd., 96067. 

Central Telephone 916-926-2141 
Mayor: Charles D. Seeley 

Councilmember, Richard Derwingson 
Councilmember, Jack Smith 
Councilmember, Clarice Vacent 
Councilmember, Dennis Engdahl 
City Clerk, Gino blarconi 
Police Chief, Harold L. Barniim 
Fire Chief, Frank Malo 
Treasurer, Everett V. Lee 
City Attorney, David E. Oris 

CITY cy= NAPA 
(Counv of Fdapa) 

Incorporated March 23, 1872 
Legislative Districts: 2nd Congressional; 

4th Senatorial; 8th Assembly 
Chartered city. Population 49,892. Council meefs first 

and third Tuesdays of month in City Hail, 
955 School St., 94558. 

Central Telephone: 707-252-7711 
,Mayor: Phyllis Moore 

City Manager; William L. Bopf 

.. 

Councilman,.Alan R. Young 
Councilman, Floyd E. Srone 
Councilwoman, Dorothy G. Searcy 
Councilman, Leonard A. Austin 
City Clerk, Allen R. Thorpe, CMC 
Police Chief, Kenneth D. Jennings 
Fire Chief, Milton Ochi 
City Attorney, Malcolm A. Mackenzie . 

CITY OF NAT8QNAE CITY 
(County of §an Diego) 
Incorporated July 28, 1887 

Legislative Districts: 42nd Congressional; 
40th Senatorial; 80th Assembly 

General law city. Population 48,567. Council meets first 
four Tuesdays o f  month in Council Chambers, 

1243 National City Blvd., 92050. 
Central Telephone: 714-477-1181 

Mayor: Kile Morgan 
City Manager: Tom G. McCabe 

.' 

Vice-Mayor. Jess E. Van Deventer 
Councilman, George H. Waters 
Councilman, J. Louis Camacho 
Councilman, Michael R Dalla 
City Clerk. Ione.Campbel1 
Police Chief, Terry E. Hart 
Fire Chief, Richard Bridges 
Treasurer, Ida Mae H. Kerr 

6iTY OF F1EE:DLES 
(County of §an Barnardino) 

Incorporared October 30, 1913 
Legislative Districts: 37th Congressional; 
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16th Senatorial; .34th Assembly 
Chartered city. Population 4.1 15. Council meets first 

and third Mondays of month at 7:30 p.m. in 
Council Chambers, city Hdll, 92363. 

Central Telephone: 714-326-2113 
Mayor: Huey M. O'Dell 

' City Manager: Vernon Bailey 
Mayor pro Tem, David. B. Daniel 
Councilwoman, Shirley Lackey 
Councilman, Leon 0. Willman 
Councilman, Robert G. Prochaska 
Councilwoman, Louise T. Corey 
Councilman, Peter F. Dwyer 
City Clerk, Vernon Bailey 
Police Chief,,Bruce Weekley 
Fire Chief, Herb Eberhardt 
School Superintendent, Anthony Johnson 

-CITY OF NEVADA CWY 
(County of Nevada) 

Incorporated April 19, 1856 
Legislative Districts: 1st Congressional; 

1st Senatorial; 3rd Assembly 
General 1a.w city. Population 2,451, Council meets 

second Monday of month at 7 p.m. in Council 
Chambers, City Hall, 317 Broad St., 9595q. 

Central Telephone: 916-265-2496 
Mayor: Paul J. Matson. 

City Manager: Bery1.P. Robinson, J .  
Councilman, Lynn Bramkamp, Jr. 
Councilman, E r n s t  J. Pello 
Councilman, James A. Moon 
Councilwoman, Cathy Wilcox-Barnes 
City Clerk, Judy A. Schwein 
Police Chief, Bi!ly E. Beard 
Fire Chief, Doug Towne 
Treasurer, Jack P. Gooch 
City Attorney, James P. Young 

@1TY OF MEWARK 
(County of Namada) 

Incorporated Septemher.22, 1955 
Legislative Districts: 10th Congressional; 

11th Senatorial; 25th Assembly 
General law city. Population 30,898. Council meets . 
second and fourth Thursdays at 8 p.m. in Counul 

Chambers, 37101 Newark Blvd., 94560. 
Central Telephone: 415-793-1400 

Mayor: David W. Smith 
City Manager: Richard W. Turnlund 

Mayor pro Tem, Shirley D. Sirk 
Councilman, Jerry C. Foster 
Councilman, Louis~M. Cortez 
Councilman, Alan L. Nagy 
City.Clerk, A. T. H u a o  
Police Chief, Carl W. Pierce 
Fire Chief, F. Preston Spalding 
School Superintendent. Evelyn Kipp 
City Attorney, Anthony J. Garcia 
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Ci'TY OF ~~~~~~A~ 
(County of Stanislaus] 
Incorporated June 10, 1908 

Legislative Districts: 14th Congressional; 
14th Senatorial; 27th Assembly 

General law city. Population 2,590. Council meets 
second and fourth Tuesdays of month, 7:30 p.m., City- 

County Bldg., I200 0 St.. 95360. 
Central Telephone: 209-862-3725 

Mayor: Hurd Barrington. Jr. 
City Manager: Leslie L. Doolinle 

Mayor pro Tem. Robert C. Bagley 
Councilmember, Janet H. Carlsen 
Councilmember, Frank M. Dompe, Jr. 
Councilmember, Glee C. William 
City Clerk, Leslie L. Doolittle 
Police Chief, Thomas W. Engstrom 
Fire Chief, Thomas W. Powell 
Treasurer, Ray S. Wade 
School Superintendent, Robert Fisher 
City Attorney, Harold R. Densmore 

CiTY OF NEWPQWT BEACH 
(County of Orange) 

Incorporated September 1, 1906 
Legislative Districts: 40th Congressional; 

36th Senatorial; 74th Assembly 
Chartered city. Population 65,750. Council meets second 

and fourth Mondays of month at E30 pm,,  
City Hall, 3300 Newport Blvd., 92663. 

Central Telephone: 714-640-2251 
Mayor: Jacqueline E. Heather 

City Mnnnger: Robert L. Wynh 
Mayor pro Tem. Evelyn R. Hart 
Councilwoman. Ruthelyn Plummer 
Councilman, Philip R. Maurer 
Councilmari, John C. Cox, Jr. 
Councilman, Paul L. Hummel 
Councilman, Donald A. Strauss 
City Clerk, Wanda E. Andersen 
Police Chief, Charles Gross 
Fire Chief, Jim Reed 
City Attorney, Hugh R. Coffin 

G U Y  OF MORCO 
(County of Riwsrsids) 

Incorporated December 28. 1964 
Legislative Districts: 36th Congressional; 

34th Senatorial; 68th Assembly 
General law city. Population 20,976. Council meets first 

and third Wednesdays of each month at E30 p.m. at 
3954 Old Hamner Ave., 91760. 

Central Telephone: 71+735-3900 
Mayor: Naomi R. Feagan 

City Manager: Robert L. Williams (Interim) 

' 

Mayor pro Tern. Steve M. Nathan 
Councilman. Lori Gregg 
Councilman, F. R. "Phil" Jones 
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Councilman, Ron Wildfong 
City Clerk, Muriel A. Ruthrauff 
Fire Chief, Donald L. Iohnson 

CITY OF NORWALK 
(Cosnty 0: Los Angeles) 
Incorporated August 26, 1957 

Legislative Districts: 3 3rd Congressional; 
33rd Senatorial; 63rd Assembly 

General law city. Population 91,827. Council meets 
second and fourth Mondays. 7:30 pm., in 

City Hall, 12700 Norwalk Blvd., 90650. 
Central Telephone: 213-868-3254 

Mayor: Cecil N. Green 
City Administrator: Wil1iam.H. Kraus 

Mayor pro Tem, ,John Zimmerman, Jr. 
Councilman, Robert E. Wbire 
Councilwoman, Margaret I. Nelson 
Councilman, Arthur F. Gerdes 
City Clerk, William H. Kraus 
City Attorney, J. Kenneth Brown 

CiTY OF MOVATB 
(~ounty of Marin) 

IncorporatedJanua~ 20, 1960 
Legislarive Districts: 5th Congressional; 2nd Senatorial: 

9th .4ssembly 
General law city. Population 42,620. Council meets 

first and third Tuesdays of month in Council Chambers, 
Machin and DeLong Sts., 94947. 
Central Telephone: 415-897-6111 ' .. 

Mayor: Frank U'ren 
City Manager: Phillip J. Brown 

Mayor pro Teem, Robe& Stockwell 
Councilman, Ernest Gray 
Councilman, Susan Stompe 
Councilman, Hugh Turnex 
City Clerk, Peggy Lehigh - 
Police Chief, William Kirkpatrick 
Fire Chief, James Berthenier 
School Superintendent, Ron Franklin 

CITY 8F.QAKDABE 
(County of Stanislaus) 

Incorporated November 24, 1906 
Legislative Districts: 14th Congressionel; 

13th Senatorial; 26th Assembly 
General lam city. Population 8,500. Council meets firs1 

and third Mondays of month at 7 p.m. in Council 
Chambers, City Hall, 280 N .  3rd Avenue, 95361. 

Central Telephone: 269-847-3031 
Mayor: Eldon L. Kinerman 

City Adminiszrator: Michael W. Huse . Mayor pro Tem, Robert C. Chicou 
Councilman, Robert E. Chicou 
Councilman, Elmo Garcia 
Councilman, Robert E. Wikoff 
City Clerk, Rebecca.A. Peluso 
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Police Chief, David Sundy 
Fire Chizf, Jack Criswell 

School Superintendent, Rodger Irvine 

second and fourth Tuesdays of month at 7:30 p.m. 
in City Hall. 401 S. Ventura St., 93023. 

Central Telephone: 805-646-558 1 
Mayor: Derald Chisum 

City Manager: Carl Hatfield, Jr. 

’ Treasurer, Roche J. Husing 

‘G1TY OF OAKLAND 
(County of Alameda) 
Incorporated May 4, 1852 

Legislative Districts: 8th and 9th Congressional; 
8th and 9th Senatorial; 12th through 14th Assembly 
Chartered city. Population 362.100. Council meets 

Tuesdays at E30 p.m. in City Hall, 
14th and Washington Streets, 94612. 

Central Telephone: 415-VA-2489 
Mayor: Lionel J. Wilson 

Mayor pro Tem, Frank lrlcDevitt 
Councilman, James D. Loebl 
Councilman, John F. Fay 
Councilwoman, Katherine Van Dellen 
City Clerk, Cyndi Reynolds 
Police Chief, Vincenr France 
School Superintendent, Dr, Albert Marley 

0 

CiTY OF OMTARlt3 - City Manager: David A. Self 
Councilman, Marge Gibson 
Councihan, Carter. Gilmore 
Councilman, Frank H. Ogawa 
Councilman, Wilson Riles, Jr. 
Councilman, Dick Spees 
Councilman, Mary Moore 
Councilman, Dr. Raymond L. Eng 
Councilman, John Sutter 
City Clerk, Arrece Jameson 
Police Chief, George T. Hart 
Fire Chief, Walter Pierson 
City Auditor, Norma N g  Lau 
School Superintendent, Ruth Love 

(CowWy of San Barnardino) 
Incorporated December 10, 1891 

Legislative Districts: 35th Congressional; 
32nd Senatorial; 65th Assembly 

General law city. Population 87,800. Council meers first 
and third Tuesdays of month in Council Chambers, 

City Hall, 303 East “E3 Streeq 91764. 
CentrdTeIephone: 714-986-1 151 

Mayor: R. E. Ellingwood 
City Manager: Roger Hughbanks 

Mayor pro Tern, Faye Myers Dastrup 
Councilmnn, Homer F. Briggs 
Councilman, Robert K. Abel 
Councilman, Beecher Medlin 
City Clerk, De Loris E. Artmburn 
Police Chief, Leroy Kolbrek 
Fire Chief, David Lee 
Treasurer, Kenneth Keenly 

esTY OF OCEANS!DE 
(County of San Diego) 
Incorporated July 3, 1888 

Legislativr Districts. 40th and 43rd Congressional; 
36th and 38th Senatorial; 74th and 76th Assembly 

General law city. Population 77,8W. Council meets 
second and fourth Wednesdays of month at 9:OO a.m. 

in Council Chambers, 323 N. Nevada St., 92054. 
Central Telephone: 714-439-7300 

Mayor: Lawrence Bagley 
City Manager: Rnhert S. Bourcier 

CITY OF Q R A N ~ E  
m m y  of orange) 

Incorporated April 6, I888 
Legislative Districts: 39th Congressional; 

35th Senatorial;,70th Assembly 
General law city. Population 87.900. Council meets 

second, third, and fourth Tuesdays of month at 
4:OO p.m. and 7;OO p.m. in Council Chambers, Civic Cen, 

fer, 300 E. Chapman Ave:, 92666. 
Central Telephone: 714-532-0341 

Mayor: James H. Beam 
City Manager: Joseph N. Baker 

Deputy Mayor, John Casey 
Councilman, Ray Burgess 
Councilwoman, Melba Bishop 
Councilman, William Bell 
City Clerk, Barbara Bishop 
Police Chief, Rolf A. Henze 
Fire Chief, Jack W. Rosenquist 
Treasurer, Earl H. ”Ted” Ritz 
School Superintendent, Roderic V. Moore 
City Attorney, Charles Revlett Mayor pro Tern, Don E. Smith 

Councilman, Fred L. Barrera 
Councilman, Eugene Beyer 
Councilman, Jess F. Perez 
City Clerk, Marilyn J. Jensen 
Police Chief, vacant 
Fire Chief, Harold Bougher 
I reasurer, Lorraine Schade 
School Superintcndenr, Donald W. Ingwerson 
City Attorney, Furman B. Robens 

CITY OF OJWf 
(County of Venturi) 

Incorporated August 5, 1921 
Legislative Districts: 19th Congressional: 

18th Senarorisl; 36th Assembly 
General law city. Popularion 6,425. Council meets 

I 
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ClTY OF GRANGE COVE 
( C O U ~ ~  O f  Fissno) 

Incorporated January 20, 19% 
Legislatire Districts: 17th Congressional; 

15th Senatorial; 31% Assembly 
General law city. Population 3,801. Council meets 

second and fourth Wednesdays of month in 
City Hall, 555 Sixth St., 93646. 

Central Telephone: 209-62W88 
Mayor: Victor P. Lopez 

City Administrator; Ismael Rodriqua 
Mayor pro Tem, Roy Rodriguez 
Councilman, Claude D. Holt 
Councilman, Eugene E. Pinedo 
Councilman, Olegano Villarreal 
Ciry Clerk, Patricia A. Riley 
Fire Chief, Mose C. Story 
City Attorney, Ernest H. Tutde 

CsTY OF QRLAND 
(County of Glann) 

Incorporated November 11, 1905, 
Legislative Districts: 1st Congressional; 

1st Senatorial; 1st Assembly 
General law ciry. Population 3,973. Council meets 

second and fnurrh Mondays of each month 
at 8 p.m. in Carnegie Communiry Center, 

912 Third Street, 95963. 
Central Telephone: 9168654711 

Mayor: Bette J. Schmidt 
Councilwoman, Anne H. Rucker 
Councilman, James D. Millert 
Councilman, Dave Gomez 
Councilman, Larry Hefty 
City Clerk, Myra Trammel 
Police Chief, William R. Gilcrexse 
Fire Chief, Roberr Holvik 
Treasurer, Sharon N. Schmidt 
School Superintendent, Charles J. Hahn 
City Attorney, Angus I. Saint-Evens 

ClTY OF ORQViLLE 
(County of Butte) 

Incorporated January 3, 1906 
Legislative Districts: 1st Congressional; 

1st Senatorial; 1st and 3rd Assembly 
Chartered city. Population 8,350. Council meets first 

and third Monday at 8:00 p.m. and 230  p.m. 
respectively, in Council Chamhers, 

City I-Iall, 1735 blnntgomery St., 95965. 
Central Telephone: 916-533-9251 

Mayor: Clayton W, DArcy 
City Administrator: David M. Jinkens 

Vice-Mayor, Jan3 Wilson 
Councilman, R. Wayne Houseworth 
Councilman, Harold Pietz 
Councilman, Norman Roberts 
Councilmnn, James A. Rossas 
City Clerk, David M. Jinkens 
Police Chief, Jan R Duke 

Fire Chief, Eugene W. Ludwig 
Treasurer, Harold Kroeger 
Ciry Attorney, Chirles E: Lueder 

Gn-Y OF OXNARD 
(County of Ventura) 

Incorporared June 30, 1903 
Legislarive Districts: 19th and 20th Congressional; 

18th Senatorial; 36th Assembly 
GeneraLlaw city. Population 102,100. Council meets 

first four Tuesdays of month at 1:30 p.m. and 7:30 p.m. 
in Council Chambers, City Hall. 

305 W. Third St., 93030. 
Central Telephone: 8054864311 

Mayor: Dr. Tsuujio Kat0 
Acting City Manager: Steven A. Cook 

Mayor pro Tem, Manuel M. Lopez 
Councilwoman, Dorothy S. Maron 
Councilman, Nao Takasugi 
Councilman, R. Blinn Maxwell 
City Clerk, Miss Mabi Covarrubias 
Police Chief, Robert P. Owens 
Fire Chief, Henry A. Gustafson 
Treasurer, Robert De La Cruz 
City Attorney, K. Duane Lyders 

CITY OF PACIFICA 
(C!oun?y of San Mateo) 

Incorporated November 22, 1957 . 
Legislative Districts: 11th Congressional; 

6th Senatorial; 19th Assembly 
General law city. Population 39,000. Council meets 

second and fourth Mondays.of each month a t  8:OO p.m. 
in Council Chambers. Sewage Treament Plant, 

2212 .Beach Blvd. 
City Hall located at'170 Sanaa Maria Ave.., 94W. 

Central Telephone: 415-877-1-8600 
Mayor:' Ellie McGuire.Clark 

City Manager: Gul Ramchandzini (Acting) 

,, 

Mayor pro Tern, Fred Howard 
Councilmember, Ginny Silva Jaquith 
Councilmember, Stanley M. Farber 
Councilmember, Peter Murray 
City Clerk, Gul Ramchandani (Acting) 
Police Chief, Anthony Guardino 
Fire Chief, Calvin Hinton 

CITY QF PACIF!C GROVE 
(Covnw of Monaersy) 
Incbcporated July 5, 1889 

Legislative Districts: 16th Congressional; 
17th Senatorial; 28th Assembly 

Chartered city. Population 18,005. Council meets First 
and third N'ednesd3ys of month in Council Chambers, 

City Hall, 300 Forest Avenue, 93950. 
Central Telephone: 408-375-9861 

Mayor: .Florus C. Williams 
City Manager: Gary W. Bales 

Councilmember, Madelyn A. Sloan 
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Councilmember, Kris Franco 
Councilmember, Don Martine 
Councilmember, Morris Fisher 
Councilmember. James R. Hughes 
Councilmember, David J. Eaton 
City Cletk, William S. Pitt 
Police Chief, John Matteson 
Fire Chief, Donald T. Gasperson 
School Superintendent, Troy E. Bramlett 
City Attorney, Theodore G. Morris 

I 

CITY OF PALMDALE 
(County of Los Angalas) 
Incorporated August 24, 1962 

Legislative Districts: 18th Congressional; 
16th Senatorial; 34th Assembly 

General law city. Population 12,773. Council meets 
second Thursday of each month at 7:30 p.m. in 

Council Chambers, Palmdale City Hall, 
708 East Palmdale Blvd., 93550. 
Central Telephone: 805-273-3 162 

Mayor: Lynda Cook 
Citv Administrator: Parrick K. Rossall 

Vice-Mayor, Anronio Soza 
Councilman, Harry Shaw 
Councilman, Bob St. Clair 
Councilman, Earl Sherhurn 
City Clerk, Patrick I<. Rossall 
City Attorney, James S. Kostas 

ClTY OF PALM DESERT 
(County 05 Riwersida) 

Incorporated November 26, 1'973 
Legislitive Districrs: 37th Congressional; 

38th Senatorial; 75th Assembly 
General law city. Populat/on 14,145. Council meets sec- 

ond and fourth Thursdays at 7:OO p.m. in Council Cbam- 
bers, City Hall, 45-275 Pricldy Pear Lane, 92260. 

Central Telephone: 714-346-061 1 
Mayor: S. Roy Wilson 

City Manager: Martin J. Bouman 
Mayor pro Tem, Alexis D. Newbrander 
Councilman, James .E. McPherson 
Councilman, Walter H. Snyder 
Councilman, Romeo S. Puluqi 
City Clerk, Sheila Gilligan 
Police Chief, Contract Out 
Fire Chief, Contract Out 

r ' >  

ClTY OF PALM SPRINGS 
(County of Riversida) 

Incorporated April 20, 1935 
Legislative Districts: 3 7th Congressional; 

38th Senatorial; 75th Assembly 
Genera! law city. Population 36,150. Council meets first 

and third Wednesdays of each month in  Council 
Chambers, City Hall, 3200 Tabquia-blcCa1lum Way, 

P.O. Box 1786, 92263. 

Central Telephone: 714-323-6201 
iliayor: John F. Doyle 

City Manager: Norm King 
Mayor pro Tem, Elliot Field 
Councilman, Robert Rose 
Councilwoman, Vyola Ortner 
Councilman, Russell Beirich 
City Clerk, Norm King 
Police Chief, Thomas Kendra 
Fire Chief, Byron Chaney 
School Saperintendent;Larry Rutan 
City Treasurer, Dallas Flicek 
City Attorney, William Adamr 

CtTY OF PALO ALTO 
- (County of Santa Clara) 

Incorporated April 23. 1894 
Legislative Districts: 12th Congressional; 

10th Senatorial; 2lst Assembly 
Chartered city. Population 54,100. Council meets the 

first four Mondays of month at E30 p.m. in 
City Hall, 250 Hamilton Ave., 94301. 

'Mayor: Alan Henderson 
City Manager: William Zaner 

. .  - Centrd Telephone: 415-329-2571 

"Vice Mayor, E!len Fletcher 
Councilmember, Betsy Bechtel 
Councilmemher,.Fred S. Eyerly 
Councilmember, Gary P. Fazzino -. , 
Councilmember, Leland D. Levy 
Councilmember, Emily M. Renzel 
Councilmember, Anne R. Witherspoon 
Councilmember, Vacant 
City Clerk, Ann J. Tanner 
Police Chief, James Zurcher 
Fire Chief, Roben Wall (Acting) 
School Superintendent, Dr. Newman Walker 
City Attorney, Roy Abrams 

General municipal election 11/3/81 
*will change 7/1/81 

ClTY OF PALOS WERDES ESTATES 
(County of Los Angahsf 

Incorporated December 20, 1939 
Legislative Dismcts: 27th Congressional; 

27th Senatorial; 5 1 s  Assembly 
General law city. Population 15,101. CounciI.meets 
second and fourth Tuesdays of month at 7:30 p.m. 

in City Hall, 3 1 0  Palos Verdes Drive W., 90274. 
Central Telephone: 213-378-0383 

Mayor: Robert A. Welbourn , 
City Manager: Thomas A. Devereux 

Mayor pro Tem, Jack F. Dustoo 
C.ouncilman, Edward Ritscher 
Councilwoman, Barbara Culver 
Councilman, Ronald Florance 
City Clerk, Mary Waldo 
Police Chief, John E. Dollarhide 
Fire Chief, Richard Wmdt ' 
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Treasurer, Hazel L. Elder 
City Attorney, Mark C. Allen, Jr. 

Fire Chief, X-acant 
School Superintendent, Leo S. Cardona 

TOIJVh! OF PARADISE 
( C Q U ~ ~  of BuMe) 

Incorporated November 27. 1979 
Legislative Districts: 1st Congressional; 

General law city. Population 23,loO. Council 
meets first and third Wednesday of each 

month at 730 p.m. in Town Hall, 
5555 Skyway, 95969. 

Central Telephone: 916-872-8696 
Mayor: Warren H. Humbert 

Town Manager’: Hal C. Nelson 

1st Senatorial; 3rd Assembly . 

Vice Mayor: Dona D. Gavagan 
Councilman, William S. Holding 
Councilwoman. Alice R. Smith 
Councilman, Dr. William R. Taylor 
Police Chief, Gary J. Lester 
Eire Chief, James P. Gilpatrick 
Town Clerk, Donna M. Matteis 
Town Attorney, Alan E. Burchett 

CiTY OF PARAMQUNT 
(County of Los Wngales) 
lncorporated January 30, 1957 

Legislative Districts: 3 1st Congressional; 
28th Senatorial; 54th Assembly 

General law city. Population 38,000. Council meets first 
Tuesday of encb month in City Hall, 

16400 South Colorado Ave., 90723. 
Central Telephone: 213-634-2123 

Mayor: Charles R. Weldon 
City Manager: William A. Holt 

0 
Vice-Mayor: Gerald A. Mulrooney 
Councilman, Cornelius Boogaard 
Councilwoman, Esther Caldwell 
Councilman, Ted J. Mosier 
City Clerk, William A. Holt 
city Attorney, Maurice F. OShea 

CITY OF PASADENA 
(Couniy of bos Angeles) 

Incorporated June 19, 1886 
Legislative Districts: 22nd 3lld 26th Congressional; 

2lst Senatorial; 42nd Assembly 
Chartered city. Population 117,861, Directors meet 

every Tuesday in Council Chamber, Room 242, 
City Hall, 100 North Garfield Ave., 91109. 

Central Telephone: 213-5774000 
Mayor: Jo Heckman 

City Manager: Donald F. McIntyre 
Vice blayor, Loretta T. Glickman 
Councilman, William J. “Bill” Bogaard 
Councilman. no nnme submitted 
Councilman, no name submitted 
Councilman, John Crowley 
Councilman: Stephen Acker 
City Clerk, Harriett C. Jenkins 
Police Chief, Robert H. McGowan 
Fire Chief, James Shern 
School Superintenden?, Ramon C. Cortines 
City Attorney, Evelynn M. Finn 

. .  

CITY os PAS0 WbaBLES 
(EL PASQ DE ROBLES) 
(Counly of San Luis Qbispo) 

Incorporated March 11, 1889 
Legislative Districts: 16th Congressional; 

17th Senatorial; 29th Assembly 
General law city. Population 9,133. Council meets first, 
and third Tuesdays of month at 7:30 pm.  in Council 

Chambers, City Hall, 1030 Spring S t ~ ,  93446. 
Central Telephone: 805-238-1515 

Mayor: Barney Schwartz 
City Manager: Dona1d.B. Keefer 

Mayor pro Tem, Terry Minshull 
Councilman, Orville Monroe 
Councilman. Kennv Parish 
Councilman, Gary Stemper 
City Clerk, Donald B. Keefer 
Police Chief, Vernon L. Mathison 
Fire Chief, John A. Steaffens 
Treasurer, Sidney J. Godsey 
School superintendent, William J. James 
City Attorney, Michael T. LeSage 

CKPl OF F‘ARLBER 
(County of Fresno) 

Incorporated November 15, 1921 
Legislative Districts: 17th Congressional; 

15th Senatorial; 31st Assembly 
General law city. Population 2,080. Council meets 

first and third Tuesdays of month in 
City Hall, 580 Tulare St., 93648. 
Central Telephone: 209646-2767 

Mayor: Raul S. M a m n a  
iMayor pro Tem, Pedro C o r t a  
Councilman, Albert Rodriqiln 
Councilman, Arcadio Viveros 
Councilman. Armando Lopez 
City Clerk, Ofelia Garcia 
Polite Chief, Joe B. Anaya 

CiTY OF PATTERSON 
(County of Stanislaus) 

Incorporated December 24, 1919 
Legislative Districts: 14th Congressional; 

14th Senatorial; 27th Assembly 
General law city. Population 4,031. Council meets firsr 

and third Tuesdays of month at 7;30 p.m. in 
City Hall, 344 W. Las Palmas Ave., 95363. 

Central Telephone: 209-892-2041 

e 
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Mayor: .Pat D. hlaisetti 
.City Manager: Peter M. Milcovich 

hlayor pro Tem, Phil Breasher 
Councilman, Eusebio Cuellar 
Councilman, J. Wade Bingham 
Councilman, John Ramos 
Police Chief, Lewis P.uddick 
Fire Chief, Richard Gaiser 
School Superintendent, Robert Lorentz 
City Attorney, Harold Densmore 

0 

CITY OF BEWW!S 
(County of Rivarside) 
Incorpoiated May 26, 1911 

Legislative Districts: 37th and 43rd Congressional; 
34th Senatorial; 67th Assembly 

General law city. Population 6,675. Council meets 
second and last Mondays of monch at E30 p.m. in 
Council Chambers, City Hall, 101 N. D St., 923.70. 

Central Telephone: 714-657-5115 
Mayor: Floyd T..Johnson 

C i t y  Manager: Robert L. Briscoe 
Vice-Mayor, James H. Adams 
Councilwoman, Carmen Cox 
Councilwoman, Pauline L. Rusher 
Councilman, Joseph Beckley 
City Clerk, Beti An Hynes 
Police Chief, Aubrey Clayton 
Fire Chief, Maurice LeBlanc 
,City Attorney, Ralph DeMichael 

CllTY OF PEJAhUMA 
(County of Sonoma]' 

Incorporated April 12, 1858 ' 
Legislative Districts: 2nd and 5th Congressional: 

2nd Senatorial; 9th Assembly 
Chartered city. Popularion 32,923. Council.meets first 

and rhird Mondays of month in Council Chambers 
c i ty  Hall, 94952. 

Central Telephone: 707-763-2613 
Mayor: Fred V. Mattei 

City Manager: Robert H. Meyer 

0 

Vice-Mayor, Albert L. Battaglia 
Councilman, John W. Cavanagh, Jr. 
Councilman, G. Roland Bond 
Councilman, John Balshaw 
Councilman, James L. Harherson 
Councilman, WiIliam A. Perry, Jr, 
City Clerk, Patricia E. Bernard 
Police Chief, Robert B. Murphy 
Fire Chief, Robert Sharps 
School Superintendent, John Gyves 
Election 6/2/01 for 3 council seats and Mayor 

e 

61TV OF PlC8 W3VEWA 
(Counq of Los Wngeles) 
Incorporated January 29, 1958 

Legislative Districts: 30th Cong~essional; 
26rh Senatorial; 59th Assembly 

General law city. Population 53,303. Council meets first 
and third Mondays at 7:30 p.m. in City Hall 

6615 Passons Blvd.; 90660. 
Central Telephone: 2! 3-692-040 1 

Mayor: John G. Chavn 
City Manage? John W. Donlevy 

Mayor pro Tem, Garth G. Gardner 
Councilman. James M. Patronite 
Councilman, Frank Terrazas 
Councilman, William J. Loehr 
City Clerk, John W. .Donlevy 

GlTY OF PtE'DMOBlT 
(CounSy of Alarneda) 

Incorporated January 31, 1907 
Legislative Districts: 8th Congressional; 

9th Senatorial; 12th Assembly 
Chartered city. Population 10,505. Council meets 

first and third Mondays of month in 
City Hall, 120 Vista Ave., 94611. 
Central Telephone: 415-273-2000 

Mayor: Steve Eigenherg 
City Administrator: John D. Nolan 

Vice-Mayor, Connie Shapiro 
Councilwoman, Alice Creason 
Councilwoman, Helen Herbert 
Councilman, Ted Normart 
Police Chief, Craig Steckler 
Fire Chief, Leroy J. Phillips 
School Superintendent, Walter Hale 
City Attorney, George Peyton 
City Clerk, John D. Nolan 

CITY OF PlMOLE 
(County ai Contra Costa3 

Incorporated June 25, 1903 
Legis1ative.Disrricts: 7th Congressional; 

7th Senatorial; 11th Assembly 
General law city.. Population 14,288. Council meets first 

and third Mondays of month at 8:00 p.m. in Council 
Chambers. City Hall, 2131 Pear St., 94564. 

Central Telephone: 41 5-72+9000 
Mayor: Ann Hansen 

City Manager: Donald E. Bradley 
Mayor PFO Tan, Michael D. Baer 
Councilmember, Thomas P. Curino 
Councilmember, John F. Goularte, Sr. 
Councilmember, Anna E. McCarry 
City Clerk, Elizabeth Grimes 
Police Chief, Theodore A. Barnes 
Fire Chief, Alex A. Clark 
Treasurer, Margaret M. Berg 
City Attorney, David J. Levy 

CITY 0% P r s M s  BEACH 
(County of §an Luis Ohispo) 

Incorporated April 25, 19% 
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Legislative Districts: 19th Congressional: 
17th Senatorial; 29th Assembly 

General law cirv. PoDulation 5.200. Council meets 

m second and foukh Mondays of month in 
Citv Hall. 1000 Bello St,. 93449. 

w Ce&al Telephone: 805-7734657 
Mayor: Nebh Eldwayen 

City Administrator; Wayne H. Hoereth 
Mayor pro Tem, Bob Caner 
Councilwoman, Grace S. Dillon 
Councilman, Bill Richardson, Jr. 
Councilwoman, Marian Mellow 
City Clerk, Marion L. Housron 
Police Chief, Edward C. Williams 
Fire Chief, Jon Frudden 
School SuDerintendent, Robett G. Hoagland 
Treasurer,. Marion L. Houston . 

CITY OF P i n s B U w G  
(County of Contra Costa) 

Incorporated June 25, 1903 
Legislative Districts: 7th Congressional; 

7th Senatorial; 10th Assembly 
General law city. Popularion 32,623. Council meets first 

and third Mondavs of month at 800 u.m. at 
65 Civic Dr., 94565. 

Central Teleohone: 4154394850 
Mayor: Frank R. Qgesada 

City Manager: S. Anthony Donato 
Mayor-pro Tem, Joseph S. Siino 
Councilman, Rona1d.P. Rives 
Councilman, Joseph L. DeTorres 
Councilman, Ralph E. Downing 
City Clerk, Mary E r b a  
Police Chief, Leonard F. Castiglione 
Treasurer, John R. Garcia 

ClTY OF PLACENTL4 
(County of Orange) 

Incorporated December 2, 1926 
Legislative Districts: 39th Congressional; 
35th Senatorial; 69th and 70th Assembly 

Chartered city. Population 35,300. Council meets first 
and third Tuesdays of month in Council Chambers, 

,401 East Chapman Ave., 92670. 
Central Telephone: 714-993-8231 
Mayor: Norman Z. Eckenrode 

City Administrator: Edwin T. Powell 
Mayor pro Tem, Donald A. Holt 

*Councilmember, Richard Acton 
Councilmember, Peter Labordc 

*Councilmember, Betty Mead 
City Clerk, Doris B. Black 
Police Chief, Norman A. Traub 
Treasurer, Victor J. Michel 

'Recall action pending 

CITY QF PLAGERVKLE 
(County of El Dorado) 
Incorporared hlay 13, 1854 

Legislative Districts: 14th Congressional; ' 

13th Senatorial; 5th Assembly 
General law city. Population 7,225. Council meets 

second and fourth Tuesdays of month 
at 549 Main Street 

(Town Hall). City Hall Office, 487 Main St., 95667 
Central Telephone: 916622-3515 

?dayor; James J, McIntire 
City Administrator: Lee Yarborough 

. 

Councilman, Carl A. Borelli 
Councilman, Allen H. Tuttle 
Councilman, Thomas J. Sullivan 
Councilwoman, Karen K. Tustin 
City Clerk-Finance Director, Lennie L. Mills 
City Attorney, Daryl McKinstry 
Police Chief, Ted J. Menens 
Fire Chief, Albert G. Herzig 
Treasurer, J. Leo Barretc 

CiTY OF PLEASANT H!LL 
(County of Contra Costa) 
Incorporated November 14, 1961 

Legislative Districts: 7th CongressionaL- 
7th Senatorial; I Ith Assembly 

General law city. Population 25,342. Council meets first, 
third and fourth Mondays of each month at 7:30 p.m. in 
Council Chamber, City Hall, 3300 N. Main St., 94523: 

Central Telephone: 415-934-6050 
Mayor: John J. Mulhall 

City Manager: James L. Alkire 
Vice-Mayor, Oliver L. Holmes 
Councilman, James G. Clarke 
Councilman, Paul .L. Cooper 
Councilwoman, Dione Mustard 
City Clerk, Wetona L. Crawford 
Treasurer,,J. Joan Butterfield 
Police Chief, James R. Nunes 
Fire Chief, William blaxfield 
City Attorney, Dennis A. Lee 

ClTY OF PLEASAPJTBM 
(County of Alamada) , 

Incorporated June 18, 1894 , 
Legislative Districts: 9th Congressional; 

8th Senatorial; 15th Assembly 
General law city. Population 34,383. Council meets 

second and fourth Tuesdays at 800 pm., at Alameda 
County Fairgrounds Cafeteria, Pleasanton 

Central Telephone: 415-863202 
Mayor: Kenneth R. Mercer 

City Manager: James R. Walker 
Vice Mayor. Walter C. Wood 
Councilman, Robert E, Butler 
Councilman, Stanley L. Kephart 
Councilmember, Karin Mohr I 

City Clerk, James R. Walker 
Police Chief, Walter J. McCloud ' 
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Fire Chief, Joseph B. Hill 
Director of Public Works, Robert Warnick 
C i y  Treasurer, John Wipfli 
School Superintendent, William Berck 

. 

CITY OF .PLYPJ30UTH 
(Counxy of Amador) 

Incorporated February 8, 1917 

13th Senatorial; 7th Assembly 
General law city. Population 690. Council meets second 

Thursday of month at 7:30 p.m. in City Hall, 95669. 
Central Telephone: 209-245-6941 
, Mayor: Irene Cranford 

' Legislative Districts: 14th Congressional; 

Councilman, Ed Fulton 
Councilman, Jack Tallman 
Councilman, Wayne Holland 
Councilman, Patricia Shackleton 
City Clerk, Juanita Wilson 
Fire Chief, Wayne Holland 
Treasurer, Gloria Stoddard 
City Attorney. Kristine Cazadd 

CITY O f  PdJlMB ARENA 
(County of Mendocino) 
Incorporated July 11, 1908 

Legislative Districts: 2nd Congressional; 
2nd Senatorial; 2nd Assembly 

General law city. Population 526. Council meets second 
and fourth Tuesdays of ,month in City Hall, 

247 Main St., 95468. 
Central Telephone: 707-882-23 34- 

Mayor: F. S. Withrow 
Councilman, John C. Ayres 
Councilman, Billy M. E a s n v d  
Councilman, Joseph Scaramella 
Councilman, William R. Robinson 
City Clerk, Mary Spangler 
Fire Chief, Fred Morgan 
Treasurer, Floy Seymour 
City Attorney, Rohen C. Petersen 

CITY Or6 PQMORIA 
(County of Los Angsles) 
Incorporated January 6,  1888 

Legislative Districts: 33rd and 35th.CongFessional; 
25th. 32nd. and 33rd Senatorial; 
62nd, 64th. and 65rh Assembly 

Chartered city Populadorr 87,384. Council meets each 
Monday evening, 8 p.m., Council Chambers,' 

City Hall, 505 S. Garey, 91769. 
Central Telephone: 714-620-2341 

Mayor: Adrian T. Wright 
City Administrator Ora E. Lampman 

Vice Mayor, G .  Stanton Selby 
Councilman, E. J. Gadding 
Councilman, C. L. "Clay" Bryant 
City Clerk. L. B. Thomas 

Police Chief, Richard A. Slaght 
Fire Chief, John M. Fowlkes 
School Superintendent, Dr. Charles, Carpenter 
City Attorney, Patrick J. Sampson 

CETY QF $0RT&WVilR%E 
(County of Tulare) 

Incorporated May 7, 1902 
Legislative Districts: 17th Congressional; 

15th Senatorial; 32nd Assembly 
Chartered city. Population 19,450. Council meets first 
. and third Tuesdays of month in Council Chambers, 

City Ha11,.291 Norrh.Main Street, 93257. 
Central Telephone: 209-7841400 

Mayor: Mary Dougheny 
City Manager: C. G. Huffaker , 

Mayor pro Tern, Aline Moran 
Councilman, Clyde Ferrei1 

Councilman, Dennis Durbin 
Ciry Clerk, C. G. Huffaker 
Police Chief, John Smith 
Fire Chief, Ralph C. Beard 
School Superintendent, Jacob Rankin 

Councilman, Steven Tree . .  

ClTY OF @oRT HUEI?IEMLIE 
(County of Ventura) 

Incorporated March 24, 1948 
Legislative Districts: 20th Congressional; 

18th Senatorial; 36th Assembly 
General law city. Popularion 18,500. Council meets 
second and fourth Wednesdays of month in Council 

Chambers, 2jO N. Ventura Road, 93W.  
. - Central Telephone: 805488-3625 

Mayor: Dorill B. Wright 
City Manager: John R. Velthoen 

Mayox pro Tern, Benjamin L. Talbot 
Councilman, Harold E. Wade 
Councilman, Dean Green 
Councilman, Herbert C. Templeman 
City Clerk, Sue T. Harmon 
Police Chief, Robert Anderson 

C8TY OF PORTQLA 
(County of Plumas) 

Incorporated May 16, 1946 
Legislative Districts: '1st Congressional;' 

1st Senatorial; .lst Assembly 
General 1aw.city. Population 1,890. Council meetfi 

first and third.Mondays of month in 
City Hall, Gulling St., 96122. 

Central Telephone: 9168324216 . 
Mayor: Thomas Hervey 

Councilman, J. R. Riehm 
Councilman, Coleman Montgomery 
Councilman, William Frerking, Jr. 
Councilman, Glenn Howard 
City Clerk, Maraha L. Lake 

11-75500 
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Fire Chief, Curtis Xlarshall 
City Treasurer, H u r h  G. Arnold 
City Attorney, Robert Roney 

TOWN OF PORTQLA VALLEY 
(County of San Pfiatao) 
Incorporated July 14, 1964 

Legislative .Districts: 12th Congressional; 
10th Senatorial; 20th Assembly 

General law city. Popularion 4,996. Council'meets 
second Wednesday of month at Town Hall, 

Central Telephone: 415-851-1700 
Mayor: Nancy Robertson 

City Administrator: Linda Craig 

765 POrtOla Road, 94025. 

Vice-Mayor, Jon C. Silver 
Councilman, Kent Mitchell 
Councilwoman, Patti Williams 
Councilman, RnSert V. Brown 
Town Clerk Linda Craig 
Fire Chief, Stanley 3. Larsen 
School Superintendent, Del Alberti 
Town Attorney. James T. Morton 

CiTY OF POWAY 
(County of §an Diego) 

Incorporated December 1, 1980 
Legislative Districts: 43rd Congressional; 38th Senatorial; 

76th Assembly 
General law city. Population 37,000. Council meets every 

Tuesday at 7:OO p.m. ar City Hall, 13325 Remlnp Way, 
92064 

Central Te!ephone: 714-748-3935 
Mayor: Robert C. Emery . 

City Manager: James L. Bowersox 
Councilmember, Clyde E. Rexrcde 
Councilmember, Bruce J. Tarzy 
Councilmember, Linda L. Oravec 
Councilmember, Mary L. Shepardson 
City Clerk, Marjorie K. Wahlsten 
City Attorney. Jean Leonard Hams 
Fire Chief, William B. Bond 

C3TY O f  RANCHO CUCAShilBjuGA 
(County of San Bernardino) 
Incorporated November 30, 1977 

Legislative Districts: 35th Congressional; 
32nd Senatorial; 65th and 66th Assembly 

General law city, Population 54,708. Council meets first 
and third Wednesdays of month at EO0 p.m. a t  

Lion's Park Community Building, . , 
9161 Baseline Road, 91730. 

Central Telephone: 714-989-1851 
Mayor: Phillip D. Schlosser 

City Manager: Lauren M. Wasserman 
Councilman, James C. Frost 
Councilman. Jon Mikels 

Councilman, Michael Pslombo 
Councilman, Arthur H. Bridge 
Sheriffs Captain, Tom Wickum 
Fire Chief, Robert Lee 
City Attorney, Samuel Crowe 

ClTY OF WkfdCHO MIWAGE 
(County of Riverside) 

Incorporated August 3, 1973 
Legislative Districu: 37th Congressional; 

38th Senatorial; 75th Assembly 
.General law city. Population 8.225. Council meets first 

and third Thursdavs of each month at 630 a m .  in 
City Hall, 92270. 

Central Teleuhone: 714-324-4511 
h.layor: Michae1.S. Wolfson 

Mayor pro Tem, Harold T. Jones 
Councilman, C. Robert 'Hubbard 
Councilman, Harold T. Jones 
Councilman, William C. Hannon 
City Manager, Dwid F. Dixon 
City Clerk, Barbara E. Dohn 
City Treasurer, Henry Sherman 
Police'Chief, Ben Clark 
Fire Chief, Bruce Cowie 
City Attorney, Ge0rge.W. Wakefield 

CSTY OF RANCHO PAEOS VERDES 
(County of Los Angeies) 

Incorporated September 7, 1973 
Legislative Districts: 27th Congressional; 

27ch Senatorial; 5lst Assembly 
General law city. Population 30,940. Council meets first 

and third Tuesdays of .month in Council Chambers, 
30912 Hawthorne Boulevard. 

Mayor: Barbara Hein 
City Manager: Donald F. Guluzzy 

Mayor pro Tem, Jacki .Bacharach 
Councilwoman, Ann Shaw 
Councilman, Ken Dyda 
Councilman, Robert Ryan 

crav OF RED BLUFF 
(County of fehama) 

Incorporated March 31, 1876 
Legislative Districts: 1st Congressional; 

1st Senatorial; 1st Assembly 
General law city. Population 8,933. Council meets first 

Tuesday of month in Council Chambers, City Hall, 
555 Washington St., 96080. 

Mayor: Jay A. Barber, J .  
City Manager: Herbert E. Nelson 

. Central Telephone 916527=L605 

Councilman, Ryan Sale 
Councilman, Chet Christensen 
Councilman, James H. Moore 
Councilman, Forrest Flynn 
City Clerk, Catherine 1. Bunting 
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Police Chief, Marion L. Clay 
Fire Chief, Tom Gauthier 
Treasurer, Charles Hayden 
School Superintendent, Edward A. Murphy 
City Attorney, C. A. Stromsness 

City Hall. 415 .Diamond St., 90277. 
Central Telephone: 213-372-1171 

'Mayor: David K. Hayward 
City Manager: David P. Dolter 

Councilman, Jerry Goddard 
"Councilman, James Ebben 
Councilman, Morgan McSweeney 
Councilman, Archie Snow 
Councilman, Geor King 
City Clerk, Fred M. Arnold 
City Attorney, Gordon Phillips 
Police Chief, Frank V. Mrehan 
Fire Chief, James Black 
Treasurer, Alice E. DeLong 

c1n OF WEBB%NG 
(County of Shasta) 

Incorporated October 4, 1887 
Legislative Districts: 1st Congressional; 

1st Senatorial; 1st Assembly 
General law city. Population~43,350. Council meets first 

and third Mondays of month, 7:OO p.m., Police Dept. 
and Council Chambers Bldg., 1313 California St., 96001. 

Business Office: City Hall, 760 Parkview. 96001. 

Mayor: Archer F. Pugh 

0 

*Run off Election ,May 12, 1981 _ '  

Central Telephone: 916-246-1151 CITY 08: WED~VOC3H3 684-Y 
City Manager: William M. Brickwoad (County of San Mateo) 

Councilman, Lee D. Fulton, M.D. 
Councilman, Howard D. Kirkpanick 
Councilman, Donald M. Demsher 
Councilwoman, Barbara Allen Gard 
City Clerk, Mildred L. Brayton 
Police Chief, Robert H. Whitmer 
Fire Chief, Kenneth A. Erichsrud , . 
Treasurer, Pauline J. Brown 

Incorporated March 27, 1868 
Legislative Districts: 1 Ith and 12th Congressional; 

Chartered city. Population 55,7jO. Council meets on the 
first four Mondays of each month at 730 p,m. in the 
Board of Supervisors Chambers, 401 Marshall Street,. 

City Hall, 1017 Middlefield Road, 94063. 
Central Telephone: 415-369-6251 

Mayor: >Mario Biagi 
City Manager: James M. Fals ,  Jr. 

" 10th Senatorial; 20th Assembly 

. .  

CITY OF REDLANDS . -  ~~ 

Vice-Mayor, William J. Stangel 
Councilman, Brenton C. Britschgi 
Councilman, Robert H. Bury 
Councilman, Marguerite Leipzig 
Councilman, Bill Rhodes 
Councilman, Gerald R. Chandler 
City Clerk, Jacqueline C. Hildebrand 
Police.Chief, George .Bold 
Fire Chief, Peter O'Brien 

City Attorney, David E. Schricker 
Finance Director, Jack Ference 

(County of San Sernardino) , 
Incorporated December 7, 1888 

Legislative Districts: 37th Congressional; 
34th Senatorial; 67th Assembly 

General law city. Population 43,484. Council meets first 
and third Tuesdays of monrb in Council Chambers, 
Safety Hall, 212 Brookside Ave., Mailing Address 

P.O. Box 280, 92373. 

Mayor: Charles G. DeMirjyn 
City Manager: Chris C. Christiansen 

0 "  

Central Telephone: 714-793-2631 Schrv 3uperintendent. Dr. Ralph Wilson 

Vice-Mayor, James W. Gorman 

Councilman, Ken Roth 

City Clerk, Peggy A. Moseley . . Incorporated February 18, 1913 
Police Chief, Robert Brickley Legislative Dismcis: 17th Congressional;. . . 
Fire Chief, Raymond B. Mills 15th Senatorial; 3 1st Assembly 
Treasurer, J. Michael Reynolds General law city, Population 9,045. Council meets.fint 

and third Tuesdays of month in City Hall, School Superintendenq Dr. Warren F. Bryld 
845 G St., 93654. City Attorney, Edward F. Taylor 

Central Telephone: 209-638-6881 

Councilman, Oddie J. Manina,  Jr: csn OF REEDLEY. 
*Councilman, Barbara Cram Riordan (Coun?.y of Fresno) 

'Prefers title "Councilman" 
Mayor: Lawrence R. Wilder 

City Manager: G. Lawrence Rihl- ClTY OF REDOMDQ BEACH 
Councilman, Charles Y. Tagucbi 
Councilman, Ronald H. Nishinaka 
Councilman. Harvey D. Punelton 
Councilman, Emery .L. Huebert 
City Clerk, Raymond L. Medcdf 
Police Chief, Forresr Brown 
Fire Chief, E. L. Remy 
Treasurer, George Everett 

. {County of Los Angeles) 
Incorporated April 29, 1892 

Legislative Districts: 27th Congressional; 
27th Senatorial; 51st Assembly 

each Monday, 730 pm., in Council Chambers, 
Charrered city. Population 59,000. City Council meets . .  
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CITY OF RldLTB 
(County of §an Oerrtardino) 
Incorporated November 17, 191 1 

Legislative Districts: 36th Congressional; 
32nd Senatorial; 66th Assembly 

General law city. Popularion 37,M8. Council meets first 
and third Tuesdays of month at 7:OO p.m. in Council 

Chambers, City Hall, 150 S .  Palm Ave., 92376. 
Mayor: Gerald R. Eaves 

City Administrator: Walter Pudinski 
Mayor pro Tem, Marvin T. Sawyer 
Councilman, Richard H. Holland 
Councilman, John Longville 
Councilman, Sam V. Curtis . 
City Clerk, Joseph H. Sampson 
Police Chief, Raymond E. Farmer 
Fire Chief, Roger L. Purdie 
Treasurer, Berty M. Taggart 

, 

@!?'PI ok RICHMOND 
(County of Contra Costa) 

Incorporated August 7, 1905 
Legislative Districts: 7th Congressional; 

7th Senatorial; 1lth.Assembly 
Chartered city. Population 79,043. Council, meets every 

Monday, 8 pm., in Council Chambers, City Hall, 
Civic Center Plaza 94804. 

Mayor: Thomas J. Cnrcoran 
City Manager: Joseph Salvato 

Councilman, Lonnie C. Washington, Jr, 
Councilman, Nathaniel Bates 
Councilman, Albert E. Silva 
Councilman, George Livingston 
Councilman. Don Greco 
Councilman, Don Wageman 
Councilman, Vacant 
City Clerk, Harlan 1. Heydon 
Police Chief, Leo Garfield 
Fire Chief, Charles Scbwab 
School Superintendent, Richard Lovette 

CITY OF RIDGECREST 
(Courity of Kern) 

Incorporated November 29, 1963 
Legislative Districts: 18th Congressional; 

16th Senatorial; 34th Assembly 
General law city. Population 15,700. Council meets first 

and third Wednesdays of each month in City Hall, 
139 Balsam Street, 93555. 

Central Telephone: 714-375-1321 
Mayor: Harold J. Hockett 

City Administrator: William L. Eichenberg 
Councilman, Jeffery D. Grossman 
Councilwoman, Anna-Marie Bergens 
Councilwoman, Brenda B. Burnett 
Councilman, Ron Cheshire 
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City Clerk, Jacqueline C. Reed 
Police Chief, Robert G. Norman 
City Attorney, Daniel I. Tobias 

CITY OF RPO DELL 
(County of Mumholdt) 

Incorporated February 23, 1965 
Legislative Districts: 2nd Congressional; 

2nd Senatorial; 2nd Assembly 
General law city. Population 2,890. Council meets first 

and third Tuesdays each month at Rio Dell 
Council Chambers, City Hall, 95562. 

Central Telephone: 707-764-3532 
Mayor: Eddie Hogg 

Councilmember, Catherine Crase 
Councilmember, Gino Bianchi 
Councilmember, Raymond Miller 
Councilmember, Craige McKnight 
City Clerk, Shirley Hizer 
Police Chief, Bobby Chapman 
Fire Chief, David Ghilarducci 
School Superintendent, Harman Bonniksen 

CITY OF RiO VISTA 
(County of Solano) 

Incorporated January 6.  1894 
Legislative Districts: 4th Congressional; 

4th Senarorial; 4th Assembly 
General law ciry. Population 3,270. Council meets 
first and third Thursdays of month at 8 p.m. in 

Council Chambers, No. 1 Main St., 94571. 
Mayor: Milton Wallace 

City Administrator: Robert R Brown 
Councilman, Elger Vengley 
Councilman, Jerry Rubier 
Councilman, Howard R. Gambill 
Councilman, Andrew M. Stephens 
City Clerk, Geraldine McCormick 
Police Chief, Richard Cook 
Fire Chief, Stan Simi 
Treasurer, C d  Kelly 

CiTY OF RiPON 
(County of San Joaqufn) 

Incorporated November 27, 1945 
Legislative Districts: 14th Congressional; 

13th Senatorial; 26th Assembly 
General law city, Population 2,930. Council meets first 

and third Tuesdavs. 230 D.m. in Citv Hall. 
311 w: ist ~t.,'95366. ' 

Central Telenhone: 209-599-2108 
Mayor: Edmund F. Feichtmeir 

City Administrator: Clarence Smit 
Vice-Mayor, John De Jong 
Councilman, Davld Reece 
Councilman, hlarvin Parer 
City Clerk, Clarence Smit 
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Pblice Chief, Harvey A. Douma 
Fire Chief, Morris De Jong 
School Superintendent, Joseph C. OLeary 
City Attorney. Rolla L. Garretson 

CITY OF R!VER.BWiYM 
(County of Stanislaus) 

Incorporated August 23, 1922 
Legislative Districts: 14th Congressional; 

13th Senatorial; 26th Assembly 
General law city. Population 5,025. Council meets 

second and fourth Mondays of each month in 
Council Chambers, City Hall, 6707 Third St., 95367. 

Central Telephone 209-869-3671 
Mayor: Billie B. Mitchell 

City Administrator: Gerald E. Robirds 

0 .  

. 

Councilman, Jack Alpers 
Councilman, Phil Overholtzer 
Councilman, Charles Neal 
Councilman, Allen Trawick ' . 
City Clerk, Gerald E. Robirds 
Police Chief, Bernard J. Remas, Jr. 
Fire Chi& Robert P. Tucker 
Treasurer, Margery Cruz 
School Superintendent, John Muzio 

CBTY OF RIVERSIDE 
(County of Riverside) ' 

Incorporated October 11, 1883 
Legislative Districts: 36th Congressional; 

34th Senatorial; 68th Assembly 
Chartered city. Population 169,677. Council meets f i t  
four Tuesdays of each month (except July and August, 

when it  meets the first and third Tuesdays) in 
City Hall, 3900 Main Street, 92522. 

Central Telephone 71'&787-7312 
* Mayor: Ah Brown 

City Manager: Douglas G. Weiford 

0 

Councilman, Ronald Loveridge 

Councilwoman, Jean Mansfield 
Councilman, R O ~ R  E. Bowers 
Councilman, Robert A. Buster 

* Councilman, Sam A. Digati 
Councilwoman, Terry Frizzel 
City Clerk, Alice A. Hare 
Police Chief, Vic Jones 
Fire Chief, Richard Bosted 
Ciry Attorney, John Woodhead 

*Councilman, Ed Sbepard 

- *Election 11/3/81 

CiTY O f  WOCKhlN 
(County of Placer) 

Incorporated February 2$, 1893 
Legislative Districts: 1st Congressional; 

1st Senatorial; 3rd Assembly 
General law city. Populntion 7.298. Council meets first 
and third Mondays of month i n  Community Center, 

0 

!A ROSTER 165 

E30 pm.,  3980 Rocklin Road, 95677. 
Central Telephone: 916-624-3351 

Mayor: Clarke Dominguez 
Ciry Administrator: William E. bfitchell 

Vice-Mayor, Peter Hill 
Councilman, George Wofford 
Councilman, Roger Barkhurst 
Councilman, Will Linton 
City Clerk, Marie A. Huson 
Police Chief, James Simmons 
Fire Chief, Rand). Lavelock 
Treasurer, Leroy C. Cook 
City Attorney, William Holliman, Jr. 

CITY OF RBHR3EW-r PARK 
(County of Sonoma) 

Incorporated August 27, 1962 
Legislative Districw 2nd Congressional; 

2nd Senatorial; 9th Assembly 
General law city. Population 22,500. Council meets' 

second and fourth Mondays in City Hall, 
6750 Commerce Blvd., 94928. 

Central Telephone: 707-795-241 1 
Mayor: Tony Carbone 

City Manager. Peter M. Callinan 
Mayor pro Tem, Bill Cavalli 
Councilwoman, Mary L. Stewart 
Councilman, Warren K. Hopkins ' '. 

Councilman, Arthur N. Roberts 
City Clerk, Peter M. Callinan 
Director of Public Safety, Robert E. Dennctt 
City Treasurer-Finance Direcror, no name submitted 
City Attorney, John D. Flimer 

C1TV OF ROFL19klG H K L S  
(County of h m  Angalesf 
Incorporated January 24, 1957 

Legislative Districts: 27th Congressional; 
27th Senatorial; 51st Assembly 

General law city. Population 2,058. Council meets 
second and fourth Mondays at 7:30 p.m. in City Hall, 

2 Portuguese Bend Rd., 90274. 
Central Telephone: 213-377-1521 

Mayor: Donald Crocker 
City Manager: Teena Clifton 

Mayor pro Tem, Mason H. Rose, V 
Councilman, Thomas F. Heinsheimer 
Councilman, Godfrey Pernell 
Councilman, Gordana Swanson 
City Clerk, Teena Clifton 
City Attorney, William Kinley 

6i"i.f OF WBLhiNG HILLS ESTATES 
ICounty of hos Angelas) 

Incorporated September 18, 1957 
Legislative Districts: 27th Congressional; 

27th Senatorial; 51st Assembly 
General law city. Population 8,437. Council meets 
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second and fourth Tuesdays of each month in City Hall, 
4045 Palos Verdes Dr., 90274. 

Mayor: Neil Mirels 
City Manager: Harry R. Peacock 

Mayor pro Tem, Jerome Belsky 
Councilman, Peter Weber 
Councilman, Hugh Muller 
Councilman, Warren Schwdrzmann 
City Clerk, Harry R. Peacock 
City Attorney, Richard R. Terzian 

ClTY Ras!%$EdaD 
(County of Los Angeles) 
Incorporated August 4, 1959 

Legislative Districts: 30th Congressional; 
26th Senatorial; 59th and 60th Assembly 

General law city. Population 40,972. Council meets 
second and fcurth Tuesdays of month at 8:OO p.m. in 
Council Chambers, City Hall, 8838 E. Valley Blvd.. 

91770. 
Central Telephone: 213-288-6671 

Mayor: Louis Tury, Jr. 
City Manager: Frank Tripepi 

Mayor pro Tem. Marvin J. Cichy 
Councilman, Herb Hunter 
Councilman, Jay T. Imperial 
Councilman, Gary A. Taylor 
City Clerk, Ellen Poochigian 
School Superintendents, Horace Stringham and Daniel ,9 
Ellis 

ClTY OF ROSEWLLE 
(County of Piacer) 

Incorporated April 10, 1909 
Legislative Districts: 1st Congressional: 

1st Senatorial; 3rd Assembly 
Chartered city. Population 24,257. Council meets first 

Wednesday each month in City Hall, 
316 Vernon St., 95678. 

Central Telephone: 916-783-9151 
Mayor: Harry Crabb, J .  

City Manager: Robert G. Hutchison 
Mayor pro Tem, George A. Buljan 
Councilmember, Richard Roccucci 
Councilmember, Byron Claiborne 
Councilmember, June Wanish 
City Clerk, Pauline S .  Brockman 
Fire Chief, Carl Green 
Police Chief, James A. Hall 
City Attorney, Dennis DeCuir 

TOWN OF ROSk 
(CounhJ of Marin) 

Incorporated August 21, 1908 
Legislative Districts: 5th Congressional: 

2nd Senatorial; 9th Assembly 

General law city. Population 2,658. Council meets 
second Thursday of month at 8 p.m. 

in Town Hall, 94957. 
Central Telephone: 415-453-1453 

Mayor: John E. Chase 
Mayor pm Tem. Peter Brekhus 
Councilman, Garrett P. Scales 
Councilman, Roger S .  Poore 
Councilman, Leonard B. Stafford 
Town Clerk, Virginia Stott 
Police Chief, Roger Sciutto 
Fire Chief, Thomas Casson 
Treasurer, Marian E. Surher 
School Superintendent, Margaret A. Elliott 
Town Attorney, Robert W. Elliott 

CBTY OF SACRAMENT%) 
(County oP Sacramento) 

Incorporated February 27, 1850 
Legislative Districts: 1st and 4th Congressional; 3rd, 4th 

and 13th Senatorial; 4th, Sth, 6th and 7th Assembly 
Chartered city. Population 263,800. Council meets each 
Tuesday of month at 7:30 p.m. in Council Chambers, 

City Hall, 915 Eye St., 95814. 
Central Telephone: 91649-5011 

Mayor: Phillip L. Isenberg 
City Manager: Walter Slipe 

. 

Vice-Mayor, Daniel .E. Thompson 
Councilman, John Roberts 
Councilman, Douglas N. Pope - 
Councilman, Blaine Fisher 
Councilwoman, Anne Rudin 
Councilman. Thomas R. Hoeber 
Councilman, Lloyd G. Connelly 
Councilwoman, Lynn Robie 
City Clerk, Lorraine Magana 
Police Chief, John P. Kearns 
Fire Chief, William Powell 
School Superintendent, E. Tom Giugni 

t e l m  OF SALlEBlAEi 
(County of Monteray) 

.Incorporated March 4, 1874 
Legislative Dismcts: 16th Congressional; 

17th Senatorial: 28th Assembly 
Charrered city. Population 81,300. Council meets each 

Monday uf month in Council Chambers, 
200 Lincoln Ave., 93901. 

Central Telephone 408-758-7201 
Mayor: James R. Woods 

City Mannger: Roberr M. Christofferson 
' 

Councilman, Jim Barnes 
Councilman, Paul D. Grennan 
Councilman, R. C. Wberritt 
Councilman, James M. Collins 
City Clerk, Evelyn Reynolds 
Police Chief, Fred Ferguson 
Fire Chief, Paul A. Mehringer 
City Attorney, David Kennedy 
Council election ( 2  seats) 6/81 . 
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TOWN OF SAN AIVSELBL?B 
(County of Marin) 

Incorporated April 9. 1907 
Legislative Districts: 5th Congressional; 

2nd Senatorial; 9th Assembly 
General law city. Population 13,150. Council meets 

second and fourth Tuesdays of month in Town Hall, 
91960. 

Central Telephone: 415453-039? 
Mayor: Mike Convis 

Town Administrator: Alan Bruce 
Councilmember, Woodrow Y. Capurro 
Councilmember, Pieter Toal 
Councilmember, Anne Wooliever 
Councilmember, George Buckle 
Town Clerk,.Caroline Foster . 
Town Treasurer, M. G. Sheldon 
Fire Chief, Robert Beedle 
Police Chief, Bernard Del Santo 
School Superintendent, Frank Elliott 
Town Attorney. Hadden Rotb 

CiT't' Of SAM 5ERMARD.iQulQ '; 
(County oi San Bernardino) 

Incorporated August 10, 1869 4 

Legislative Districts: 36th and 37th Congressional; 
32nd and 34th Senatorial; 66th and 67th Assembly 

Chartered city. Population 108,100. Council meets first 
and third Mondays a t  2:OO p.m. in rhe Council 

Chambers, 300 N. D St., 92418 
Central Telephone: 714-383-2002 
Mayor: W. R. "Bob" Holcomb 

City Administrator: Marshall Julian. 
Councilman, Robert Casteneda 

* Councilman, Edward S. .Wheeler 
Councilman, William Katona 
Councilman, Richard Genvig 
Councilman, Lionel E. Hudson 
Councilman. John Hohbs 
Councilman, Jack Smckler 
City Clerk, Shauna Clark 
Attorney, Ralph H. Prince 
Police Chief, B. Warren Cacke 
Fire Chief, Gerald Newcombe 

* Treasurer, Lloyd E. Burcham 
School Superintendent, Charles Terrell 

* Election 5/81 

61TY QF SAN'BWUNO' 
(County of San Maleo) 

Incorporated December 23, 1914 
Legislarive Districrs: 11th Congressional; 

6th Senatorial; 19th Assembly 
Generd law city. Population 34,940. Council meets 
second and fourth M~ndays of month, 7:30 p.m., in 

City Hall, 567 El Camino Real, 94066. 
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Central Telephone: 415-877-8897 
Mayor: Robert A. Marshall 

City Manager: Gerald D. Minford 
Vice-Mayor. Edward Simon 
Councilman, Chris Pallas 
Councilman, Doug Dawkins 
Councilman, Tom Ricci 
City Clerk, Terri Rasmussen 
Police Chief; Frank Hedley 
Fire Chief, Harper A. Petersen 
Treasurer, Karen Hornung 
School Superintendent, John W. Mehl 
City Attorney, Theodore R. Bresler 

ClTY OF SAM 5 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ A  
(Counw of Venturs) 

Incorporated April 2, 1866 
Legislative Districts: 19th Congressional 

18th Senatorial; 36th Assembly 
Chartered city, Population 70,000. Council meecs each 
Monday of month at E30 p.m. in Council Ch'ambers, 

c i ty  Hall, 501 Poli Street, Venmra, 93002. 
Central Telephone: 805-648-7881 
Mayor: Harriet Kosmo%lenson 

City Manager~Edward E. McCombs 
Deputy Mayor, Jim Monahan 
Councilwoman, Patricia Ellison 
Councilman, Ron Harrington 
Councilman, Dennis Orrock 
Councilman, John Chaudier 
Councilman. John McWherter. 
City Clerk, Barbara J. Kam 
Police Chief, Ray McLean 
Fire Chief Bob Horne 
School Superintendent, Pamck 0. Rooney 
City Attorney,. Donald Greenherg 

CITY OF SAFd CAWEQS 
(Counw of San Matao) 

Incorporated July 8, 19Z5 
Legislative Districts: 1 Ith Congressional; 

10th Senatorial; 20th Assembly. 
General law city. Population 26,050. Council meeu 
second and fourth Mondays of month in Council 

Chambers. 666 Elm St, 94070 
Central Telephone: 415-593-8011 

Mayor: Patricia E. Bennie 
City Administrator: Chas. R. Allen 

Vice-Mayor, Gayton De Rosa 
Councilman, William M. Steele 
Councilman, John G. Buchanan 
Councilman, Victor E. Stotz 
City. Clerk, Margaret R. Hanley 
Police Chief, Owen McGuigan 
Fire Chief, Gary Schmitz' 
Treasurer, Richard J. Lautze . 
School Superintendent, Nelson Burdett 
City Attorney, Anthony Lagorio 

0 
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C r W  OF SAM C:hE.T\C1IZNTE 

(County of Orange) 
Incorporated Febtu?ry 28. 1938 

Legislative Districts 40th Congressional; 
36th Senatorial; 74th Assembly 

General law city. Populotion 27.269. Council meets 
first and third Wednesdays of month a t  7 0 0  p.m. in 

Council Chambers, Civic Center Bldg., 
100 Avenida Presidio, 92672. 

Central Telephone: 714-492-5101 
Mayor: Karoline Koester 

City Manager: George A. Caravalho 
Councilman, Alan Korsen 
Councilwoman, P. Patrick Lane 
Councilman, Robert 2. Limbirg 
Councilman, William C. Mecham 
City Clerk, M a x  L. Berg 
Police Chief, Gary Brown 
Fire Chief, Ronny J. Coleman 
Treasurer, Leonwd G. hiIarks 
City Attorney, Roger Grable 

GiT'y OF SAND C l W  
(County of Monteray) 
Incorporated May 31, 1960 

Legislative Dismcts: 16th Congressional; 
17th Senatorial; 28th Assembly 

General law city. Population 520. Council meets tpird 
Tuesday each month, 7:30 pm., City Hall, 

No. 1 Sylvan Park, 93955. 
Central Telephone: 408-391-3054 

Mayor: David K. Pendergrass 
Vice-Mayor, Michael Morris 
Councilmember, Mark R. Meadows 
Councilmember, Carl Xitter 
Councilmember, Ronda Lewis 
City Clerk, Gloria Fenton 
Police Chief, John F. Staples 
City Attorney, John B. Stohlton 

(County of San Diago) 
Incorporated March 27, 1850 

Legislative Districts: 40th through 43rd Congressional; 
36th and 38th through 40th Senatorial; 

74th through 80th Assembly 
Chartered city, Population 870,006. Council meets 
Mondays at 2:Oo p.m., Tuesdays at 8130 a.m. and 
2:OO p.m. in Council Chamber, 12th Floor, City 

Administration Bldg., Community Concourse, 92101. 
Central Telephone: 714-236-5555 

Mayor: Pete Wilson 
City Manager: Ray T. Blair, Jr. 

Councilmember, Bill Cleator 
Councilmember, Leon L. Williams 
Councilmember, Bill Mitchell 
Councilmember, Susan Golding 
Councilmember, Mike Gotch 

Councilmember, Fred Schnaubelt 
Councilmember, Lucy Killea 
Councilmember, Dick Murphy 
Ciw Clerk. Charles G. Abdrlnour 
City Attorney. John W. Win 
Police Chief. William B. Kolender 
Fire Chief, Earle G. Roberts 
School Superintendenr, Thomas L. Goodman 

CITY OF §AN 138MtilWS 
(County of LOS Angales) 
Incorporated A u y r t  4, 1960 

Legislative Districts: 35th Congressional; 
25th Senatorial; 62nd Assembly 

General law city. Population 24,150. Council meets 
second and fourth Tuesdays, 7:30 p.m., City Hall, 

245 E. Bonita Ave., 91773 
Central Telephone: 714-599-6713 

bfayor: Edmund.M. Aleks I 

City Manager: Robert L. Poff 
Vice-Mayor, Terry Dipple 
'Councilman, Marvin Ersher 
Councilman, Donald G. Haefer 
Councilman. Curtis W. Morris 
City Clerk. Ruth V. Foster 
School Superintendent, Dr. James T. Johnson, Jr. 
City Attorney, J. Kenneth Brown 

CtTY CaF SAN FEWMANDO . ,  

(County of Los Angeles) 
Incorporated August 31, 1911 

Legislarive .Districts: 2 1st Congressional; 
20th Senatorial; 39th Assembly 

General law city. Population 16,571. Council meets firsr 

City Hall, 117 MacNeil Street, 91340. 
Central Telephone: 213-365-2541 . 

Mayor: Roy M. Richardson 
Administrative Officer: Michael Y. Sagor 

and third Mondays at 7:30 pm.  in Council Chambbn, - 

Councilman, Michael Majers 
Councilman, Perry R. Harris 
Councilman Dan F. Mackin 
Councilman Pat J. Modugno 
City Clerk, Therese M. Manin 
Police Chief, Charles Sherwood 
Treasurer, Elvira Orozco 
City Attorney, Petrick.C. Coughlan 

ClTY OF $AN FWAMClSCO 
(See County of San Francisco) 

GlTY OF SANGEF? 
(County of Fresno) 

Incorporated May 25, 1911 
Legislative Districts: 17th Congressional; 

15th Senatorial; 3 1st Assembly 
General law city. Population 12,432. Council meets first 
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and third Tuesdays'of month in City Hall, 

1700 7th St., 93657. 
Central Telephone: 209-875453 5 

Mayor: Tanis Yhnrra, Jr. 
City .Mana&er: Dennis W. Fisher 

CBTY QF SAM JOAQU3JN 
(County of Fmsno) 

Incorporated February 14, 1920 
Legislative Districts: 15th Congressional; 

14th Senatorial; 30th Assembly 
General law city. Popularion 1,700. Council meets second 

and fourth Mondays each month at 200 p.m. 
. in City Hall, 21925 h'evada, 93660. 

Central TelephoF,e: 209-693431 I 
Mayor: Amhur Pifferini 

City Administrator: Hugh Ackerman 

Mayor pro Tem, Jess Marquez 
Councilman, Rene Gonzalez 
Councilman, Thomas E. Olson 
Councilwoman, bfaria S. Daviln 
City Clerk, Harriett Stephens 
Police Chief, Robert Galloway (Acting) 
Fire Chief, Dean Mohley 
School Superintendent, Dr. J. Donald Dorough 
City Attorney, Richard H. Hargrove Mayor por Tem, James E. Fish 

Councilman, Richard Maron 
Councilman, George Nahhas 
Councilman, Ray White 
City Clerk, D. June Kelley 
Treasurer, Annabella F. Fish 
School Superintenden\ James Waide 
City Attorney, Jerry E. Henry 

ClTY OF SAN GABRIEL 
(County of Los Angeles) 
Incorporated April 24, 1913 

Legislative Districrs: 26th Congressional; 
25th Senatorial; 6 1 s  Assemblv 

General law city. Population jo,ooo. couniil meets first 
and third Tuesdays of each month a t  7:30 p.m. in 

Council Chambers. City Hall, 
532 West Mission Drive, 91778. 
Central Telephone: 213-2824104 

Mayor: Sahino M. Cici 
City Administrator:. Robert D. Clute. 

Vice-Mayor, Michael L. Falahrino 
Councilman, Edward T. Lara 
Councilwoman, Helen Achilles 
Councilwoman, Jeanne Pamsh 
City Clerk, S. S. Spencer 
Police,Chief, Don S. Tutich 
Fire Chief, Charles F. Brown 
Treasurer, C C. Pearson 
School Superintendent, Thomas W. Sullivan 
City Anorney, Graham A. Ritchie 

CITY OF SAM JACll'dTbO 
(County of Riwsrsida) .. 

Incorporated April 20, 1888 
Legislative Districts: 37th Congressional; 

34th Senatorial; 67th Assembly 
General law city. Population 7,175. Council meets first 

and third Tuesdays after fim Monday of month at 
209 E. Main St., 92383. 

Central Telephone: ,714-654-7337 
Mzyor Bertha J. Hazeltine 

City 'Manager: Ross S. Nammar 
Mayor pro Tem, Ray Visser 
Councilman, R. J. Stevens 
Councilman, Clifford E. R a e ,  Sr. 
Councilman, Marc Divine. ' 

City Clerk, Margaret-McLean 
Fire Chief, Reed Pennell 
Police Chief, Thomas Hicks 
Treasurer, Willene Yeager 
School Superintendent, Don Wickert 
City Attorney, Dowld Wickham 

GlTY OF SAN JOSE 
(County of Santa Clara) 
Incorporated March 27, 1850 

Legislative Dism'cts: 10th. 12th and 13th Congressional; 
11th and 12th.Senatorial; 

22nd, Z3rd, 24th a.nd 25th. Assembly 
Chartered city. Population 587.689. Council meets every 

Tuesday in Council Chamber, City Hall, 
First and Mission Streets, 95110. 
Central TeIcphone:408-277~00 

Mayor: Janet Gray Hayes 
City Manager: Francis Fox 

Councilman, Lu Ryden, District 1 
Councilman, Jerry Estrnth, District 2 
Councilman, Thomas bfcEnery, District 3 
Councilwoman, Shirley Lewis, Disrrict 4 
Councilman, Blanca Alvarado, District 5 
Councilwoman, Nancy Ianni, District 6 
Councilman, Iola Williams. District 7 
Councilwomm, Patricia Sausedo, District 8 ' . 

Councilman, Claude Fletcher, District 10 
City Clerk, Helen E. Jackson 
Police Chid, Joseph McNamara 
Fire Chief, Vince Clet 
City Attorney, Robert Logan 

Councilman, James Beall, Jr., District 9 . .  

CITY OF §AN JUAN BAUTISTA . 

(County of San Benitof 
. incorporated May 4, 1896 

Legislative.Dismns: 16th Congressional; 
11th Senatorial; '24th Assembly 

General law city. Population 1,270. Council meets first 
Tuesday of each month ar 200 p.m. in 

City Hall, '311 Second St., 95045, 
Central Telephone: 408-623-4661 

Mayor: Ray 0. Gervais 
City Manager: Kenneth Starbird 
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Vice-Mayor, Richard Pitsch'da 
Councilman. Harvey S .  Nyland 
Councilman, Raymond C. Wilson 
Councilwoman, Ann Baccala 
City Clerk, Adela Gonzalez 
Police Chief, Jon Michael Pellin 
Fire Chief, George Dias, Jr, 
Treasurer, Minnie Riphenburg 
School Superintendenr, Dr. David X. Evans 
City Attorney, Robert Pinto 

@!TY OF SAM JUAN CAPET'RANO 
(County of Orange) 

Incorporated April 19, 1961 
Legishive Districts: 40th Congressional; I 

36th Senatorial;.74th Assembly 
General law city. Population 19,169, Council meets first 

and third Tuesdays at 700  p.m. in City Hall, 
32400 Paseo Adelanto, 92675. 

Central Telephone: 714493-1171 
Mayor: Gary L. Hausdorfer 

City Manager: Vacant 
Mayor pro Tem, Phillip R.. Schwame 
Councilman, Lawrence F. Bucbheim 
Councilman, Anthony L. Bland 
Councilman, Kenneth E. .Friess 
City Clerk, Mary Ann Hanover 
School Superintendent, Jerome R. Thornsley 
City Attorney, James S .  Okazaki 

. 

GlTY OF SAN LEANDRB' 
(County of Wlameda) 

Incorporated March 21, 1872 
Legislative Districts 9th Congressional; 

8th Senatorial; 14th Assembly 
Chartered city. Population 63,410. Council meets every 

Monday of month in Council Chambers, 
City Hall, S35 E. 14th St., 94577. 

City Manager: LeRoy E. Riordan 
- Mayor: Valance Gill 

Vice-Mayor, Richard D. Soares 
Council Member District 1, Faith Frazier 
Council Member District 2, Donald W. McGue 
Council Member District 3, Jnhan Klehs 
Council Member District 5, Gunther Seymon 
Council Member Districr 6, L. N. Landis 

. City Clerk, Richard H. West, CMC 
Police Chief, Donald F. Becker 
Fire Chief, Harold H. Hamilton 
School Superintendent, Dr. L. E. Holden 

CITY OF SAN LUIS OB31SPO 
(County of San Luis Ohispo) 

Incorporated February 19, 1856 
Legislative Districts: 16th Congressional; 

17th Senatorial; 29th Assembly 
Chartered city. Population 34,550. Council meets first and 

third Tuesdays at 400 p.m. and 5:30 p.m. in Council 

Chambers, City Hall, 990 Palm Sr., 93401. 
Central Telephone: 805-541-1000 

Mayor: Lynn Cooper 
Administrative Officer; Leland M. Walcon 

Councilwoman, Melanie Eillig 
Councilman, Ron Dunin 
Councilmm, Jerry Munger 
Councilman, Alan Eond ' 

City Clerk, Vacant 
Police Chief, Roger L. Nenman 
Fire Chief, Richard L. Minor 
School Superintendenr, William Newman 
City Attorney, George C. Thacher 

, 

CiTY QF SAN MARCCIS ' 
(County of San Diego) 

Incorporared January X.1963 

38th Senatorial; 76th Assembly 
General law city, Population 17,480. Council meets 

second and fourth Tuesdays at 630 p.m. in 
City Hall, 105 W. Richmar Ave., 92069. 

Mayor: Robert L. Harman 
City Manager: Henry E. Ford 

Legislative Districts: 43rd Congressional; . 

. 

Vice-Mayor, Richard R. Danover 
Councilman, Charles G. Estenson 
Councilman, F. H. Smith 
Councilman, Lee B. Thibadeau 
City Clerk, Sheila A. .Kennedy 
Fire Chief, Stan Mourning 
School Superintendent, Vacant 

CITY OF SAM MARiMO 
(County of Los Angeles) 

Incorporated April 25, 1913 
. Legislative Districts: 26th Congressional; 

' 25th Senatorial; 61st Assembly 
General law city. Population 14,177, Council meets 

second Wednesday of month at 7:30 p.m. in Council 
Chambers, City Hall, 2200 Huntington Dr., 91108. 

Central Telephone: 2 13-282-1 l j 5  
Mayor: Lynn P. Reitnouer 

City Manager: Charles R. ,Martin (Acting) 
Vice-Mayor, Benjamin F.. Hammon 
Councilman. Joseph W. Lewis 
Councilman, George Brandow 
Councilman, Andrew B. Hallum, Jr. 
City Clerk, Betty J.  Groomes 
Police Chief, James W. Moore 
Fire Chief, Frank S.  Storts 
School Superintendent, David Brown 

C3TV OF SAW MATE0 
(County O F  San Matso)- 

Incorporared September 4, 1894 ' 
Legislative Districts: 1 Ith Congressional; 

6th and 10th Senatorial; 19th and 20th Assembly 
Chartered city. Population 78,991. Council meets first 
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and third Mondays of month in Council Chambers, 
City Hall. 330 W. 20th Ave,, 94403. 

Central Telephone: 415-5746760 
Mayor: Donna S .  Richardson 

City Manager: Richard B. DeLong 
Dcputy Mayor, Jane Baker 
Councilman, Florence P. Rhoads 
Councilman, Hugh Wayne 
Councilwoman, Aron H. Hoffman 
City Clerk, Doris Christen 
Police Chief, Lawrence D. Phipps 
Fire Chief, Arthur N. Koron 
School Superintendent, Dr. Julian D. Crocker 
City Attorney, Douglas Dang 

(Couniy of Contra Costa) 
Incorporated April 27, 1948 

Legislative Districts: 7th Congressional; 
7th Senatorial; 11th Assembly 

General law city. Population 19,000. Council meers first 
and third Mondays of month at 8:OO pm.  in Council 
Chambers, City Hall, No. 1 Alvarado Square, 94806. 

Central Telephone- 415-234-5440 
Mayor: Josepk M. Gomes 

City Manager: Donald L. Russell 
Vice-Mayor, Samuel W. Morrison 
Councilmember, Marie H. Daniels 
Councilmember, Kathryn L. Carmignani 
Councilmember, John S. Koepke 
City Clerk, Charlotte Maggard 
Police Chief. Donald F. Oyaas 
Fire Chief, Bill Helms 
Treasurer, Allison Alter 
City Attorney, Lawrence D. Saler 

{County of Maiin) 
Incorporated February 18, 1874 

Legislative Districts: 5th Congressional; 
2nd Senatorial;,Pth Assembly 

Chartered city. Population 43,861. Council meets first 
and third Mondays of month a t  800 p.m. in 

Council Chambers, City Hall, 1400 Fifth Ave., 94901. 
Mayor: Lawrence E. Mulryan 

City Manager: Robert F. Beyer 
Councilmember, Dorothy L. Breiner 
Councilmember, Jack G. Nixon 
Councilmember, Joseph A. Miskimen . 
Councilmember, Fred E. Jensen 
City Clerk, Jeanne M. Leoncini 
City Attorney, Edmund A. Duggan 
Police Chief, Frank R. Benaderet 
Fire Chief, Robert E. Marcucci 
Treasurer, Ransom E. Coleman 
School Superintendent, Carl Couch 
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CiTY OF SANTA ANA 
(County of Orange) 

Incorporated June 12, 1886 
,Legislarive Districts: 38th, 39th and 40th Congressional; 
35rh. 36th and 37th Senatorial; 70th, 72nd. 73rd and 74th 

Assembly 
Chartered city. Population 20+,089. Council meets first 

and third Mondays of month in Council Chambers, 
22 Civic Center Plaza, 92701. 

Central Telephone: 71+8344251 
Mayor: James E. Ward 

City Manager: A. J. Wilson 
Vice Mayor, Gordon Brick& 
Councilman, Harry K. Yamamoto 
Councilman, Daniel E. Griset 
Councilman, J. Ogden Markef 
Councilman, Alfred C. Serrato 
Councilman. R. W. Luxembourger 
City Clerk, Janice C. Guy 
Police Chief, Raymond C. Davis 
Fire Chief- William J. Xeimer 
School Superintendent, Howard R. Harrison 
City Attorney, Edward J.  Cooper 

GI-iY OF SANPA 8ARBARA 
( C Q U I I ~  of Santa Barbara) 

Incorporated April 9, 1850 
Legislative Districrs: 19th Congressional; 

18th Senatorial: 35th Assembly 
Chartered city. Population 74,100. Council meets every 

Tuesday ar 9:00 a.m. in 
Citv Hall. De la Guerra Plaz3. 93102. 

Centri. Telephone: 808-963:0611 

City Administrator: Richard D. Thomas 
Mayor: David T .  Shiffman . .  

Councilman, .Sheila Lodge 
Councilman, Hal Conklin 
Councilman, Frapcis S. Lopez 
Councilman, Patricia Fillippini 
Councilman, Lyle G. Reynolds 
Councilman, Jeanne Graffy 
City Clerk, Richard D. Thomas 
Police Chief, Neil J. Adkins 
Fire Chief, Alfred L..Faoro (Acting) 
School Superintendent;Dr. David Thomas 
City Artorney, Frederick W. Clough - 

(County of Santa Clara) 
Incorporated July 5, 1882 

Legislative Districts: 12th Congressional; 
12th Senatorial; Zlst and 23rd Assembly 

Chartered city. Population 87,206. Council meets every 
Tuesday of the month in City Hall 
I500 Warburron Avenue, 95050. 
Central Telephone: 108-984-3000 

City Manager Donald R. \ion Raesfeld 
Mayor: William A. Gissler 

Vice Mayor, Daniel V. Texera 
* Councilwoman, Auralee Street, 
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* Councilman, Roger Martinez 
Councilman, Evrretr hi. Souia 
Councilman, David D. Tobkin 
Councilman, John I. Mahan 
City Clerk, A. S. Belick 
Police Chief, Donald C. Ferpson 
Fire Chief, Donald P. Visconti 
School Superintendent, Rudy R. Garti 

a. 
'Term expires 11/81 

GUY OF SAMTA CWBSZ 
(County of Santa Cruz) 
Incorporated March 31, 1866 

Legislative Districts: .16th Congressional; 
17th Senatorial; 28th Assembly 

Chartered city, Population 41,401. 
Council meets second and fourth Tuesdays at 

400  and 7:30 p.m. in Council Chambers, 
City Hall, 809 Center Street, 95060. 

Central Telephone: 408-429-3784 
Mayor: Joseph J. Ghio 

Ciry Manager: David C. Koester 
Vicc-Mayor, Spiro Mellis 
Councilman, Lawrence A. Edler 

9 Councilman, Ben Muhly 
Councilman, John G. Mahaney 
Councilman, Michael Rotkin 
Councilman, Bruce Van Allen 
City Clerk, Patricia M. Kenyon 
City Attorney, Rodney R. Atchison 
Police Chief, Geno J. Pini 
Fire Chief, Tony Pini 
School Superintendent, V- -cant 

'Terms expire 11/4/81 
e 
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Legislative Districts: 19th Congressional; 
17th and 18th Senatorial; 29th 2nd 35th Assembly 

General law city. Population 35,539. 
Council meets first and third Tuesdays of month in 

City Hall. 110 E. Cook Street, 93454. 
Central Telephone: 805-925-0951 

Mayor: George S. Hobbs, Jr. 
City Administrator: Robert F. Grogan 

Mayor pro Tern, Jack Adam 
Councilmln, W. Allen Burke 
Councilman, Toru Miyoshi 
Councilman, Donald J. Shaw 
City Clerk, Dorothy Lyman , 
Police Chief, Joseph Centeno 
Fire Chief, C. Wright Crakes 
Tresurer, Wm. W. Winter 
City Attorney, Vacant 

CKY OF SANTA F€ SPRINGS 
(County of Los Wngsles) 

Incorporated May 15, 1957 
Legislative Districts: 33rd Congressional; 

33rd Senatorial; 63rd Assembly 
General law city. Population 15,000, Council meets 

second and fourth Thursdays of each month 
at E30 p.m. in Council Chambers, City Hall. 

11710 Telegraph Road, 90670. 
Central Telephone: 213-868-051 1 

Mayor: Ronald S. Kernes 
City Manager; Donald R. Powell - Mayor pro Tem, Betty Wilson 

Councilman, Luis A. Fkontrias 
Councilman, William J. McCann 
Councilman, Armando J. Mora 
City Clerk, Donald H. Powcll 
Fire Chid, Bernard Cannard 
City Attorney, William Carnil 

GJTY OF SANJTA WARBW 
(County of Santa Barbara) 
Incorporated September 12, 1905 

0 

ClTY OF $ANTA MVIDNiCA 
(County of Los Angeles) 

Incorporated November 30, 1886 
Legislative Districts: 27th Congressional; 

2Znd Senatorial; 44th Assembly 
Chartered city, Population 88,122. Council meets 2nd 
and 4th Tuesdays of month at 7:30 p.m. in Council 

Chamber, City Hall, 1685 Main St., 90401. 
Central Telephone: 213-393-9975 
Mayor: Ruth Yannam Goldway 

City Manager: John Jalili (Acting) 
Mayor pro Tem, Ken Edwards 
Councilman, William H. Jennings 
Councilwoman, Dolores M. Press 
Councilman, Dennis Zane 
Councilman. James P. Conn 
Councilwoman, Christine Reed 
City Clerk, Ann M. Shore 
Police Chief. lames Keane 
Fire Chief, Thomas Tolman 
School Superintendem, Dr. George L. Caldwell 

C!TY OF SANTA PAULA 
(County of Vsntura) 

Incorporated April 22, 1902 
Legislative Districts: 20th Congressional; 

18th Senatorial; 36th Assembly 
General law city. Population 19,600. 

Council meets first and third Mondays of month at 
7:30 p.m. in City Hall, 970 Venmra St., 93060. 

Central Telephone: 805-525-3344 
Mayor: Alfonso C. Urias 

City Administrator: James W. Morrison 
Mayor pro Tem, John A. F. Melton 
Councilman, Leslie H. Maland 
Councilman, Jim McCoy 
Councilwoman, Eleanor Crouch 
City Clerk, James E. Rohbins 
Police Chief, James R. Corrigan 
Fire Chief, Lloyd Onsrot, Jr. 
Treasurer, Wilmer G. Nelson 
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City Planner, Kristin Duncan 
City Attorney, Phillip H. Romney 

C!TY OF SANTA ROSA 
(County of Sonoma) 

Incorporated March 16, 1868 
Legislative Districts: 2nd Congressional; 
4th Senatorial; 8th and 2nd Assembly 

Chartered city. Population 81,572. Council meets first 
four Tuesdays of month in Council Chambers, 

City Hall, 100 Santa Rosa Avenue, 95401. 
Central Telephone: 707-528-5361 

Mayor: Jerry Wilhelm 
City Manager: Kenneth R. Blackman 

Vice-Mayor, William H. Barone 
Councilwoman, Donna M. Born 
Councilman, John J. Healy 
Councilman, Clement R. Guggiana 
City Clerk, Kenneth R. Blackman 
Police Chief, Salvatore V. Rosano 
Fire Chief, Michael Turnick 
School Superintendent, John Landis 
City Attorney, Bruce Leavin 

C!JY OF §ANTEE 

(County of San Diego) 
Incorporated December 1, 1980 

Legislative Districts: 43rd Congressional; 59th Senatorial; 
76th and 77th Assembly 

General law city. Population 50,000. Council meets sec- 
ond and fourth Mondays at Santee Elementary School 

District Headquarters, 9625 Cuyamaca Street; City Hall 
is I x x e d  at In765 Woodside Ave. 92071 

Mayor: Gene R. Ainsworth 
City Manager: Stephen R. Thatcher 

Centra! Telephone: 714-562-6153 ’ 

Councilmember, 
Vice Mavor. E. T. “Woodie” Miller 

~~~~~ ...~~.. 
Councilmember, Roy A. Woodard 
Councilmember, Janire R. Claussen 
Councilmember, James P. Bartell 
City Clerk/Treasurer, R. E. Carter 
Police Chief, C. Wig,’ otnton 
Fire Chief, Ronald Berry 
School Superintendent, Douglas Giles 
City Attorneys. Donald F. Jr. and Gloria S. McLean 

A 

CITY OF SARATOGA 
(Coun*~ of Santa Clara) 
Incorporated October 22, 1956 

City Manager: J. Wayne Dernetz (Acting) 
Councilwoman, Martha CLevenger 
Councilwoman, Cheriel Jcnsen 
Councilman, John Mallory 
Councilman, Dale Watson 
City Clerk, Grace E. Cory (Acting) 
Police Chief, John T, Ball 
Fire Chief, Einie Kraulr 
School Superintendent, Dr. Everett G. McNicholas 
City Atzorney, Paul Smith 

CITY OF SAUSALITB 
(County of Marin) 

Incorporated September 4, 1893 
Legislative Districts: .5th. Congressional; 

2nd Senatorial; 9th Assembly 
General law city. Population 6,473. Council meets first 

and third Tuesdays of each month in Council 
Chambers, 420 Litho Street, 94965, 
Central Telephone:’415-332-03 io 

Mayor: F. W. “Fritz” Warren 
City Manager: Thomas J. Andrwky 

Vice Mayor, R0hin.R. Sweeny 
Councilman, Carol Singer Peln 
Councilman, Peter Van Meter 
Councilwoman, Sally Stanford 
City Clerk, Janet F. Tracy 
Police Chief, James D. Wright 
Fire Chief, Stephen H. Bogel 

City Artrney, Leland H. Jordan 
Treasurer, Carl Tregner - 

CBT’Y OF SCOTT$ VALLEY 
(County of Santa Crrrz). 
Incorporated August 2, 1966 

Legislative Districts: 16th Congressional; 
17th Senatorial; 28th Assembly 

General law city. Population 6,907. Council meets first 
and third Wednesdays of month at 7:30 p.m., 

San Agustin Church, 2S7 Glenwood Dr., 95066. 
Central Telephone: 408-438-2324 

Mayor:. Jun Lee 
City Administrator: Robert J. Rockett 

Councilman. Rad Lyon 
Councilman, Raymond F. Carl 
Councilmnn, Richard Siltanen 
Councilman, Friend W. Stone 
City Clerk, Robert J. Rockett 
Police Chief, Gerald C. Pittenger 
Fire Chief, C. Bruce Scott 
School Superintendent, Donald R. Slezak 
City Attorney. Raymond Haight 

Legislative Districts: 13th Congressional; 
12th Senatorial: 22nd Assembly 

General law city. Population 30,300. 
Council meets first and rhird Wednesdays of month in 
City Council Chambers, 13777 Fruitvale Ave., 95070. 

Central Telephone: 408-867-3.138 
Mayor: Linda Callon 

’ CITY OF SEAL BEACH 
(County of Orange) 

Incorporated October 27, 1915 
Legislative Districts: 34th Congressional; 

36th Senatorial; 73rd Assembly 
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Chartered city. Population 27,671. Council meets 
second and fourth Mondays of month in 

City Hall, 211 8th St., 907%. 
Central Telephone: 213-431-2527 

.Mayor: Ronald A. Kredell 
"City Manager: Denis Thomas 

0 
Councilman, Frank J. Laszlo 
Councilman. George H. Supple 
Councilman, Harold Kent Seitz 
Councilman, Willemke Vanderstaay 
City Clerk, Joanne M. Yen 
Police Chief, Stacy Picascia 
Fire Chief, Ronald Adams 
Treasurer-Finance Director, Denis Thomas 
School Superintendents, Dr. Roger Lowney 2nd 

City Attorney, Patrick C. Coughlan 
George Plumleigh 

'Until ,May 1, 1981 
"Until April 1, 1981 

GiTY OF SEASIDE 
(Gounty of Monterey) 

Incorporated October 13, 1954 
Legislative Districts: 16th Congressionak 

17rh Senatorial; 28th Assembly 
General law city. Population 36,291. Council meets 

first and third Thursdays in City Hall, 
410 Harcourt Avenue, 93955. 

Central Telephone: 408.3948531 
Mayor: Glen Olea 

City Manager: Roger L. Kemp 
Mayor pro Tem, Berdine "Bud" Houser 
Councilman, Albert J. Lioi 
Councilman, Melvin T. Mason 
Councilman, George E. Austin 
City Clerk, Roger Kemp 
Police Chief, Bennie W. Cooper 
City Attorney, Donald G. Freeman 
Fire Chief, Joseph McNeill 

0 

CJTY OF SEBASTBPBL 
(County of Sonoma) 

Incorporated June 13, '1902 
Legislarive Districis. 2nd Congressional; 

2nd Senatorial; 2nd Assembly 
General law city. Population 5,100. Council meets first 

and third Mondays of month in Forum Room, 
7120 Bodega Ave., 95472. 

City Manager: Melvin K. Davis 
' Mayor: Robert E. Anderson 

Vice-Mayor, Gwen A. Anderson 
Councilman, Tom Miller 
Councilman, Juliana Doms 
Councilman, Ed Nomura 
City Clerk. Melvin K. Davis 
Police Chief, Charles Baker 
Fire Chief, Russ Shura 
School Superintendent, Harry J. Burcell 
Treasurer-Finance Oficer, Charles Foster 

CITY OF SElFAA 
(County of Fresno) 

Incorporated !4arch 1.5, 1893 
Legislative Districts: 17th Congressional; 

15th Senatorial; 31st Assembly 
General law city, Population 10,914. Council meets first 
and third Mondays of month at  1814 Tucker St., 93662. 

Centrd Telephone: 209-8961064 
Mayor: Emma E. Jensen 

City Administrator: Nicholas Pavlovich 
Vice-Mayor, Charles Rothgnm 
Councilwoman, Pat Helm 
Councilman, Ralph Garcia 
Councilman, Ben Fry 
City Clerk, Genevieve Grutzmacher 
Police Chief, James E. Brockett 
Fire Chief, Dave Haugen 

I CITY OF SHAFTER 
(County 04 Kern) 

.- . Incorporated January 20, 1938 
Legislative Districts: 18th Congressional 

16th Senatorial; 33rd Assembly 
General law city, Population 6,725. 

Council meets second and fourth Mondays of month 
at 200 p.m. in City Hall, 320 James St., 93263.. 

Central Telephone: 805-746-6361 
Mayor: Elmer R. Unruh 

Ciry Administrator: William Sheldon, Jr. 
Councilman, Donald Little 
Councilman, Rolf Jacobsen 
Councilman, Loyd Link 
Councilman, George Wise 
CiN Clerk. Dolores Robinson 
Poiice Chief, Gene Kaplan 
Fire Chief. Clifford Ratzlaff 
Treasurer, Bernice Atkinson 
City Attorney, Alfred G. Mortimore 

GlTY 5% SilERFIA MADRE 
(Gounty ~i Los Angaies) 
Incorporated February 2, 1907 

Legislative Districts: 26th Congressional; 
25th Senatorial; 6 1 s  Assembly 

General law city, Population 12,200. Council meets 
second and fourth Tuesdays of month in Council 

Chambers, City Hall, 232 W. Sierra Madre Blvd., 91021. 
Central Telephone: 213-355-7135 

hlayor: Charles I. Corp 
City Administrator: James E. McRea 

Mayor pro Tem, Elaine T. Rudolph 
Councilman, Clem L. Bartolai 
Councilman, Thomas.Edwards . 
Councilman, Carlyle D. Griffin 
City Clerk. L. Marie Warfel 
Tr;asurer,'Dougtas C. Berkshire 
Police Chief. I. E. "Bill" Betts 
Fire Chief, James Leonard Hall e 
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CITY OF SjIGiUAL HILL 
(County of Los Angales) 
Incorporated April 22, 1924 

Legislative Districts: 34th Congressional 
31st Senatorial; 58th Assembly 

General law city. Population 6,550. 
Council meets first and third Tuesdays of month in 

Council Chamber;City Hall. 2175 Cherry Ave., 90806. 
Central Telephone: 213-426-7333 

Mayor: George E. Papadakis 
City Manager: David A. Caretto 

Vice-Mayor, William F. Mendenhall 
Councilman, Dr. David J. Bellis 
Councilnian, Keaton K. King 
Councilman, Robert R. Price 
City Clerk, Merle J. Hunt 
Fire Chief, Clyde Bragdon 
Treasurer, Kathleen Brady 
City Attnrney, '7" Kenneth Brown ' . 

CITY OF SIMl VALLEY 
. (County of Ventura) 
Incorporated October 10, 1969 

Legislative Districts: 20th Congressional; 
19th Senatorial; 37th Assembly 

General law city. Population 76,301. Council meets on 
second and fourth Mondays of month at 

3200 Cochran St,, 93065. 
Central Telephone: 805-522-1333 

Mayor: Elton Gnltegly 
City Manager: M. L. Koester 

Mayor pro T e a ,  Greg Stratton 
Councilman, Bill Baker 
Councilman, Robert Huber 
Councilwornan, Nancy Bender 
City C1erk;lvI. L. Koester 
Fire Chief, Stan Masson 
School Superintendent, John Duncan 
City Anorney, Mitchel Kahn 

CiTY OF SOLEDAD 
(County of Monterey) 
Incorporated March 9, 1921 

Legislative Districts: 16th Congressional; 
17th Senatorial; 29th Assembly 

General law city. Population 5,610. Council meets 
second Tuesday and fourth Wednesday, of month 

'at City Hall, 647 Front St., 93960. 
Central Telephone: 408-678-3963 

Mayor: Frank Ledesma 
City Manager: Larry W. Bagley 

Councilman, A. J. de 10s Sontos 
Councilwoman, Elaine Gutierrez 
Councilman, Graig Stephens 
C6uncilman, Joe 0. Ledosma 
City Clerk, Larry W. Bagley 
Fire Chief, Vernon Hevrin 
Police Chief, Benjamin J imina 
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Treasurer, Richard Perez 
School Superintendent, Wendel Broom 
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C!TY OF SQMOMA 
(County of  Sonoma) 

Incorporated September 3, 1883 
Legislative Districts: 2nd Congressional; 

4th Senatorial; 8th Asaembly 
General law city. Popu!ation 5,948. 

Council meets second and fourth Mondays of month 
at 730 p rn. in Council Chambers, City Hall, 

No. 1, The Plaza, 95476. 
Central Telephone: 707-938-368 1 

Mayor: Henry J. Riboni 
City  manager: Brock T. Arner 

Vice-Mayor, Nancy Parmelee 
Councilman, Jerold Tuller 
Councilman, Daniel T .  Ruggles, Sr. 
Councilman, Kenneth S. McTaggart 
City Clerk, Eleanor Berto 
Fire Chief, Albert C. M322a 
Police Chief, Billy D. Rettle 
Treasurer, William J. Houston 
School Superintendent, Roberr Geum 
City Attorney, John A. Klein 

' ' G9TY OF SOM8RA 
. . (County of Tuolumne) 

Incorporated May 1, 1851 
Legislative Districts: 14th Congressional; 

13th Senatorial; 7th Assembly 
General law city. Population 3,840. Council meets first. 
and third Mondays of month at 8:OO pm. in Council 
Chambers, City Hall. 94 N. Washington St., 95370. 

Central Telephone: 249-532-4541 
Mayor: Stanley J. Churchill 

City Administrator William E. Thomas . . 
Mayor pro Tan, Donald A. Calvert. 
Councilman, Ronald E. S t e m  
Councilman, Louis R. Pound 
Councilman, Larry A. Rotelli 
City Clerk-Treasurer, Paul W. Vaughan 
Police Chief, Ronald D. Wano 
Fire Chief, Guy C. Mills 
City Attorney, William E. Thomas. 

CITY OF SOUTH EL. MOPldTE 
(County of Los Angales) 

Incorporated July 30, 1958 
Legislative Districts: 30th Corrgressional; 
26th Senatorial; 59th and 60th Assembly 

General law city. Population 17,342. Council meets 
second and fourth Thursdays each month n t  

230 p.m. in the Council Chambers, 
1415 Santa Anita Ave., 91733. 

Central Telephone: 213-579-6540 
Myyor. Jim Kelly 

City Administrator: Paul J. Philips 
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Vice-Mayor, Albert G. Perez 
Councilman, John Gonzales 
Councilman, Ignacio "Slim" Grasia 
Couucilman, Greg Meis 
City Clerk, Margaret M. Garcia 

CITY O f  SOUTH G&TE 
(County of Los Angeles] 
Incorporated January 20, 1923 

Legislative Districts: 29th Congressional; 
29th Senatorial; 48th Assembly 

General law city. Population 67,555. Council meets 
second and fourth Mondays at 7 p.m. in Council 

Chambers, City Hall, 8650 California Avenue, 90280. 
Central Telephone: 213-567-1331 

Councilman, Samuel G. Knowles 
Councilwoman, Helen E. Simmons 
Councilman, Ted R. Shaw 
City Clerk, Ruby 'A'. Kerr 
Police Chief, Samuel L. Buntyn 
Fire Chief, Gene E. Murry 
Treasurer, Edward Ristow 
School Superintendent, Dr. Joan Wilson 
City Attorney, Charles R. Martin 

@1TY OF SOUTH SAM FRANC15CO 
(County af San Mateo) 

Incorporated September 19, 1908 
Legislative Districts: 1 Ith Congressional: 

6th Senatorial; 19th Assembly 
Mayor: Ode11 L. Snavely 

Chiet Administrative Officer: Carl H. Zeise 
Vice-Mayor, Harold Prukop 
Councilman, William H. DeWitt 
Councilwoman, Joan G. King 
Councilman, Joseph Moore 
City Clerk, Janet E. Stubbs 
Polite Chief, Roberr R Stewart 
Treasurer, Martha L. Hunter 
City Attorney, John J. Gottes 

GUY OF SOUTH LAKE TAQIOE 
(County of El Dorado) 

Incorporated November 30. 1965 

General law city. Population 48,650. Council meets f inr  
and third Wednesdays of month at 730 pm. ar 
West Orange Ave. Library Auditorium, 94080. 

Central Telephone: 415-877-8500 
Mayor: Gus Nicolopulos 

City Manager: C. Walter Birkelo 
Vice Mayor, Roberta Cerri Teglia 
Councilman, Mark N. Addiego 
Councilman, Emanuele N. Damonre 
Councilman. Ronald G. Acosta 
City Clerk, .Barbara A. Battaya 
Police Chief. lames L. Datzman 
Fire Chief, Jdbn L. Drago 
School Sunerintendest. Thomas 1. Gaffney 
City A t t o k y ,  Robert K. Roger; (Acting) 
. .. . _ _  . .. . Leeislative Districts: 14th Coneressional: 

13th Senatorial; 7th AsseGbly 
General law c i w  Population 22,950.' Council meets first 

and third Tuesdays at IO21 A1 Tahoe Blvd., 95705. 
Central Telephone: 916-541-2900 ' 

Mayor: John N. Cefalu 
City Manager: Richard Milbrodt. 

Coundlman. Norman C. Woads '&\W 

Councilman, Terry Trupp 
City Clerk, Evelyn L. Roberson 
Police Chief, John Crow 
Fire Chief, Bert Cherry 
School Superintendent, Ken Lowry 
City Attorney, J. Dennis Crabh 

Councilman, Frank Benevento ?b$ 
Councilman, John Hubbell ' q6 

CITY OF SOUTH PASADENA 
(County 05 kos Angalas) 

Incorpor3t+ ,March 2, 1888 
Legislative Districts: 26th Congressional; 

2lst Senatorial; 42nd ASSembly 
General law city. Population 22,624. Council meets firsr 

and third Wednesdays of month at 2 3 0  p.m. at 

Central Telephone: 213-799-9101 
Mayor: Michael B. Montgomery 
City Manager: Charles R. Martin 

. 817 Mound Avenue, 91030. 

Mayor pro Tem, Alva Lee Arnold 

.- 

CITY OF 57. HELENA 
[Couaty of Napa) 

Incorporared March.24, 1876 
Legislative Districts: 2nd Congressional; 

4th Senatorial; 8th Assembly 
General law city. Population 4.661. Council meets 
second and fourth Tuesdays of month in Council 

Chambers, City Hall, 1480 Main St., 94573. 
Central Telephone: ,707-9634741 

Mayor: Lowell Smith 
Administrative Coordinator: George R. hfnsso 

Vice Mayor, David Whiting 
Councilman, Guy Kay 
Councilman, Me1 Varrelman 
Councilman, Anthony Holtzbnuer 
City Clerk, George 'R. Musso 
Police Chief,,Andrew V. Angel 
Fire Chief, Ron Pincus 
Treasurer. KIeo Mini 
School Superintendent, Vance D. Baldwin 

61TY OF STANTON 
(GuunPy OF Orange) 

Incorporared June 4, 1956 
Legislative District% 38th Congressional; 
37th Senatorial; 71% and 72nd Assembly 
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General law city. Population 24,931. Council meets 
second and fourth Tuesdays of month, 730 pm,,  in 

Council Chambers, City Hall, 7800 Katella Ave., 90680. 
Mayor: Joseph M. Wheeler 

City Manager: James E. Neal 
.Mayor pro Tern, Lawrence Romagnino 
Councilman, Frank N. Marshort 
Councilman, Charles J. Re11 
Councilwoman, Martha V. Weishaupt 
City Clerk, Andrew'C. Lazzareno 
Police Chief, Ronald A. Johnson I 

Fire Chief, Jerold L. Hunter 
.- 

(County of Sen Joaquin) 
Incorporated July 23, 1850 

Legislative Districcr: 14th Congressional; 
13th Senatorial; 7th and 26th Assembly 

Chartered city. Population~I45,841. Council meets every 
Monday, 5:OO p.m., in Council Chambers, City Hall, 

425 N. El Dorado St., 95202. . 
Central Telephone:. 209-944-8212 

Mayor: Daniel A. OBrien 
City Manager: John B. Wena  

Vice-Mayor, William Sousa 
Councilwoman, Barbara Fass 
Councilman, Jesse.L. Nabors 
Councilman, Tom Madden 
Councilman, Jack E. Clayton 
Councilman, James M. Paige 
Councilman, Ralph L. White 
Councilman, Arnold I. Rue 
City Clerk, John M. Jarrett 
Police Chief, Julio Ceccheni 
Fire Chief, James Clifton 
School Superintendent, Dr. Leon Lessinger . t 

City Attorney, Gerald A. Sperry 

CITY OF SUISUN ClTY 
(County of Solano) 

Incorporated October 9, 1868 
Legislative Districts: 4th Congressional; 

4th Senatorial; 4th Assembly 
General law city. Population 11,050. Council meets first 

and third Tuesdays of each month in City Hall, I 

,400 California St., 94585. 
Mayor: William G. Jones 

Ciq- Administrator: Robert J. Bounds 
Mayor pro Tem, Ernest McClelland 
Councilman, Manuel Baracosa 
Councilman, Gnido E. Colla . 
Councilman, James E. Buck 
City Clerk, Anita L. Skinner 
Police Chief, James R. West 
Fire Chief, James W. Pennington 
Treasurer, Terry P. Lawson 

12-75SOJ 

ClTY OF SUNMYVALE 
(County of Santa Clara) 

Incorporated December 24, 1912 
Legislative Districts: 12th and 13th Congressiond; 

10th and 12th Senatorial; Zlst, 22nd and 23rd Assembly. 
Chartered city. Population 110,000. Council meets every 

Tuesday, 8 p.m., in Council Chambers, City Hall, 
456 W. Olive Ave., 94086. 

Central Telephone: 408-738-511 1 
Mayor: Dianne McKenna 

City Manager: Thomas F. Lewcock 
Vice-Mayor, Ron Gonzales 
Councilmember, Lynn Briody 
Councilmember, Dolowries Wulfhorst 
Councilmember, Harry Cude 
'Councilmember, John Mercer 
Councilmember, Lawrence E. Stone 
City Clerk, Thomas F. Lewcock . 
City Anorney, Vacant 

(County of Lassan) 
Incorporated August 24, 1900 

Legislative Districts: 1st Congressional; 
1st Senatorial; 1st Assembly 

General law city. Population 6,116. Council meets fi;n 
M.onday of month in Council Chambers,.City HaU, 

66 N. Lassen St., 96130. 

Mayor: Harold Grayson 

' 

Central Telephone: 9.16-257-2174 ' 

Mayor pro Tem, Louis Templeton, Jr. 
Councilmember, Linda Huggins 
Councilmember, Helen M. Leve 
Councilmember; Marion M. Jenkins 
City Clerk, Mary A. Fahlen 
Police Chief, klarcus D. Murphy 
Fire I ief, Raymond A. Berenini 
City 'l'reasurer. George A. Farris 
City Attorney, Donald P. Cady 

(County of Amado?) . . 

Incorporated February 11, 1913 
Legislative Districts:. 14th Congressional; 

13th Senatorial; 7th Assembly 
General law city. Population 1.700. Council meets first 

and third Mondays of month at 7:30 p.m., 
City Auditorium, P.O. Box 366, 95685. 

Central Telephone: 209-267-5617 
Mayor George Maloney. 

Councilman, George @inn 
Councilman, Carl Kuhn 
Councilman, William H. Larrigan 
Councilman, M. J. "Mickey" Brown . , 
City Clerk, Pearl Campbell 
Police Chief, Robert W. Bngni . ' 

Treasurer, William. Oehler, Jr: 
School Superintendent, Ben C. Klotz 
City Artorney, Michael H. Chishnlm 

. .  
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GfTY OF TAFT 
(County of Kern] 

Incorporated November 22, 1910 
Legislative Districts: 18th Congressional; 

16th Senatorial: 33rd Assembly 
General law city. Population 4,714. Council meets first 

and third Mondays OF month in Council Chambers, 
209 E. Kern Street, 93268. 

Central Telephone 805-763-3 1% 
Mayor: George L. McNeal 

City Manager: Stephen L. Wright 
Councilman, Donald N. Braun 
Councilman, Kenneth E. Fuller 
Councilman, Bill Lackey , 

Councilman, Steve Kennedy 
City Clerk, Patricia R. Hollingsworth 
Police Chief, Willard Schlieter 
Fire Chief, James R. Gaither 
Treasurer, Art 7’. Carlton 
City Attorney, Rex Mull 

C1TY OF TEHACHAPI 
(County of Kern) 

Incorporated August 13, 1909 
Legislative Districts: 18th Congiessional; 

16th Senatorial; 34th Assembly 
General law city. Population 4,370. Council meets first 

and third Mondays of month in Council Chambers, 
City Hall, 129 E. “F” St., 93561. 
Central Telephone: 805-822-3264 

Mayor: Lawrence R. Redelsherger 
City hdminisuator: Lawrencs M. Cook 

Councilman, John H. E. Rombouts 
Councilman, Albert J. Pinheiro . 
Councilman, Raleigh B. Austin 
Councilman, Frank E. Crumpacker 
City Clerk, Kathryn L. Koski 
Fire Chief, A. A. Anthony 
Police Chief, John R. Smith 
Treasurer, Evelyn Catalan0 
School Superintendent, Howard W. Hoover 
City Attorney, M. Dwain Smith 

@!JY QF TEHAMA 
(COURW of Tehamal 
Incorporated July 5, 1906 

Legislative Districa: 1st Congressional; 
1st Senatorial; 1st Assembly 

General law city. Population 360. Council meets first 
Wednesday of month in City Hall, 

Cavalier Ave., 96090. 
Central Telephone: 916384-2406 

Mayor: C. A. Stromsness 
Councilman, Harold E. Belbeck 
Councilman, Winston Megorden 
Councilman, Sandra Ward 
Councilman, Edward B. Byram 
City Clerk, Carolyn Steffan 

Treasurer, Verna Hough 
City Attorney, Rawlins Coffman 

CITY OF TEMPLE CITY 
(C9Unt‘f Of LO5 h3gdS.S) 

Incorporated May 25, 1960 
Legislative Disrricts: 26th and 30th Congressional; 

. 25th and 26th Senatorial; 60th and 6151 Assembly 
Chartered city. Population 30,118. Council meets firsr 

and third Tuesdays each month a t  7:30 p.m. in Council 
Chambers, City Hall, 5938 iu‘. Kauffman Ave., 91750. 

Mayor: Tom D. Atkins . 
City Manager: Karl L. Koski 

Mdyor pro Tem, Kenneth G. Gillanders 
Councilman, William I. Dennis 
Councilman, Jack R. Tyrell 
Councilman, Louis W. Merritt 
City Clerk, Karl L. Koski 
School Superinrenden& Dr, Wes Bosson 

CITY OF THOUSAND B) 
(Goungr of Ventura) 

Incoruorated October 7, 1964 

s .  

Legislative Disrricts: 20th Congressional; 
19th Senatorial; 38th Assembly 

General law city, Population 81,850. Council meets first 
four Tuesdays of each month a t  730 pm. ar 

401 W. Hillcrest Dr., 91360. 

’ Mayor: Lawrence E. Horner 
. .  Central Telephone: 805497-861 1 

City Manager: Grant R. Brimhall 
Mayor pro Tem, Alex T. Fiore 
Councilwoman, Frances K. Prince ’ . 
Councilman, A. Lee Laxdal 
Councilman, Madge L. Schaefer 
City Clerk, Suzanne Ota 
Police Chief, Alfred Jalaty 
Fire Chief, S. E. Mason 
City Attorney, James Longtin 

.TOWN QF TlSUROfM 
(County oi Marin) 

Incorporated June 23, 1964 

2nd Senarorial; 9th Assembly 
General law ciry. Population 7,000. Council meets 

first and third Wednesdays at EO0 p.m. in 
I -Council Chambers, Reed School, Room 9, 

llS5 Tiburon Blvd.;94920. 
Central Telephone: 415435.0956 

Legislative Districa: 5th Congressional; ’ 

LMayOr: Philip Bass 
Town ClerklManaeer: Robert L. Kleinert - 

Councilman, Hal Edelstein 
Councilman, Dennis Rockey 
Councilman, Kirk.Hanson 
Councilwoman, Joan Bergsund 
Police Chief, John Bailey 
Town Attorney, Robert Conn 
Town Treasurer, F. G. Knight 
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CITY 43F TORRANCE 
(County  Of LOS Al3gEtle.S) 

Incorporated May 12, 1921 
Legisbative Districts: 27th. 31% and 32nd Congressional; 

27th Senatorial; 5 1 s  and 52nd Assembly 
Chartered city. Population 129,511. Council meets every 

Tuesday of month in City Hall. 
3031 Torrance Blvd., 90503. 

Central Telephone: 213-328-53 10 
Mnyor: James R. Armstrong 

City Manager: Edward J. Ferraro 
Councilman, Bill Applegate 
Councilman, Daniel W. Walker 
Councilman, Donald E. Wilson 
Councilman, Doug Brown 
Councilman. Dick Rossberg 
Councilwoman, Katy Geissert 
City Clerk, Sherie L. Nelson 
Police Chief, Donald E. Najh 
Fire Chief, Richard DeYoling 
Treasurer, Thomas C. Rupert 
City Attorney, Stanley E. Remelmeyer 

cikd OF TRACY 
(County of San Joaquin) 

Incorporated July 22, 1910 
Legislative Districts: 14th Congressional; 

13th Senatorial; 26th Assembly 
General law city. Population 18.488. Council meets first 

and third Tuesdays of month in Council Chambers, 
325 E. 10th St., 95376. 

Central Telephone: No central number ar this time 
Mayor: Robert A. Canciini 

City Manager: Michael E. Locke 
Vice-Mayor, Eleanor Kambeia 
Councilmember, C. D. Simpson 
Councilmember, Dorothy M. Zanussi 
Councilmember, Roy R. Sissell 
City Clerk, Betty J. Dani 
Treasurer, E. H. Henervik, Jr. 
Police Chief, Cloyce Brooksher 
Fire Chief, Dan Watrous 
School Superintendent, James R French 

@ U T  OF TRINIDAD 
(County of Humboidt) 

Incorporated Novembrr 7, 1870 
Legislarive Districts: 2nd Congressional; 

2nd Senatorial; 2nd Assembly 
General law city. Population 300. Council meets first 

Tuesday of month in City Hall. 409 Trinity Sr,, 95570. 
Mayor: George Collins 

Councilmember, Dave Zebo 
Councilmember, Betty Freeman 
Councilmember, M. L. Patterson 
Councilmember. John Wilson 
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City Clerk, Robin J. Zieglrr 
Fire Chief, Susan Morton 
Treasurer, Catharine Cameron 

CITY QF TUbARE 
(County of Tulare) 

Incorporated April 12, 1888 
Legislative Disrricts: 17th Congressional; 

15th Senatorial; 32nd Assembly 
Chartered city. Population 19,050. Council meets 

first and third Tuesdavs of month in 
Civic Affairs Bldg., 93274. 

Central Teleuhone: 209-688-2001 

179 

Mayor: Philip E. Yandegrift 
City fulanazer: W. Lynn Dredge 

Vice-Mayor, Ila 0. Harmon 
Councilwoman, Thelma J. G o m a  
Councilman, Duane Miller 
Councilman, Oliver Mefford 
City Clerk-Auditor, William a. Fishbough 
Police Chief, Dah Anderson 
Fire Chief, Ken Bridges 

CiTY 8 F  TULELAKE 
(County of Siskiyouf 

Incorporated March 1. 1937 
Legislative Disrricm. 1st Congressional; 

1st Senatorial; 1st Assembly 
General law city. Population 985. Council meets firs: 

and third Mondavs of month at.7:00 u.m. (winter) 8:OO 
p.m. (summer) 

in Citv Hall. 96134. 
. . Central Tel&onei 916667-5522 

Mayor:, Ron'Peterson 
Councilwoman, Mary Rogers 
Counr'man, AI Kongslie 
Coundman, Dick Williams 
Councilm'an, William McBride 
City Clerk, William C Whitaker 
Police Chief,-no namc submitted 
Fire Chief, Marvin Jerzykowski 
Treasurer, Ardis McMahon 
City A~tomcy, John Baker 

CfTY OF ThlRLOCK 
(County of Sranislaus) 

Incorporated February 15, 1908 
Legislative Dismcts: ISth Congressional; 

14th Senatorial; 27th Assembly 
General law city. Population 26,002. Council meets 
second and fourth Tuesdays of month in Council 

Chambers, 
City Hall, 900 Nonh Palm, 95380. 
Central Telephone: 209-632-23 11 
' Mayor: D. Dale Pickney 
City Manager: Steven H. Kyte 

Councilman, Harold Logsdon 
Councilwoman, Fenny Wade 
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Councilman, Charles Bikkr 
Councilman, Tom Howard 

Police Chief, John R. Johnson 

Treasurer, Carl E. Hillberg 
School Superintendent, Dr. George A. Gusrafson 
City Attorney, Lou Ann Watson 

34009 Xlvarado-Xilea Road, 94587. 
Central Telephone: 415471-3232 

Ciry Manager: Karen Smith 
. ' City Clerk, Vera Sahlstrom Mayor: Tom Kirayama 

@ Fire Chief, Larry F. Hughes Vice-Mayor, Delaine Eastin 
Councilwoman, Cecilia Boyle 
Councilwoman, Jean Westgard 
Councilnan. Manuel Garcia 
City Clerk; Karen Smith 
Police Chief, Jere Bashinski (Acting) 
Fire Chief, Kenneth C. Garcia 
School Superintendent, Guy Emanuele 

CBTY 8% TUST!M 
.(County of Orange) 

Incorporated September 21, 1927 

37th Senatorial; 70th. 72nd and 74th Assembly 
General law city. Populatiob 39,761. Council meets. first 

and third Mondays of each month in Council 
Chambers, City Center, 300 Centennial Way, 92680. 

?dayor: Dona1.d J. Saltarelli 
City Administrator: Dan Blankenship 

.Legislative Districts: 40th Congressional; 35th, 36th and CITY OF GPLA%D 
(Count l~  of San Bernardino) 

Incorporated May lj, 1906 . ,- 
Legislative Districts: 35th Congressional; 

General law city. Population 47,647. Council meets first 
and third Mondays of month at 200 p.m. in Council 

Chamber, City Hall, 460 N. Euclid Ave., 91786. 
Central Telephone: 71C982-I? 52 

Mayor: John E. McGrthy 
City iManager: S. Lee Travers 

Central Telephone: 714-544-8890 ' . 32nd Senatorial; 65th Assembly 

. 
Mayor pro Tem, Richard 8. Edgar 
Councilwoman. Ursula Kennedy 
Councilman, Ronald B. H m s y e y  
Councilman, James B. Sharp 
City Clerk, Mary E. Wynn Mayor pro Tern, Ins Petokas 
Police Chief, Charles Thayer Councilman, Frank A. Hoover 
Schcu' Superintendent, Dr. Maury Ross Councilman, Albert A. Canesrro 
City Axorney, James G: Rourke . .  Councilman. Frank I. Camenrer 

CITY OF GKiAH 
(County of Mendocino) ' 

Incorporated March 8, 1876 
Legislative Districts: 2nd Congressi?nal; 

2nd Senatorial; 2nd Assembiy 
General law city. Population 11,995. Council meets first 

and third Wednesdays of esch. month in Council 
Chambers, City Hall, 203 S. School St, 95482. 

Central Te!ephone: 707462-2971 
Mayor: Hays Hickey 

City Manager: Lye11 C. Cash (Acting) 

0 

Meyor pro Tem, Charles Myers 
Councilwoman, &re Riley 
Councilwoman, Mary Snyder 
Councilman, Ted Feibusch 

Police Chief, David Johnson 
Fire Chief. Kenneth Donohue 

I City Clerk, Hattie M. Tillorson 

'Treasurer,'Ruby Om 
School SuDerintendenr. W. 0. Mumhv c _ _  
City Attorney, Merle Orchard 

CiTY OF U6a18N CITY 
(County of Alameda) 

Incorporated January 26, 1959 
Legislative Districts: 10th Congressional; 

8th Sennrorial; 15th Assembly 
General law city. Population 36,550. Council meets first 

and third Mondays, B O O  pm., in Council Chambers, 

a 

City Clerk, Doreen k. Caipenter 
Police Chief, Coy D. Esteeg 
Fire Chief, Donald F. Justis ... 
Treasurer, Walter F. Reardon . 
City Attorney, Donald E. Maroney 

' 

C11Y OF VACAWLLE 
(Countyof Solano) . ' . 

Incorporared August 9, 1892 
Legislative Districts: 4th Congressional; 

4th Senatorial; 4th Assembly 
General law city. Population 42,500. Council meets 
second and fourth Tuesdays of month in Council 

Chambers. City Hall, 650 Merchanr St., 95688. 
Central Telephone: 707-446-6700 

Mayor: William J. Carroll 
City Manager: Walter V. Graham 

Vice-Mayor, Robert B. Pokorny 
Councilman, David A. Fleming 
Councilman, Bill Maher 
Councilman, John M. Vasquez 
City Clerk, Corinne L. Grannen 
Police Chief, Gary Tatum 
Fire Chief, Dale Gelden 

(County of Solano) 
Incorporated blsrch 30, 1668 

. .  



CALIFORNIA ROSTER 18 1 

Legislntive Districts: 4th Congressiond; 
4th Senatorial; 8th and 4th Assembly 

Chaaerrd city. Population 75,226. Council meeu every 
Monday of month at 800 pm. in Council Chambers, 

City Hall, 555 Santa Clara Srrert, 94590. 
Central Telephone: 707-553-4227 

Mayor: Terry A. Curtola, Jr. 
City ,Manager: Ted A. MacDonell 

\'ice-bilayor, Anthony J. Intintoli, Jr. 
Councilman, Robert E. Keith 
Councilman, Frank R. Castillo 
Councilwoman, Barbara Knndylis 
Councilman, Sidney C. Berry 
Councilman, Fred K. Sibley 
City Clerk, Mildred Watson 
Police Chief, Roland C. Dart 111 
Fire Chief, Bill Patchell 
School Sqeriotendezit, Philip Bowman 
City Artorney, John Powers 

CBTY OF VERNON 
(County 05 Los Angalas) 

Incorporated September 22, 1905 
Legislative Dismcrs: 29th and 30th Congressional; 
24th hnd 29th Senatorial; 47th and 56th Assembly 

General law city. Population 89. Council meets first' 
and third Tuesdays a month in City Hall, 

4305 Santa Fe Ave., 90058. 
Central Telephone: 213-583-8811 

Mayor: Leonis C. Malburg 
City Administrator: Bruce V. Malkenhorst 

' 

Mayor pro Tem, Thomas A. Ybama 
Councilman, Hilario Gonzales 
Cauncilmzn, Keirh K. Kaeser 
Councilman, William M. McCormick 
City Clerk, Bruce V. Malkenhont 
Police Chief, Luis A. Espinoza 
Fire Chief, George F. Bass 
City Attorney, David B. Brearley 

ClTY OF V1C:TBRVILLH 
(County of Sen Bernardino) 
Incorporated September 21, 1962 

Legislative Districts: 37th Congressional; 
16th Senatorial: .34th Assembly 

I General law city. Popularion 14,183. Council meets first 
and third Tuesdays of month at  7 pm. 

at 14343 Civic Dr., 92392. 
Central Telephone: 714-245-3411 

Mayor: Jean DeBlasis 
City Manager: Jnmes%. Cox 

bfayor pro Tem, Don Hand 
Councilman, Terry E. Caldwkll 
Councilman, Robert Dolch 
Councilwoman, Peggy S ~ R O ~  

City Clerk, Paula Porter 
Fire Chief, Rodolfo N. Cabriales 

CITY OF ViLhA PARK 
(County of Orange) 

1ncorporated.January 11, 1962 
Legislative Districts: 39th.Congressional; 

35th Senatorial; 70th Assembly 
General law city. Population 7,375. Council meets third 

Thursday of month at 7:30 pm. in Civic Center, 
17855 Santiago Blvd., 92667. 

Central Telephone: 714-998-1500 
Mayor: Carol H. Kawanami 

City 'Administrator: Maureen Cassingham 
Mayor pro Tem, Robert N. Helton 
Councilman,.Robert E. McGowan 
Councilman, William J. Odlum 
Councilman Wayne W. Silzel 
City Clerk, Carolyn Veregge 
City Treasurer, Harold F. Tipton, Jr. 
City Attorney, Leonard Hampel 

CITY OF VISALlA 
(County of Tulara) 

Incorporated February 27, 1874 
Legislative Dimicts: 18th Congressional; 

15th Senatorial; 32nd Assembly 
Chartered city. Popularion 52,559. Council meets first 

and third Mondays of month in City Hall, 
707 W. Acequia St., 93291. 

Central Telephone: 209-625-6318 
Mayor: Reinold A J e t e s o n  

City Manager: Ted A. Gseblcr 
Vice-M3yor, Berkley R Johnson . ' 

Councilman, Gregory Colliils 
Cone-"man, Bonnel Pryoi . Councilwoman. lane E. Fiala 
City Clerk, Donna Hall 
Chief of Police Operations, Roy Springmeyer 
Chief of Fire Operations, Harold Tucker 
School Superintendent. Roberr Line 
City Atto;ney, Walter McCormick 

. .  
C3TY OF Y!STA 

(County of Sara Diego) 
Incorporated January 28, 1963 

Legislative Dismcts 43rd Congressional; 
38th Senatorial; 76th Assembly 

General law city. Population 35,150. Council.meets 
second and fourth Mondays at 7:OO p.m. 

and first Wednesday a t  7:30 p.m., 
600 Eucalyptus Avenne;92083. 

Mayor: Gloria E. McClellan 
City ManagerMorris B. Vance ' .. , 

Mayor pro Tem, Daniel Carr 
Councilman, Nancy Wade 
Councilman, R. Michael Flick 
Councilman, Lloyd vonHaden 
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City Clerk, Jenn Brooks 
Fire Chief, Harry liaylor 

. School Superintendent, Dr. Jack.Price 
City Attorney, Nancy M. Jones * CITY OF WAFNUB 

ICaunej of b s  hga ies )  
Incorporated January 19, 1959 

Legislative Districts: 35th Congressional: 
33rd Senatorial; 64th Assembly 

General law city. Population 12,360. Council meets 
second and fourth Wednesdays of month at 8:00 p.m- 

in City Hall, 20550 E. Carrey Rd., 91789. 
Central Telephone: 714-595-7513 

Mayor: James Zamary 
I City Manager: Donald Xemp 

Mayor pro Tern, Harvey Holden 
Councilmember, Bertha "Bert" Ashley 
Councilman, William Daley 
Councilman, Joe Hahn ' 

City Clerk, Beverly Shemood 
School Superintendent, Dr. David Brown 
City Attorney, Scott Nichols 

CITY OF 'WALNUT GREEK 
(County of Contra Costa) 
Incorporated October 20, 1914 

Legislarive Districts: 7th Congressional; 
7th Senatorial; 10th Assembly 

General law city. Population 52;730. Council meets' first 
and third Tuesdays of each month a t  7:30 p.m. in 

94596. 
Central Telephone: 415-943-5800 
Mayor: William E. Armstrong 

City Manager: Thomas G. Dunne 

I Council Chambers, City Hall, 1666 N. Main Street, 

- Mayor pro Tem, Bruce ?dartin 
Councilman, James Hazard 
Councilwoman, Margaret W. Kovar 
Councilman, Richard Hildebrand 
City Clerk, Mary Lou Lucas 
Police Chief, Karel Swanson 
City Treasurer, Harley W. J. King 
School Superintendent, Elmo Giulieri . 

CGnT os-" WASCf9 
(County of Kern) 

8, 
Incorporated December 22, 1945 

Legislative Districts: 18th Congressional; 
16th Senatorial; 33rd Assembly 

General law city. Population 9,534. Council meets first 
and third Mondays of month in City Hall, 

764 E St., 93280. 
Central Telephone: 805-758-3003 

Mayor: Robert Rupert 
City Manager: J. David Bates 

Councilman, Paul Neufeld 
Councilman, Jesse H. Winn 

Councilman, Roy M. Johnson 
Councilman, Otis R. Johnson 
City Clerk, Pat Davis 
Police Chief, Robert E. Duke 

CiTY OF WNATEMFBRD 
(County of Stanislaus) 

Incorporated November 7, 1969 
Legislative Districts: 14th Congressional; 

13th Senatorial; 26th Assembly 
General law city. Population 2.700. Council meets first 

and third Mondays of each.month in City Hall, 
320 " E  Street, 95386. 

Central Telephone: 209-87$-2328 
Mayor: Phillip Stine 

Citv Administrator: Henrv G. Hesline - ~ ~~~~~ 

Vice-Mayor, Edith Kirk 
Councilwoman, Thelma Sandburg 
Councilman, Holley Breshean . 
Councilman, Warren Rinehart ' ' 

Ciry Clerk, Leota Collins 
City Treasurer, Zoyce Henderson 
Police Chief, Robert Fulton 
School Superintenden& Marr in Peterson 

- 

GiTY OF ~~~~~~~~~~~€ 
(County ~f Santa- Cruz) 
Incorporated March 30, 1868 

17th Senatorial; 28th Assembly . .  

Legislative Districts: 16th Congressional; . ' 

Chartered city. Population 24,304. Council meets second 
and fourth Tuesdays of each month at7:30 p.m. in 

' City Hall, 250 Main St., 95076. 
Central Telephone: 408-728-6000 

-  mayor: William Johnston 
City Manager: John Radin. 

Councilmember, Vido Deretich 
Councilmember, Betty Murphy 
Counci1member;Ann Soldo 

'Councilmember, Jean M. ~McNeil 
"Councilmember, Charles A. Pdmtag 
'Councilmember, Frank Osmer 
City Clerk, Dorothy Bennert 
Police Chief, AI Williams 
Fire Chief, Vernon Hamilton 
Ciry Attorney, Donald Haile 
Public Works Director, John Cooper 
Planning Director, Bob Ellenwood 
Administrative Services Director, Chuck Cornstock 
Recreation Director, Patricia Donohue 

'Council election 5/12/81 

'CITY bE WEED 
(County of Siskiyou) 

Incorporated January 25, 1961 
Legislative Districts: 1st Congressional; 

1st Senatorial; 1st Assembly 
General law dry. Population 2,983. Council meets 
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second ’Thursday of each month in Council Chambers, 

City Hall, 780 S. Davis .Avenue, 96094. 
Central Telephone: 916938442 

Mayor: Ruth Wagner Aiello 
City Administrator: Lyle W. Larson 

Mxyor pro Tem, D. Evererc Warren 
Councilmember, Tom Mulvihill 
Councilmember, Dino Peruzzi 
Councilmember, William Warren 
City Clerk, Lyle W. Larson 
Police Chief, Charles Byrd 
Fire Chief, Lawrence Hogue 
School Superintendent, John Hines 
City Attorney, J. P. Correia 

“ ClTY OF WEST COVBNA 
(County of LOS Angelas) 

Incorporated February 17, 1923 
Legislative Districts: 26th. 30th, and.35th Congressional; 

Zjth, 26th, and 33rd Senatorial; 
60th. 62nd. and 64th Assembly 

General law city. Popularion 75,000. Council meets 
second and fourth. Mondays of each month in City Hall, 

1444 W. Garvey Ave., 91790. 
Central Telephone: 213-962-8631 . . 

Mayor: Chester Shearer 
City Manager: Herman R. Fast 

Mayor pro Tem, Herb Tice 
Councilman, Kenneth I. Cbappell 
Councilman, Robert Bacon 
Councilman, Forest Tennant 
City Clerk, Helene M. Mooney 
Police Chief, Craig L. Meacham 
Fire Chief, Robert E. McClelhnd 
Treasurer, Yvonne Calmes 
City Attorney, Colin Lennard 

CITY OF WEST&%MSJER 
(Count.! oi Orange) 

Incorporated March 27, 1957 
Legislative Districts: 34th, 38th and 40th Congressional; 
36th and 37th Senatorial; 71sg 72nd and 73rd Assembly 

General law city. Population 70,000. Council meets 
second and fourth Tuesdays of each month at 730 pm.  

in Council Chambers, 8200 Westminster Ave., 92683. 

Mayor: Kathy Buchoz 
City Adminimator: Carl E. Berry 

b Central Telephone: 714-898-331 1 

Mayor pro Tem, Evar Peterson 
Councilman, Goinn “Gil” Hodges 
Councilman, Canner Collacott 
Councilman, Elden F. Gillespie 
City Clerk. Mary Lou Morey 
Police Chief, Jack Shockley 
Fire Chief, W. E. Knowles 
City Attorney, Paul Morgan 
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CITY OF wEsTh3aRMi’AD 
(County of imperial) 

Incorporated June 30, 1934 
Legislative Districts: 43rd Congressional; 

38th Senatorial; 75th Assembly 
.General taw city. Population 1,417. Council meets first 

and third Wedoesdays of month in City Hall, 
355 S. Center St,, 92281. 

Central Telephone: 714-344-3411 
Mayor: Ron Rodriquez 

Councilman, Raul Rodriguez 
Councilman, H. D. Graham 
Councilwoman, Paula Riley 
Councilman, Joe R. Reyna 
City Clerk, Nadine K. Hale 
Police Chief, George Wallet 
Fire Chief, Andy Brown 

. .  
Treasurer, M. A. Graham . .  
School Superintendent, Ben Randi . I  

GlJY OF WHEATLAND 
(County of Yuba) 

Legislarive Districts: 1st Congressional; 

General law city. .Population 1,480. Council meets E m  
Monday of month in City Hall, 3 13 Main St., 95692. 

Central Telephone 916-633-2761 
Mayor: Frank D. Chamberlain 

Incorporated April 12, 187.4, . 

1st Senarorial$rd Assembly . .  

Vice-Mayor, John C. ‘Fleace 
Councilwoman, ‘Margaret A. Luyster 
Councilman, Juanita h4. Neyens 
Councilman, Kenneth Kesterson 
City Clerk, Helen J. Rose 
.Police Chief, Kee Han Ha  
‘Fire Chief, Karl Nichols 
Trea:.? er, Gladys H. Williges .. 
City Attorney, Phillip F. Mohr 

ClTY OF. WHITTIER , , 

(County of Los Angalas) 
Incorporated February 25, 1898 

Legislative Districrs: 33rd Congressional; 
33rd Senatorial;.59th. 63rd and 64th Assembly 

and third Tuesday afrer first Friday of month in 
Council Chambers, City Hall, 

13230 Penn St., 96062. 
Central Telephone: 213-698-2551 

Mayor. Victor Lopez 
City Manager: Thomas G. Mauk 

Chartered city. Population 71,199. Council meets fir% . . 

?-dayor pro Tem, Robert Henderson 
Councilman, Lee Strong 
Councilman, Myron Claxton 
Councilman, Jere E. McDonald 
City Clerk-Trensurer.’Jenny Young 
Police Chief, James F. Bale 
City Attorney, Robert Flandrick 
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CBfV OF %VN.L1AM\AS 
(County of Calusa) 

Incorporated May 10, 1920 
Legislative Districts: 4th Congressional; 

1st Senatorial; 3rd Assembly 
General law city. Population 1,571. Council meets first 

and third Mondays'of month in City Hall, 
810 E St., 93987. 

Central Telephone: 916-473-14?1 
Mayor: George'D. Rollins 

Councilman, Nancy Manor 
Councilman, Gary J. Davis 
Councilwoman, Kay K. Nordyke 
Couucilwoman, Emma 6. Mock 
City Clerk, Zelna Lee Morrow 
Police Chief, Richard H. Kolds 
Fire Chief, Tom Bascochea 
City Attorney, Kenneth A. Wilson 

CITY OF WILLITS 
(Couniy.oi,Mendocino) 

Incorporated November 19, 1888 
Legislative Disuicrs: 2nd Congressionsl; 

2nd Senatorial: 2nd Assembly 
General law city. Population 4,420. Council meets 

secoud and fourth Wednesdays of month in Council 
Chambers, City Hall, 111 E. Commercial St., 9j490. 

Central Telephone: 7074594601 
Mayor: William L. Schrage 

City Manager: George W. Gardner 
ViceMayor, R. Wayne Bashore 
Councilman, Wilma L. Sweazey 
Councilman, Patricia L. Kearney 
Councilman, Robert Comings 
City Clerk, Frances Helton 
Police Chief, Gerald Konoske 
Fire Chief, David Thomen 
Treasurer, Robert Fry 
School Superintendent, Harold 6. Engstrom 
City Attorney, James F. King 

I R M A  ROSTER 

Fire Chief, Bradley H. Mallory 
Treasurer, .Debbi Fonseca 

GJTY OF WBLLOWS 
(County of Glenn) 

Incorporated January 16, 1886 
Legislative Districts: 1st Congressional; 

1st Senatorial; 1st Assembly 

Second Tuesday of each month in Civic Center, 
201 N. Lassen St,, 95988. 

Central Telephone: 9169347041 
Mayor: Ernest Matluck 

City Manager: Russell L. Melquist 

' General law city. .Population 4,715. council meets 

Vice-Mayor, Stephen J. Rath 
Counci~woman, Barbara Fleming 
Councilman, Jim "Jake" Jacobs 
Councilman, R. B. Saint-Evens 
City Clerk, Kathryn H. Lewis 
Police Chief, Joseph E. Barnen Jr. 

ClSY QF WlMTERS 
(County of Yolol 

Incorporated Febriary 9, 1898 

4th Senatorial; 4th Assembly 
General law city, Populition 2,648. Council meets first 

and third Tuesdays of month in Council Chambers, 
City Hall, 318 First St., 95691. 

Mayor: Jack J. Losoya 

. Legislative Districts: 4th Congressional; 

Vice Mayor, J. Robert Chapman . .  
Councilman. John R Martin 
Councilman, John Kammercr 
Councilman, Jack L. Atherrou 

Police Chief, Steven C. Godden 
Fire Chief, Vernon C. Bruhn '. 

School Superintendent, Jack Graf 

City Clerk, Gale A. Bruhn .. 

CITY OF VVC30DLAKE 
(County of Yulare) 

Incorporated September 23, 1941 
Legislative Districts: 17th Congressional; 

11th Senatorink 31st Assembly 
General law city. Population 5,413. Council meets 

second and fourth Mondays of month, 200 pm., in 
City Hall, 350 N. Valencia Blvd., 93286. 

Central Telephone: 209-5M-8055 

City Manager: Dolph Frisius 
Mayor: Bill Diamond I 

. .  
Councilman, Norman McCoy 
Councilman, Joseph Lapp 
Councilman, Robert Johnson 
Councilman, Jesse Reynoso 
City Clerk, Ruth Gonzala 
Police Chief, Raymond Skerry: . ' 

'CITY OF WOODLAND 
(County of Yolo) 

Reincorporated March 21, 1874 
Legislative Districts: 4th Congressional; 

4th Senatorial; 4th Assembly 
General law city. Population 29,814. Council meets first 

and third Tuesdays of month at  230 p.m. in Council, 
Chambers, City Hall, 300 Firs Street, 95695. 

Central Telephone: 916-662-j416 
iMayor: Harry 0. Walker 

City Manager: Thomas A. Peterson 
Councilmember, Daniel Parr.ish 
Councilmember, Dudley R. Holman 
Councilmember, Darlene Jamcson 
Councilmember, William Keller 
City Clerk, Jean Winnop 
Police Chief, William Colstou 
Fire Chief, AI Feuersrein 
Treasurer, John Dark 



CALIFORNIA ROSTER 185 . 
City Attorney, David T. Romney 
Finance Director, John Dark 

second and fourth Tuesdays of mch month at 200 p.m. 
in Town Hall, 6550 Yount Street, 94599. 

Central Telephone: 707-944-8851 
?flayor: Thomas Jordan 

Town Administrator: Jon A. Lander 
TOWN OF WOODSIDE 

(County of San Nlateo) 
Incorporated November 16, 1956 

Legislative Districts: 12th Congressional; 
10th Senatorial; 20th Assembly 

General law city. Population .5,151. Council meets 
second Tuesday of month at 7:3G pm., 

315 j  Woodside Road, 94062. 
Central Telephone: 415-851-7764 

Town IManager: Robert E. Myers 

Mayor pro Tem, Donald R. Schmitr 
Councilman, Earl Arnold 
Councilman, Stephen Bardessono 
Councilman, Warren iUelson 

' Town Clerk, Frances E. Field 
Town Treasurer, Mrs. Barhara J. Dulinsky 
Town Engineer, Jon .A..Lander 

Mayor: Allan Newlands CITY OF YWEKA 
(County of Siskiyou) 

Incorporated April 21, 1857 
Legislative Districts: 1st Congressional; 

1st Senatorial; 1st Assembly 
General law city. Population 5,929. Council meets first 

and third Thursdays of month in City Hail, 
701 Fourth Street. 

Centrd Telephone: 916-8424386 
Mayor: James W. Eckman 

City Manager: James L. Dillon 

.Mayor pro Tem, Melvin Yocum 
Councilman, Robert S .  Burgess. 
Councilman, Stanley Golden 
Councilman, Robert Kirkwood 
Councilman, Allan Newlands ' 

Councilwoman, Joan Stiff 
Town Clerk, Joan Olson 
Fire Chief, Richard Figoni 
Treasurer, William Jackson, Jr. 
School Superintendent, George W. Sellman, Jr, 

Mayor pro Tem, Robert J. Ohlund 
CITY OF YQWBA LINDA . . Councilwoman, Edna Barr  

- Councilman, James W. Eckman. 
Councilman, Donald Pierce 
Councilman, Ronald Black 
City Clerk, James L. Dillon 
Police Chief, William E. Duncan 
Fire Chid, Deane Jefferson 
Treasurer, Jay F. Gamsby 
City .Attorney, Larry Bacon 

.(County of Orange) 
Incorporared Wovember. 2, 1967 

Legdative Districrs: 39th Congressional; 
35th Senatorial; 70th Assembly 

General law city. Population 29,150. Council meets first 
and third Mondays of month at 630  p.m.. in the 

Yorba Linda School District Offices, 
4599 Casa Loma Avenue, 92686. 

Mayor: Irwin M. Fried 
City Manager. Arthur C. Simonian 

. . 

Central Telephone- 714-524-5000 ' -  CITY OF YUBA CITY 
(County of Suttar) 

Incorporated January 23. 1908 
Legislative Districts: 4th Congressional; 

1st Senatorial; 3rd Assembly 

and third Mondays of month in City Hall, 
I201 Civic Center Bldg., 95901. 

CentralTeiephone: 916-674-1210 
Mayor: Charles Pappageorge 

City Administrator: Dwane iMilnes 

Councilman, Robert McRobem 
Councilman, Rob Crnmwell 
Councilman, Henry W. Wedaa 
Councilman, J. Todd Murphy General law city. Population 18,770. Council meets first - . 
City Clerk Dianna M. Higdon 
Police Chief, Donald Fnrkus 
Fire Chief, Carl Downs 
School Superintenden? Sterling L. Fox 
city Attorney, Leonard Hampel 

Councilman, Tom Pfeffer 
Councilman; Lawrence Mark 
Councilman, Joseph Fraser 
Councilman, Ronald Souchard 
City Clerk, AI Johnson 
Police Chief, Ismael Flores 
Fire Chief, Chuck Lowden 
Treasurer, Jack Kum 
City Attorney, John Sanbrook 

TOWN OF YQUNWiELE 
'(County of Napa) 

Incorporated February 4, 1965 
Legislative Districts: 2nd Congressionalf 

4th Senatorial; 8th Assembly 
General law city. Population 2,949. Council, meets 
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by Lorne G. Everett, Edward W. Hoylmon, 
L Graham Wilson and Leslie G. McMillion 

I 
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i 
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f Traditional monitoring methods using chemical 
[~ analysis of ground water samples to detect pollutant 
t.. 

migrationare beingsuperseded or used inconjunction 
;> F: 

wiihinnomtive appr0aches.A need to detect pollutants 
2% 1 _.before they reach thewater table has drawn interest to cB vadose (unsaturated] zone monitoring and brought 
7 i:: togetherhydrogeologists.soi1scientistsandagricdtclral' 
$. engineers who have been working on this subject for 

.~ 

Abstract 

$z years. 
- Recentstudies have identified over50 different types 

, ._  tq.ingtodefinestorage.transmissionofliquid waste in 

.i- . .~ 

?? .. 
.. -% .. 
i 

of vadose zone monitoring devices and methods4hat 
have optimum utilityinmrying hydrogeologicsettings. 
In general. measurements made in the Ladose zone are 

.*; - terns of flux and velocity. and pollutant mobility: 
Criteria for the selection of alternative vadose zone 

.. monitoring methodsare important for the de\-elopment 
Of site-specific systems. These criteria include: type of 

- -.i - .  . site: applicability to new, active, and abandoned sites: 
..: . powr requirements: depth limitations: multiple use 

:.*- - apability; type ofdatacollection system; reliability and 
. -. : life eWctancy; degree of operational complexity; direct 
. '  ;-//' v x j U S  . . indirect methods: applicability to alternate - media. erect on flow regime; and effect of hazardous 4 ~~as;eOnsamplingormeasurements.ApplicationoTthe 
- .  seletion Criteria is discussed in Everett et al. (1982al. 

T - '  Vadose Zone 

:, 
- -. 

' .  r 

.-.. 

.. -. . . 

. .  
: . The vadose zone is the geological profile from the 
25: P u n d  surface to the upper surface of the principal 

F.r -tion showing the vadose and saturated zones. The 
te~' ' ' .xIose z0ne"ispreferable to the often-used term 

:. -Li 'Jnsrurated zone" for this region because saturated 
mnditlons are frequently present. The t e rn  "zone of 

___- . --  .+I xm; bearing strata Figure 1 is an idealized cross _. 
- *,"... - .~ .- 

also often used as a sponym for vadose 
-. . ... 
;- ' zone has been subdi\ided into three . ' e l o n s .  dffijinated as the soil zone, the intermediate 
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vadosezone,and thecapillaryfringe(DavisanddeWiest 
1966). Weathering ofnativegeological material. together 
with the process ofeluviation and illuviation olcalioidal 
materials. to develop more or less well-developed soil 
profiles is generally recognized to take place and thus 
defines the limits of rhesoil zone. Water movement in  
the soil zone i s g e n e d y  in the unsaturated state. i.e, 
that state inwhich thesilnatereuists underpressures 
that areless than atmospheric.Theprincipal transport 
mechanisms associaredwith unsaturated floware infil- 
tration. percolation redistribution and e\aporation 
Saturated regions may develop in the soil zone in 
response to surface flooding. especially in soils that 
contain horizons oflowpermeability. Alarge numberof 
monitoring methods for the soi l  zone have been com- 
piled by Black (1965) in a two-volume set entitled 
"Methods of Soil Anaiysis." 

The soil zone gradually merges wi th the underlying 
intermediate \ado% zone through a transition from 
weathered to generally unweathered native material. 

VADOSE ZONE 

i AERATION ZONE OF 

1 
Figure 1. Idealized cross section Of Vadose and ground 

water zones 
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- . 
- Figwe 2. an alluvialbasin in California.shows that the Ti' intermediate mdosezoneis rarelyuntfom throughout 

hsome regionsit maybepracticallynone~stentwhen 
' 1' soils merge directly with bedrock Water movement 

i through the intermediatetadosezonehasbeenstudied 
i by MckVhorter and Brookman (1972). Wilson (19791 

rovides additional information and references regard- 
g the intermediate badose zone. 
m e  base of the vadose zone. the capilliry fringe, 

i mergeswithundertyingsaturatedmaterialoftheprinci- 
' pal waterbearingformation.Thiszone is not character- 
! ized as much by thenatureofgeologid materials= by 

the presence ofwater under conditions ofsaturation or i nea-saturation.Ingeneral. the thicknessof the capillary 
' fringe is greater in fine materials than in coarse 

deposits.Transient flow in thecapillaryfringe has been 
investigated by7hylorand Luthin (19691. 

The thiclcnessofthe~adosezonewillnot necessarily 
be constant as shown in Figure 2. 'Pumping from the 
principal \%ater bearing formation will lower the water 
table and modi@ the overall thickness of the zone of 
aeration. Conversely. waste disposal operations com- 
monly create a mound throughout the capillary fringe 
reducing the thickness of the vadose zone. 

.Monitoring in the Vadose Zone 
Monitoring in the saturated zone utilizes well- 

defined techniques familiar to hydrologists, geologists. 
and engineers. Hydraulic conductivity (permeability). 
storage coefficient and specific yield are parameters 
derived from welt tests that define aquifer chamcteris- 
tics. Pumping tests provide adequate information to 
assess the storage and water movement through the 
formation. Chemical analysis ofground water samples 
generally completes therequired information needed to 
ssess the condition of the aquifer. In the vadose zone. P here a large percentage of the flow is unsaturated. 

standard pump tests cannot always be used although 
researchers are stilt interested in similar parameters. 
i.e. storage. transmission of liquid through the strata. 
and chemical characteristics or pollutant mobility-A 
wide variety of alternative methods are used to derive 
infomation on theseladose zone characteristics.Table 
1 gives alternative sampling methods and equipment 
used to define iadose zone characteristics along with 
constraint cat:gories discussed by Everett et al. ( 1982al. 

Categories of Vadose Zone Monitoring 
Tec'nniques 

Vadose zone monitoring techniques, i.e.. collecting 
data on storage, transmission of fluids, and pollutant 
mobility, can be arbitrarily divided into two categories 
based on whethersample material is removed from the 
test location. Sampling methodscan obtain eitherliquid 
or solid material. Evtraction techniques of pore nuid 
from soil samples is dependent on whether inorganics. 
organics. or microorganisms are under investigation. 
Liquid sampling methods are dependent on whether 
fluidis taken from thesaturatedorunsaturated regions 
of the Ladose zone. A detailed discussion of sampling 
techniques is given in Wilson (1979). 

Non-sampling methodsdo not remove material from 
the test location and therefore provide indirect indica- 
tion of the Ladose zone characteristics. They include 
urface and downholegeophyz.ical methods, numerical. 

d water budget-type techniques. These methods can 
r-subdivided. dependingon thespecific property ofthe 

vadose zone that is beingstu?ied.Alternative methods 
for determining salinity. infiltration rate. f l u .  and 

rb 

,-HYOROGRAPH 

Figure 2. Cross section 'hougfr the vadose zone a d  
ground water zone (Aye:s und Bramn 1973) 

velocity, using non-sampling techniques. are given in 
Everett e t  aL (1982bl. 

Constraints on the OpraLion of Suction-tppe 
Sampling Devices 

Factors that afTect che operation of suction-type 
devices may be grouped as follows: (1) soil-physical 
properties. (2) hydraulic factors, (31 cup-waste water 
interactions. and (4) climatic factors. Specific con- 
straints in each of thesecategories are summarized in 
Table 2. 

Physical Properties 
Soil texture refers to rhesize distribution ofconstitu- 

ent particles. Le. gravels sand. s i l t  and clay. Successful 
operation of suction samplers requires continuity of 
pore sequences in the cup wit\ those in the surround- 
ingmatrix. When soils areve~coarse. particularlywhen 
gravels are present e~5uring good contact between 
the cup and the finer pore sequences may be difficult 
and the flow continuum may be destroyed. To ensure 
contact under such conditions. the usual,pmedure is 
to place thecup inasegrnentofanaugerholefilledwith 
silica flour. 

Soilstructure refers to theaggregationofthe t e x t u d  
unitsintoblocks.Awell-strucruredsoi1 has twodistinct 
flow regions for liquids applied at the land surface (11 
through the cracks between blocks. Le. interpedal flow. 
and (2) through the finer pore sequences inside the 
blocks. i.e. intrapedal flow Simpson and Cunningham 
(1982) have shown that rapid flow of waste water 
through interpedal cracks may lessen the renovating 
capacityofthesoil becauseofieducedsurfaceareaand 
contact face. Similarly. because of the rapid flushing of 
pollutants through largerinterconnectedsoilpores. the 
movementof.suchpol1utant.s into the finerporesofthe 
soi l  blocks may be limiced. Eecause suction-cup sam- 
plers coiiect water from these finer pore sequences. the 
resultant samples \\ill not be representative of the bulk 
flow. Thus. Shaffer e t  all I19791 concluded that 
". . . surface installed. porous cup soil water samplers 
are unsuited to test leachate water composite when a 
highly structured soil ij kept in a state of high water 
con tent" 

A similar problem 2riises when suction cups are 
placed in fractured media or in a material containing 
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Table 1 

Summcny. vadose zone monitoring techniques--sampling methods 

CO 
of 
O t  

in 
CG 

91 
aJ 
53 
rc 

R 
P 
a 

d 

G 

0 

c 

. hltIIttl?y Datacollection Cnntinuous , 
1 ,  74pe Of POUW 

sik Applicability requirements Depth limit c a p b t y  system =WW 
ProPerry MW old Lab Field ac d;Eng % surf. <3Mt>3OR S a p  31- 5lan Auto Remote Yes NO 

bUutanl Mobility 
I. Chemidlmicrabial Pmpenles 

a 
wdliquid uasles in unsat legion 
A Solids amples.'cxlraction of 

pare fluid - 1. Obtainingsalidssamplrs .. 
a Hand auger . .  . . .  WA N!A NfA NJA NJA 
b. power auger . .  . . N!A N!A NIA NIA NIA 

b. Fldd sal. c Y l r a C L  . .  . . ? N/A NIA NIA N!A NIA NIA N:A 
c. Lab sat e m a c t  . .  . . . N/A H/A N!A N/A NIA N/A NIA 

2 ~bla in ingsolu t lonsmpies  
a H>draulicsqwerer . .  . . . N/A H/A N/n NIA NIA NIA NIA 

B. h.~ i tu  pare \\atersamples 
I. Lysimerers\ac oper . . . . .  . N/A N:A NIA 
2 Lysimeters \ac pres . . .  . N/A N,'A N/A . 
3. Lysimeters high-prps >sac . *. . N:A N:A NfA . 
4. Filler candle . . .  . N!A N!A NIA 
5. muow fiber fillers . . .  . .  . N'A N!A NIA s 
6. hlembrane fillers . . .  . .  . N . 3  N.'A NlA 9 

11. Chemicallmlcrabial propenis 
wniquid tiastes In sal. regions 

" A'lnlegnted samples 
1. \\'euS . .  . .  s .  . NlAN:A NJA 
2. ~ouection pans . .  . .  . . .  . N!A N:A NIA 
3. Tile O*fflOW . .  . . . . .  N/A N:A N/A 

I. m n k  s inpies  
2 Mulri led  sampler . .  . .  . . N:A N.!A N!A 
3. Piaomelen . .  . . . N!A N.'A N;A 

E. Rpthur iu  samples . .  . .  . . . .  N!A N:R NIA - 

Reliability m m o n  mrctor 
sample and life I X g r r e O f  Eirecw now haz aaste 

ia - Vol -cmcy complexity iildimt Media leaan rypeonw 

ProPerry minrnii Bdk cood Wesr simple Comp Dir kLd Pornus fmct Yes So Yes No 
bUutan1 hbbllily 
1. Chcmirallmicrabial pmperties .- u;/llquid u-asles in UnSat region 

A Solids samplslexlnclion dl  

1. ~tainlngsolidssamples 
pare nuid 

a Hand auger . . . . . . .  . 
b. burr auger . . . . . . .  . 
a Qdnulic squener . . . . . . . . .  2 Obtaining solullon samples 

b. Fleid sl. eTtrac1. . . . . . . . . 
C lab sal. extnet . . . . . . . . 

5 In-sliuporeuatcrsamples . I. L)'simeters. w'dc oper . . . . . . .  . 
2 Lysimelcn. \ac pres . . . . . 9 .  . 
3. Lysimelers. high-pres E.C . . . . . . .  . 
4. Fillercandle . . . . . . .  . . . . . . . .  . 
6. Membrane nllers . . . . . . .  . 5. HOUOW ribernlien 

11. Chemlcallmlcrobial propenies 
Wlliquid ui15les In SL regions 
A Inlegraid samples 

. 

1. \\ws . . . . . . .  . 
2. CoUr.xlo" pans . . . . 3 .  . 
3. Tllc oufflaw . .  . . . . . . 
I. Pr& s a n p i s  . . .  . 

. . .  
B. &pth\rlr samples . . . . . . . . 2. Mullllr\d sampler . . .  . 
3. Piemmeten . . . . . . .  . 

* /  
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Table 2 .-.-;.; , 
- . I  ", 

i . Fado& limiting the operdon of sudion-type s&pling devices 
CUPW25tCaatp 

. ,! 
i 

Soil physical properties Hydraulic factors interactions climaticfaaon 

I. Contact behveen cup I .  1; highly structured 
and soils difficult to soils and fractured 
maintaininverycm material. the composi- 
textured soils k.g. Uon of fluid in cracks 
gra\Ylsl. maydifferfrom that in 

pores. Cupssample oniy 
from small pores. Con- 

.sequenUy, cup samples 
may not be representa- - Uve of -average- fluid. 

1. Samples cannot b e .  1.Solidsmo~ingYfrhnuid I. In frozensoilsthe ten- 
obtainedwhensoilsdly may plug cups sion of unfrozen water 
to the point that soil- 2. Bacteriamyplugcups lsgmterthandrentry 
water suction is great 3.Trace m e a s  may be value ofcups 
enough to allow air to attenuateddwingflow 2 In freezing-thawing 

soils.theunitmyshift entercupswhenapply- through cups 
ing racuum. in the p d i e  and I= 4. Sorption ofw4-h' my 

2. Forverywetconditions occur. contacL 
fluid will mow more 5.Sorptionofwxneorg% 
rapidly In layer pores Ics (e.g. chlorinated _ _  
and crack &cause of hydrocarbons1 may- 
time lag. ample for Dccur. 
cups maynotberepre- 
sentalive. 

solution cavities. For these cases, high flow velocities 
through conducting channels may drain solutions 
before the cups can obtain a representative sample. 

Hydraul ic  Factors 
ItiswellestablishedlEverett 19811 that suction-cuo ~... .. 

samplers fail as  the soil-water suction increases to the 
point that air bubbles enter the cups. The soil-water 
pressure equivalent to this point is about -0.8 bar. In 
practice, however.manyunitsfai1 atapressureofabout 
-0.5 bar. This appears to be a serious limitation in 
operating suction samplers. However, as Hillel (1971) 
pointed out'Though thesuction rangeof0 to 0.8 bars 
isbut asmall part of the total range of suction variation 
encountered in the field. it genelally encompasses the 
greater part of the soil wetness range." 

Also, as  noted under soil physical properties. when 
)waste water is applied to a well-structured soil. the 

initial flow velocity'may be quite high. Consequently. 
samples collected from cups installed within soil.peds 
may notbe representative of the bulk flow a t  that time. 

Cup-Waste W d e r  Interactions 
An ini tial concern with lysimeters was that plugging 

may occur with time. limiting their effective lifetime 
1U.S.EPA 19801. In fact. this was the principal reason for 
not rwommTndingsuction samplers for monitoring at  
hazardous waste landfills and impoundments. John- 
son.Carhmight,andSchullerl1981lconductedlabora- 
tory studies to evaluate the plugging of suction lysi- 
meters with particulate matter in landfill 1eachate.They 
noted a distinct loss in yield from samplers in direct 
contact with 1eachate.Aconcomitant decrease in yield 
ofidenticallysimetersplaced beneath alandfill was not 
obsenred. however. Apparently, particulate matter mov- 
ing through the soil profile 'is filtered out before 
contacting the cups. 
. Dazzo and Rothwell (19741 conducted laboratory 

studies to determine theextent to which fecal coliforms 
are strained during suction-cup sampling. They ob- 
senyd a 100- to 10.000.000-fold reduction in fecal coli- 
form in manureslurryduringsampling. and 65percent 
of the cups yielded coliform-free samples. Dazzo and 
Rothwell concluded that ". . .. porcelain cup watersam- 
plers do not.yield valid la ter  samples for fecal coliform 
analvses." 

Tsai et al. (1980) conducted laboratory studies to 
'determine theattenuation oftrace metals during mow- 

ment of liquid through ceramic cups. They observed 
.that nickel. copper. zinc. iron. manganese. and lead 

were consistently reduced by 5 to 10 percent during 
percolation through cups. Wagner (19621 found that 
NO,-Nwas notadsorbed by cupsbut sorp t ionofw-N 
did occur. Hansen and Harris (19751 found evidence 
that phosphorus uas strongly adsorbed by cups  but  
concluded that sorption is  only serious when ". ~. the 
ceramic sorptive capacity is significantly greater than 
that of the adjacent SOL" 
Because a majorconcern at land treatmentaras i s  the 

fate of organic pollutants, the effect of organiccup 
interactions on sampling results is of paramount 
importance. According to Morrison and Tsai (1981). 
"Laboratory studies by Tsai et aL (1980) found that 
several pesticide species were substantially reduced 
when leached through a 0.32 cm thick ceramic cup 
with a pore size of 2.5 micron. Concentrations of the 
chlorinated hydrocarbans pp DDD. pp DDE;and pp 
DDT" were reduced 90 percent 70 percent and 94 per- 
cent respectively." 

Climcrtic Factors 
A major factor limiting the operation of suction 

samplers (and tensiorztersl in frozen soil is that the 
soilwatersuction isabout-0.8bar.Thismeansthat the 
air entry value of the cups is evceeded and samples 
cannot be obtained.Anothereffect offreezing tempera- 
tures is that some soils tend to heave during freezing- 
thawing. Consequently. suctioncup samplers may be 
displaced in that soil profile. resulting in a break in 
contact. Another und&rnented pmblcm chat conceiv- 
ably could occur is freezing of samDIrs within the CUDS 
p&ludingbringing thern'lo the s&face. In additio;. if 
thecupsarefullwhenfmzen.thec~smaybefiadured 
during e.xpansion of the freezing liquid. 

Flowdocity in porous media is inverjeiyrelated to 
theviscosityofthe fluid moling in thepores.An increase 
in temperature of a waste \Later. e.g. by hot ambient 
temperatum.would consequentlyincrease the flow rate 
in soils a t  a disposal site. If the flow rate is excessive. 
suction samples may not obtain a true sample or the 
bulk fluid because of time lag effecb. 

Alternative Methods for Vadose Zone 
Sampling 

When constraints limit theuse ofsuction-type sam- 
pling devices. three alternatives are suggested for com- 
piling data in the \ado% zone. These are 111 soil sam- 
pling. I21 sampling at  the water table. and [3) Lapor 
sampling. 
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The recently issued standards for land treatment 

to sampling pore fluids directly by suction sampling 
&\ices. Consequently. if these devices Cannot be used 
for some reason, conducting SOU sampling as carefully 
as possible is all the more important The major disad- 
~anta~eofsoilsampling,ho~ever.isthatitisessenUally 
a destructibe method: the same location cannot-be 
resampled as with suction lysimeters. Consequently, 
delineating changes through time'in constituents of 
interest is difficult Since samples are required only 
from a relatively shallow depth. sampling can be carried 
out using hand augers or simple power equipment 
-mbe-type augers have been used extensively for soil 
sampling. The Veihmeyer tube i s  an e a p l e  of a tube 
samplerusedbysoi1scientists.E.RdeVera etal.(1980) 
suggested using Veihmeyer tubes (Figure 3) when 
sampling for hazardous waste constituents. The end of 
the steel tu6e is beveled and sharpened to facilitate 
insertion into the soil. Adrive hammer is used to force 
the tube to the desired depth and an intact core is 
obtained. Another technique is thesocalled "dry tube" 
method developed by Dunlap et al. (1977). This method 
consists of augering a hole to the desired depth and 
forcingadry tube core sampler into thesampling region. 
Contamination problems are avoided because drilling 
fluid is not used. Care in sample storage and presena- 
tion is important to prevent loss or dissipation of con- 
stituents of interest, especially when sampling for 
organics. Fenn et al. (1977) describe techniques for 

- %  (I . areas (US. EPA 1982) specify soil sampling inaddition 

. - 3  .&-I . .. , *.;s -_ . . Madison. Wisconsin 
B o .  TH. and TL Lay- 1978. E&ciion of Sd&uubn 3 

using a simple centrifugation m e t h d  for possible2 
adsorption - desorption studies. J. SOU Sci. SCC:~ 
h e r . .  v. 42. pp. 37Z-377. .f$ 

Davis,S.N.and ItlhLdeWiest 1966.Hydrogealogy. John4  
WiJey and Sons Inc Xew York 

Dazzo. F.B. and D.F.RothwelL 1974.Evaluatlonofporce-~ 
lain cup samplers forbacteriological sampling.App. -5 

.< .s" 

extracting pore water from unsaturated soil. including 
a hydraulic squeezer. Dao and Levy 11978) describe a 
simple centrifugation method for extracting soil solu- 
tion in the laboratory. Extraction of volative organics 
from undisturbeil soil cores required displacing pore 

the displaced gas with a gas chromatograph (GCl. 
Many proposed and existing land treatment areas 

are probably in regions where water tables are in close' 
pro.ximity to the lower limit of the treatment zone. For 
such sites, shallow well installations are highly recom- 
mended to permit sampling near the water table. Such 
samples will represent fluid that has passed through 
the vadose zone.The preferred method is the multilevel 
sampler, developed by Pickens et al. (1978) (Figure 4). 
This sampler is particularly advantageous in that shal- 
low plumes can be easily identified bylocating sampling 
ports a t  staggered intervals beneath the water table. In 
addition. oorts can be included above the low water 

gases with an inert gas. such as helium. and analyzing .* ' 

- 

table level i o  facilitatesampling during periods ofwater 
table rise. and alsogas sampling.AU-metaI construction 
should be employed instead of the usual PVC to avoid 
interference when sampling for organics. 

-Finally. a t  sites where volative organics are being 
disposedof. instailingscreened wellpointsbeneath the 
treatment zone to collect soil gas samples maybe desir- 
able: (This approach may be desirable even when suc- 
tion lysimeters cannot be used.) Multilevel samplers. of 
allmetal construction to avoid conkimination.can also 
be used to collect soil gas samples. Gas samples can be 
analyzed directly in the field usingportable'GC units. 
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SECTION I l l  
MONITORING IN THE VADOSE ZONE 

I NTRODUCSl ON - 
I oproi i 

The topsoil is the region that manifests the eff-cts of weathering of geo- 
logical materials,  together with the processes of eluviation and.illuviation 
of colloidal materials, to form more or less well developed profiles (Simon- 
son, 1957). ' Water movement in the topsoil usuzlly occurs in the.unsaturated 
state, where soil water exis ts  under less-than-atmospheric pressures.  The 
physics of unsaturated, soil-water movement have been intensively studied 
by soil physicists, agricultural engineers, 2nd others. Copious l i terature 
i s  available on the subject in periodicals (Soil Science .Society of America 
?roceedings, Soil Science, and Journal of Environmental Quality) and text- 
books (Childs, 1969; Ki rkham azd Powers, 1972). Satcrated zones may de- 
velop over horizons of low permeability. A nurnber of books are arailabie ,,;. 
'on the theory of flow in,perched water tables (Lutiin, 1957; van Schilfgaarda, 
1974). Soil chemists and s o i l  rZcrobiologists have also attempted to q u a -  
tify the chemical-microbiological transformations during soil-water rnovz- 
ment (Rhoades and Bernstein, 1971; Dunlap and McNabb, L973). ' ' 

.. 

. -  

Vodose Zone 

Weathered materials of the topsoil gradually merge with underlying ma- 
terials Such a s  igneous or met&-morphic rocks, alluvi11m, lake deposits, 
eolian deposits, or lacustrine beds. The region beneath the topsoil and 
overlying the water table, where water exists primarily in the unsaturate6 
state, is known as the vadose zone. Perched water tables .may develop 
above interfaces between layers  having greatly difierent textures.. Saturated 
conditiorS m-ay also develop beneath recharge sites as a result of prolonged 
infiltration. 
in the topsoil, parallel studies in the vadose zope have been few. 
(1942) coined the te rm "no-mzn's land of hydrology" to describe the limited 
howledge  of this zone. 

In contrast to the large nu-mber of studies on water .movement 
Meizqer  

Monitoring Techniques 

Dent and wilter quality in  the. topsoil. Detailed descriptions, specifications, 
2nd methods of many of these techniques were compiled in American Society 

A number of techniqces have been developed f o r  monitoring water mo-ge- 

, . 

. . .  
. .  
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of Agrosomy ?donograph KO. 9, ":v!ethocis of Soil Analysis" (Black, 1969). 
hbnitoring in the vadose % o l e  rc-qilires an exteasion o i  topsoil msaitoricg 
technology. 
Apgar arrd Langmuir ( 1 9 ? i ) ,  io r  example, successfully used suction cups, 
developed fox sampling s o i l  solueons, to sample at depths up to 50 feet be- 
low a sanitary landfill. 
and the storage capacity of the materials above the wzier table. 

Exra+mples ai-e availzbie where tics approach has been used; 

Of prl-mzry interest  a r e  flow-,rates b the water table 

Water Conien: 

Soil and underlying geologic materials consist'of a solid and porous ma-  
. . trix. Porosity is 2 measure  of the amotict of water which could be s b r e d  by 

the m-aterials under saturated conditions. 
sented by i t s  water content (on 2 dry  weight basis) at a certain t i h e  after the 
.initiation of drainage foollowing sa irrigatiooIl cycle (Peters ,  1965). The defi- 
nition of specific retention for geologic mater ia ls  i s  essentially the same,  
except that the water content is expressed on 
yield or efiective porosity of geologic Anaterials is the difference belxeen 
porosity and specific retention. At 2 given time, the volumetric water con- 
tent of a material  i s  a reflection of various icrces acEng on the soil-water 
system, iicluding gravl,ty, capillary, and osmotic forces. Soil-watez pres-  
sure i s  a measure  of c?pillary forces  and is expressed i n  terms of negative 
pressure;  the relation between w6ter cootenC.2nd pressure  may be deter- 
mined i n  the laboratory. 
t2 tes  in the vadose zoae. ., 

Field czppacity of a soil is repre-  

volumetric basis. Specific 

This relation is essential to calculate wstez flow 

. r  

Wafer F i w  

IhLiltrafion is the movemest of water 2cross the soil  mr face  from an ap- 
plied water source. Factors  affeciJng ,infiltratioo. capacity, or the maximun 
.:ate of infiltration, include soil texmie, iaitial sTater content, and soil stra- 
kification. 
may be determined from secpeutial dcaiizge profiles (curves shoving the 
relation between mil deF:h and water content for  vasious times after the 
cessation of infiltration), 
Iizve a pronsunced effect on water movement. 

Determioation of the rate of water flow out of a given qoil  depth 

The salinity and composition of the solution may 

For  saturated mater ia ls  the pressure  is positive and measured by piezom- 
eters.  
te-cslom-eters. 

For unsahtrated materials the p re s su re  is negative and measu res  by 

Chemical Changes 

TZle interactions of ;i&ltraticng waier and soil have been reviewed by 
Ellis (1973), Rhoadea and Bernstein (1971), Murrmann and Koutz (1972) and 
McNeil (1974). Among the main reactions are: precipitation, dissolution, 
ion exchange, adsorption, and oxidation-reduction. 

30 



Changes in the concentration of a soil solution follovrir-,o surface applica- 
Precipitation fioo include water :emoval by evaporation and transpiration. 

of .slightly soluble. salts, primarily calcium carbonate or calcium strl-ate, 
may occur as the soil solution is coaceotrated during evapotranspiration. 
D i s s o l u ~ o n  of soil minerals contributes to the salinity of the soil  solution. 
Ton exchange represents an important soil-water interaction for  altering the 
composition of the soi l  solution. Ion excharge is a funct<on of the cation ex- 
change capacity of the soil,  which io turq is related to colloids:?. clay miner- 
als ,  soil organic mat ter ,  i ron  and aluminurrm sesquioxides, and hydrous 
oxides. 

. . _-- - . . 

Adsorption of metals onto the &.dace of soils is the most  important pro- 
cess  for reLmv;ing some chemicals f rom wastewtter (Murrmann .and Xoutz, 
1972). In contrast to ion exchsnge, in  wbichions retain their  mobility, in 
adsorption reactions ions a r e  held so tightly that they become essentially 
iamobile . ,  Methods to quantify-the extent of adsorption of ions onto solids 
have been developed. Oxidation and reduction reactions +re of special im- 
portance in  the case of sclfur and nitrogen compounds in water, a s  w e l l  as 
fo: many t race elements.. These reactions affect '&e rnobility of some ele- 
ments azd may resul t  i n  the production of gases. which can he  los t  f rom t h ~  
soil-grouniwater system. 

SOIL SAMPLING AND WELL DRILLING 

A tes t  drilling program may be necessary to zupplernenl: existing data on 
Soil sampling and well drilling are generally ne- 

Tes t  wells can also 
the vadose zone at a site. 
cessary  .for a l l  types of monitoring in the vadose zone. 
function as  observakion wells, piezometers, or access wells. 

Shallow Wells 

In general, samples f rom the soil zone a r e  obtair,ed to (1) characterize 
the average soil texture, water content, or chemistry 'in depth increments 
(e. g . ,  15 cm), (2)  observe the precise depth distribution of soil texture, or 
(3)  detern;lne.the bu'A density, o r  water-release curves, of soi1,increments. 
For the first purpose land samplers s-ach a s  post-hole augers,  screw o r  
sleeve type augers,  or power-driven augers a r e  useful. For the second 
purpose, coses a r e  obtained by driv5ng small-diameter (e. g . ,  2.5 cm) tubes 
into the soil to the d5sired depth. 
core samplers  are used-these may be hand-driven or power-driven. Cores 
of 2 specific volume a r e  obtained by each method. :uLore information on cor-  
ing is presented by Slake  (1965). 

F o r  the khird purpose, l a rger  Ciameter '. 

The cost of a "bucket" type hand auger is about $35.  
&:railable to cut core  s izes  from 2 to 4 inctes  in  ciiiameter. 
sions for  deeper sampling cost about $6 each. 
driven soil sampler system can be purchased. 

These augers a r e  
Four-foot exten- 

Eo: deeper samples a harrd- 
These systems include soil  
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sa.mpling tubes, a drop hanlmer, and a h b e  puller jack to v/i:'ndri..w the k b e s  
The soil se-m?ling tubes vary from 4 to 16 feet in  leiigth and cos t  f rom $65  to 
$ll,5, respectiveiy. The cost oi th5 hammer and puller jack 'is about $200. 

Deeps VJells 

ivelia using standard techniques. 
cable twl ,  augering, and ai? dril l ing.  Of t h ~ s e  n?ethods perhaps augeriag, 
asing continu.ous flights, and air dri l l icg provids the most nsaijle Sarn21es- 
problenls develop in  charactezizing the diatribiltion of indigenous sal: and 
'"ater content with cable tool. and rotary methods becausz of water additions 
durizg the drilling process .  The cost of power-augering multiple depth and 
density holes i s  given in  Figur-. 6. T.Eeoe augering cos ts  a r e  dsveloped for 
8-inch d iamete r  holes. 

To simple t h o u g h o u t  the vadose zone i t  may be necessary to drill deep 
Such techniques i n c h %  jetting, rotery, 

Figure 6. Cost OF po,ver-augwi:ig &inch diameter sumple holes i o  various depths 
and hole densiiies, Novcn,!xr 1774. 
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One air-drilling technique (Becker Drills. Inc., Denver, Cola. ) involves 
driving 2 double-wall tube by a pile hammer while concurrently forcing a i r  
Wder pressure down the annulus of the pipe. 
by the bit re turn to the surface through the i.nside pipe. The sample, avaLL- 
able continuously, i s  divertec! into a cyclone sampler where it i s  bagged for 
laboratory analyses. Changes in formation can be determined vfivithin a few 
centimeters; furthermore, water seams can be determined immediately. 
This feature is advantageous in locating the depth and thickness of perching 
layers. Whichever technique i s  used, samples should be takenin specified 
increments throughout the vadose zone. 

Ai r  and entrained mater ia l  cut 

DETEPLUINATION OF WATER CONTENT 
Although a major concern of a monitoring program si?ay be the rrovement 

of water i n  the vadose zone, i t  is also important to accouot for the storage 
capaSiEties of this zone. 3r. western valleys with deep a l l u ~ u m  the vadose 
zone may constitute a vast reservoir for such in-transit storage. 

Examking %is water content requires ths extersion of techniques em- 
ployed in the soil zone downward to the water tzble. 
the methods may also he  used simultaneocsly to morLtor water movement. 

Fortunately, marry of 

Neotron Moderation or Moisture Lqjging 

For  many years  agriculturists have employed the principle of neutron 
msderation or thermalization to measuxe the volumetric water content of 
soils in situ. 'Recently, the technique has been used to r m s t o r  water stor- 
age in the vadose zone, particularly to delineate perching layers  abd maunds, 
and also to estimate flow rates. 

The method of water content evaluation by neutron moder.ation depenas on  
two properties relatiiag to the interaction of neutrons with matter: scakter- 
i zg  End capture (Gardner, 1965). High-energy neutrons, emitted from a. 
radioacthe source a re  slowed d a m ,  or thermalized, by collisions with 
atomic nuclei. Hydrogen has a greater thermalizing effect on.fasl: neutrons 
than occurs with many elements commouly found in soils. 
basis f o r  detecting the concentration of water in a.soi1 (Van Bavel, 1963). 
The second property a€ interest  in'tkc neutron rroderation method is capture 
of slow.neutrons by elesnemts present i n  the soil with the release of ener-ey. 
The property of energy release during capture serves as a means of-detect- 
ing the concentratioii o f   low neutrons. 

This forms the 

When a source of fast n-utrons i s  layrered into a soil thiough a suitable 
well  bore o r  casiag, a cloud of thermalized neutrons is established. 
suitabie calibration is made to isolate. the moderatiiag e3ects of soil nuclei 
other than hydrogen, changes in the volume of the thermalized cloud wil l  re- 
flect changes in water content. 

If a 

Finally, a detector w'nich-relies on capture 
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of thermalized neutrons is used, in coojunction with suitable electronic cir- 
cuitzy, to measure the weter content (on a valume basis). 

Instrumentation used to measure water cantent by neutron t l~ermalization 
requires three ,principal componeats: (1; a f i O U r C 2  of fast  neutrons, ( 2 )  a 
detector of slow neutrons, and (3)  an instrument to  deterrnire the count r a t e  
f r o m  the detection equipment, as shovm io Figurs  7. 

SOUBCE OF NELJTRONS: 
5 mCi RADIUM - BERYLLIUM 
3 mCi AMERICIUM - BERYLLIUM 

1-42 
/*‘ FADIUS OF MEASUREMENT 

25 cm AT 0. I D  g/cc WATER 
I CONTENS 

Figure 7. Sketch of neufrcn rnoiikure logger and occessories (after 
Holmes et ol., 19671, 

Americium-beryllium is commordy used as a source 02 fast neutrors. 
Detectors of slow neutrons rely on high capture c ross  sections of detecting 
materials (e. 6.  ~ boron). A charged particle is emitted during capture, 
wbich ca.n be detected by a solid or  gaseous counting device. The pradoimi- 
nant detecto- is lithium-enriched BF3. Both the 8ource and detector a r e  
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' , '  F located in a cylindrical probe, o r  tool,  which i s  loweredvia a cable into ac- 

cess tubing either by hand o r  by aotor-drive.  The depth of rneasuienent is 
determtaed by E r a h a t i o m  on the cable or, alternatively, bjr Some type of 
counter (Van Bavel, 1963). 

The pulse emitted during the nuclear reactTon reaultillg f rom capture is 
amplified within the down-hole tool and transmitter through the cable to an 
above-ground meter f o r  counting. Count rate is converted to watei content 
via suitable calibration curves. Tha type o f  equipment that has been avall- 
able f o r  soils work is hand operated. Its use requires placing the down-hole 
tool at a discrete depth, taking z count o r  number of counts, and then moving 
the tool by hand to another discrete depth. This process  is not troublesome 
for  shallow soils studies. However, f o r  deeper access wells, in the va6ose 
zone. an inordinate amount of. time would be involved. Recently, a motor- 
ized unit became available (Well Reconnaissance of Dallas, Texas) %-hick 
permits lowering the tool in  the well a t  2 constant rate,  via a amtor  drive. 
Internal electronic coxponents concurrently translate pulse rate  into water 
content. whish is automatically recorsed. 

The indivbdEal neutron rnoiskure logger should b s  calibrated against sam- 
ples of known water content. Such calibration may be doae in the field by 
compzring a count at a given soil depth with  the water conteot of  soil  coxes 
from t3e  same depth. .. . . .  .' 

Access tubes fo r  neutron moistnure logging ' a r e  usually constructed of 
sea;nless steel  or alumixiuA. 
ficulty in that hydrogen o r  chlorine atoms in  the tubing may maderate the 
thermal neutrons, 'interfering wi th  soil moisture evaluation. Aluminum- 
cased wells may deteriorate in saline ground%aters. The inside diameter o f  
wells should be a s  close as possible to tie ouiside & m e t e r  of the probe. 
Work by Ralston (1967) showed that for a 100-millicurie (m6i) &-Be source 
in a 3.6-cm OD tool, the water cootent could ~t be accurately evaluated i? 
well casings With an ID greater thail 10 cm-. 

Pol-~~rinylc~ioride-cased wells rnay.ca~1sr dif- 

Wells drilled for shallow water content monitoring cail be easily installed 
Myhre et 21. .(1969) reported by successiv2ly augering and driving the tube. 

on a s'mple. power-driven auger for instaWing wells to 150-cm dep th .  F o r  
deeper wells standard drilling techniques a r e  necessary., Duiing installakion. 
by drilling tec'hniques it is essential to establish a tight f i t  between the well 
shaft and casing, to minimize the amount of vertical leakage of water. . D r i l l -  
ing mud, although facilitating the drilling operation, is not recomqendpd 
since it interferes with water content observations. 
a tight fit, drilling techniqu.es which do not require a drilling mud (jetting, 
augering) a r e  used. 

In situations requiring 

The principal advantage o f  neutron moisture logging is that water content . .  profiles a r e  obtained in s i t u  with minimal soil disturbance. A history of 
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, p;ofilcs czn be esiablishcd during e zxJriitoring pro&e*.m. Motstxre lags 
clearly show the presence of p'-.rched water tzbles, together with their  
growth and dissipation [see Figure 8 ) .  
mate unsaturated flow rates. 
scccession of wells may provide cl~zes on la teral  f low velodfiss  (V?i.lson, 

Such logs P.ay also be v.sed to esti- 
Water content exchanges a t  a given depth .in a 

1971). 

Cer.tain limitations should be noted. First of all, thz,presence of exces- 
sive concentrations of other fast oe7Jtron moderators (e. g., bozcn, chlorine) 
may cause erroneous water content determinations. Neutron moisture log5 
inrlicate only the water content 0.1 soils, and may not always manifest water 
movem-ent. However, water content values may be translated to equivalent 
soil-water suction vdues  via a soil-wzter characterist ic curve. 

The cost of a neutron moisture logger including the neutron source, slow 
neutron detector, and surface counter is about $3000. 
cost  of n w t r o n  moisture logging wit!! various numbers of well loggings per-  
formed at deptb intervals of 2 feet. The costs k~ Figure 9 do not inclu&e khe 
capital cost of the instrument,. but only the t ime required to cond-cct the log. 

Figure 9 gives the 

Tensiometers - I eneiometers a r e  used to m-easuie soil-water pressures  during unsatur- 
ated flow. If caution is exercised, t i ey  may also provide e s t inz t e s  of so i l -  
v;ater content via sui.t.able soil-water characteristic curves. Basically, 2 

teosiorneter consists of a porous ceramic cup cemented.to a rigid plastic 
tube, small-diameter tubing leaeiing to a m?.nom&er znd terminating in 2 
reservoi r  of mexcury, 2nd a fi.l!er plug in  the rigid plastic tube ( s e e , F i y r e  
10). Except for  the reservoi r  and the  pa-tion of the sma?l-diameter tubing 
fiU.ed with m-ercuxy, .tLe internal vnlu-me of thi, system is comple-leljr filled 
-xiti- water. ?',%en properly emplaced in  the soil  the pores  in  the cup €orL= a 
continuum with the pores i n  the z3i1. Water moves either into o r  out of the 
tensiometer system until an  eqcilibriirm is attained across the ceramic  cup. 
i be -mercury level in *.he msnoaeter  %bin:: adjusts correspondingly, ,.- 

Holmes et  al. (1967) have noted .the pzeczutions to be taken dur i ig  instal- 
lation of tensiometers. 
purged of as much entrainsd air a s  possible and i t s  response cbecked. 
tensiometer unit should be placed into soil ca.i.iti,es la rger  than :he outside 
diam-eter of the unit. The cup should be force3 ink the soil at the base of 
t je hole to ensure good contact. 

Prior to field installation,. the sys t em should be 
The 

The hole is Lben backfilled with soil. 

The principal limitatioll o f  tensiometers is that they are useful-in m- Oasur-. 
'mg soil-water pressures  only up to  about 1.. 0 atmosphere. Furthermore,  
the determination of .water content via tensio'neter values is subject to hys- 
teresis :  i. e .  , different water content versus pressure  cum-es wisl be fol- 
lowed depending on whether the soil  i s  wetting o r  d ry iq .  



4 

e 

. . _, 

37 

a3 

m 
ai 
3 

LL- 

L 

.- 



. .  

L 

LOGGING COS1 I f )  

Figwa 9 ,  Cost of neutron moisture Iqging  for various depths and sompfe 
space densifies, December 1974. 

POROUS CERAMIC CUP 

Figure 10. A skgle  manometer tensiometer. 
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The cost of a tensiometer including a 6-foot plastic tube is about $30. 
F igure  I1 gives the capital costs of tensiometers placed a: various depths 
and at varioua sampling densities. 
include installation. 

The costs presented i n  Figure 11 do mt 

I I I 

wo 1 cm 15GO 2 M O  
, 

TENSIOMETER com ($1 

. .  

,. ... I .  . .  . 

Figure 1 i. Cost of ienriomet.ers For various depths and 
sample space densiiies, December 7974. 

Electric Resistance Blocks 

Electrical  resistance blocks, used to ineasure either soil-water content 
or soil-water pressure,  consist of electrode; embedded i n  2 suitable porous 
material  such as plaster of par is ,  fiberglass, o r  nylon cloth. The principal 
of operation'of these blocks (Holmes e t  21., 1967) is that water content ( o r  
negative pressure)  within the blocks responds to the water content (or suc- 
tion) of the soil with which the blocks a r e  in intimate contact and the electri- 
cal resistance properties of fhe blocks change correspondingly. 
blocks a r e  calibrated in soi l  from the site a t  which they a r e  .to be installed. 
Such calibration invo'lves evaluating resistance readings against a radge of 
soil-water contents or negative pressures .  

Moisture 
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Kolmes et sl. discuss the advantages o f  r e s i s t a x e  blocks, iadicating 
that (1) they appear to be best scited i o r  gene121 use i n  :he stuciy of s o i l -  
\:rater relations, (2)  51;’n-y a rc  iaexpensive, a d  ( 3 )  ihzy can be calibrated for 
either suction or water content. Generally, f o r  zgr icu lhra l  applications 
the blocks a r e  used  fo r  nesative mil-water  p ~ e s s u r e s  greater  than 0.8 
atmos?here. 

The cost  of a Soil moisture block is about $4. The leads to the soil mois- 
‘mire blocks a r e  very nominal in cost. A s o i l  moisture meter costs about 
$120. The capital cost, excluding empla~e~ment ,  of electrical resistance 
blocks, leads, and 2 soil moistxi-e meter  f o r  various depths 2nd sampling 
densities i s  given in  F i g u r e  12. 

I 1 
U 2% 503 

COST OF SOIL MOISTURE TESTING EQLJIPMENT ( 5 )  

Figure 12. Cost of multiple eleciiicol resistance blocks and soil 
moisture meter for various depths and sompling densifies, 
December ,1974. 
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Calcuiation of Water Content 

In-situ m-easurernent of water content a: some locations, such as beneath 
waste disposal s i tes  with la rge  a reas  and relatively deep water tables, ~ s y  
be too c m b e r s o m e  and expensive to perform. 
maximum storage capacity. Porosit ies for common geologic materials a r e  
given in  Figure 13. 
that indicated by the porosity because all of the mater ia ls  a r e  not saturated. 

One alternatiye is to evaluate ' 

The storage capacity in  the vzdose zone will be l e s s  than 

M) I 1 I I I 1 I 
M 

(WELL-SORTED A Q  

ELL-SORTED AQUIFERS 

11 

SAND ' I  GRAVEL I CGBBLES 

MiDlAN GFAlN SIZE 

Figure 13. Relationship bftwezn median groin size and water-storcgi: pioper- 
.ties of alluvium from large valleys (Dcvis and DeWiesi, 1966). 

Many a r e a s  can be dikided into two types of vadose zones: those where 
the specific retention of geologic materials has already been satisfied, and 
those where i t  has not. The f i r s t  case occurs prim-arily i n  humid a reas  - 

Fhere water levels a r e  relatively shallow and an  abundant source of re- 
charge has been present  for  many years .  This case  also occurs  beneath 
many alluvial basins of the a r id  west where. water tables a ie  e t b i n  100 to 
200 feet of the land surface aiid water ha3 been artificially applied at the 
lard surface for decades. The second case is convnon in ar id  a reas  with 
relatively deep (300 or  more feet) water tables. .Low natural  recharge at 
the land surface for many years,  combined with the presence of soi l  o r  sub- 
surface restricttng layers,  may prohibit naiuural percolation to the water 
table. In  these cas,es, the geologic mater ia ls  may b e  vi-ltuallyT devoid of 
water. 

. 
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Gavel, sand and gravel, and similar 
materials 

Fine send, tight sand, tight grovel, and 
simiiar materials 

Cloy and grovel, sandy cloy, and simil ir  
materials 

Clay and reioted rneferiolr 

Crystalline rock (fresh) 

The storage capacity f o i  percolsted water in czses where the specific re- 
tention i s  satisfied is defined by the specific yielr?. Regresentative specific 
yields for geologic materials are given in  Table 5. Where the specific~-re- 
iefition has .not been satisfied, significant amounts of percolated water will 
be stored in  the vadose zone to make up this deficiency. The total storage 
capability will then be some v a h e  lsss than the porosity. 
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DETERMINATION OF WATER MOVEMENT 

An es-iluation of water movement above the saturated zone should account 
for  (1) ir&ilt:ation across  the soil surface 2nd movement through the topsoil, 
(2) movement in perched water tables, 2nd ( 3 )  downward movem-ent through 
the vadose zone. Flux (volume per ufit a r ea  per  unit time) is the principal 
flow characterist ic to be defined in  studying water movement in  the vadose 
zone. Pa important factor in calculsting flux is the hydraulic conductivity. 

Infiltration Across the Soil Surface 

Flux across  the soil surface is  tzrmed infiltration, the masirmum value 
of which is the infiltration capacity. 
land disposal operations because i t  Sndicates the r a t e  at which effluent may 
percolate to groundwater. 
as high-rate o r  low-rate, reflecting the infiltration r a t e s  used to effect ef- 
fluent treatment. 

Tbis characterist ic i o  important i n  

Bouwer (1973) categorizes land disposal systems 

For existing ,land disposal opsr'ations, effluent can be metered onta each 
treatment area via suitable flumes, weirs,  or fhwmeters .  Differences i n  
flow r a t e  represent the amount of water which infiltrates on the 'area.  The 
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flux canbe calculated(itmaybe necessary to account for evaporationlos8es)if 
the surface a rea  contacted and time that a given volume infiltrated are knowi~. 

Movement i n  Perched Wafer Tables 

ina t io iof  data on stratigraphy may indicate the locations of perched water 
tables in the vadose zone. The principal techniques for  monitoring move- 
ment i n  these szturatecl zones. a r e  by the use of piezometers o r  observation 
wells. 

Reaults of neutron logging observations during infiltration tes ts  o r  exam- 

PIEZOMETERS. Piezometers consist of small-&+meter  pipes, driven, 
augered o r  jetted into a kaow-s o r  'expected s a k i a t e d  soil  zone. The level of 
water measured at the base of the piezometer indicates the water love1 i n  the 
saturated zone. 

Reeve (1965) discusses in detail the t e c h ~ q u e s  for installing and cleaning 
new piezometers. In  general, it  is irnpoitant to maintain tight contact be- 
w e e n  the outer wall of the pic:zometer and the soil. .For shallow,uniits, pie- 
zometers may be installed by augering and driving+-th ZL sledge hammer. 
Deeper units will require jetting, o r  use of standard drilling equipn-ent, It 
may be necessa-ry to f i l l  the cavity between the well and borebale with grout 
to ensure tighkness of fit. As with regular wells, piezometers should be de- 
veloped by pumping, bziling, etc. to open up material  a t  the base of the unit. ' . 
In some situations, i t  may be necessary to install  piezo.meters with screened 
well points to prevent upward movement of saturated mater ia l  into the unit. 

. ' .  @ 
' 

Depth to water i n  piezometer unito is measured by chalked tape, electric 
somders .  o r  air lines. ' The use  acd cost of these tools i s  considered i n  de- 
tail under "Monitoring in  the Saturated Zone. " By referencing these meas- 
urer-ents to a common d a h m ,  groundwater levels can be determined for 
the perched zones. The slope of these el.evations indicates the direction of 
lateral  water movement. 

Many field soils exhibit anisotropy. That .is, the hydraulic conductivity 
in the horizontal direction may be much greater  than i n  the vertical  direc- 
tion. Fo r  such soils it  may be adesab le  to install  more  thail one a r r ay  o r  
battery of piezometers in  a la teral  direction away from a recharge source. 
The bottom openings of piezometers in  sequential arrays should terminate 
a t  the same elevatlon. 
differences resulting f rom horizontal flow. 

Such an arrangement permits observing la teral  head 

The costs of 2- and 4-inch piezometers for .various depths and sampling 
densities a r e  given in Figure 14. The piezometer costs presented do not 
include install2tion. 

- - 
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Figuie 1-4. Cost of piezoineterr, Fc: various depths and sampling densities, 
r.iovembsr 1974. 
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OBSERVATION WELLS. An observation well consists of an uncased 
borehole o r  perforated pipe extending from g r o u d  surface into 2 perched 
. . mater table. 
dep+&s may be greater .  

- _ _  This i s  similar to 2 piezometer, except that diameters and 

WATTER MOVfMEMT IN THE UNSATUWTED STATE 

Methods for monitoring water movement in saturated regions canriot be 
used t o  monitor unsaturated flow because water will not frseiy enter a soil 
caviOf unless the soil-water p re s su re  i s  grea te r  than atmospheric. 
quently, special methods must be used in  unsaturated soils. 
methods the three most comton ly  used to infer unsaturated. flow ernploy 

Conse- 
Of t h e  available 
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tensiometers, psychram-eters, and neutron moisture logging. Several  
newer techniques, although not extensively field tested, may also have. 
applicability. t 

' ,.. 

Tensiometers 

The principles of operation, methods of ins tallation, and limitation of 
tensiometers a r e  discussed above. In general, tensiometers appear to be 
the m o s t  effective technique for monitoring flow in the soil-water pressure  
range down to about 0, 8 atmosphere (atm).  
:hat tensiometers a r e  still routinely used and nothing as reliable, accuiate,  
and Lnexpensive has replaced them in the past 55 years.  The ap2lication of 
tensiometers to depths greater  than the soil cone is.now possible with the 
zdvent of p re s su re  transducer units developed by Watson (1967) and others. 
In characterizing the direction of water movement, a battery of tensiometers 
must be inatalled, with units terminating at successive depths. throughout the 
region of interest. 

Nielsen et  al. (197.3) observe 

As with piezometers, it is necessary to instal l .mare than one ar.ray of 
tensiometers to detect 'Mrizontal flow. 
a t  varying depths, differences i n  total hydraulic heads between. correspoad- 
ing units in successive a r r ays  may s u g g z s t  l a te ra l  movement in the unsatu- 
rated state. . Because of heterogeneity i n  soil properties, howe.mr,. conclu- 
sions on la teral  flow may not be deflnitive. 

Thus, i f  in&vidual a r r ays  te,rminate 

+-_1 

Rychrometers 

Tensiometers cannot be used to measure soil-water pressure'below about 
-1 atm because of air-entry problems. 
sures,  therefore, other instrumentation is required. In ' recent  years ,  pro- 
gress  has been made i n  developing the thermocouple psychrometer for this 
purpose. According to Watson (1974) in-situ pressure  measurements down 
to -30 a tm a r e  possible with these units. 
measurement of soil-water potential, discussed by Rawlens and Dalton 
(1967), is that a. relationship exists .beb.veen soil-water potential and the 
relative humidity of soil water. 

To measure lower negative pres -  

The principle of psychrometric 

Psychrometers consist of a porous bulb comprising a chamber. to sample 
relative humidity of a soil, a sensitive thermocouple, heat si&, reference 
electrode, and associated electronic circuitry. Two types of therinocouple 
psychrometers a r e  available. One type, which is installed i n  access  tubes, 
consists of mounting psychrometers in  poious cups a t  the base of tubing. 
This unit may be vrithdra-m fo r  recalibration. 
"sealed-cup" psychrometers by. Merr i l l  and Rawlens (1972), contains the 
thermocouple unit permanently sealed into 2 porous enclosure. 

The second type, called 

~. 
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Each unit must be calilratcr! prior :o field installaiion-techiliques ior 
s%ch calibration a re  givec by Me.rril1 2nd Rawlecs. Also, in field installa- 
tio-s i t  i s  important to record and correct fo r  diurnal changes in tenpera-  
ture. Installni.ir,n of 2 s ~ n s i t i v e  thermistor is recommended for diurnal 
st?l&ierj. Snfield et al. (1973) have used thermocouple psychrometers to 
e s t i r a t e  the direction 2nd rate  of water flux in materia?. above 2 water table 
at a depth of 94 meters  in  a desert environment in Washington. 
psychrometric units were placed 3 meters apart within a specizlly designed 
well casing.. 

Individual 

Neution Moisture Lgging 

.Although the neutron thermalization technique is used mainly to determine 
changes in volumetric water content of materials iz the vadose zone, the 
method m-ay also be used to infer water movement. In particular, if a soil- 
water characteristic cuive is available for incremental depths throughout the 
vadose zone, i t  may be possible to .relate water content values to water pres-  
sure.  Hydraulic head gradients and, therefose, flow directions can  the2 be 
inferred. 
ellough to detect slight water content changes, particularly in the dry range. 
Wilson and DeCook (1968) and Wilson (1971) have used moisture logs f rom a 
network of 30-meter deep access wells to infer the ra tes  of l a te ra l  move- 
ment of recharge waves in the vadose zone during river recharge aEd arti i i-  
cia1 recharge. 
water content in a perched mound at a.bout 10 meters. 

Moisture Block& 

Unfortunately, the accuracy~of the method may not be great 

The a r r iva l  of such waves was inferred by the change in  
' 

. .  

Moisture block5 of the type described earlier may be.used to measure 
soil-water pressure i f  suitable soil-water characteristic curves a r e  avcil- 
able. A unit relying on'the sensing of heat dissipation within the block 
(Phenc et al., 1971) may have futuze promise. 

Quontlficofion of Flux in Unsaturated Medio 

Two of the physical characteristics of interest  in  the vadose zone a r e  
- soil-water flux and hydraulic conductiTrity: Under continuous floodicg at 

waste disposal facilities, the steady-state value of infiltration approaches 
Presumably, the steady-state value 

of flux below the soil surface also approaches this value; therefore an  ap- 
proximation of the flux value in the wetted soil profile can be obtained during 
a wetting cycle. 

. the saturated hydraulic conductivity. 

Of equal interest  is the flux during drying periods. Three major ap- 
proaches to evaluating flux in  the vadose zone during a drying cycle are: 
(1) measuring water content changes in profiles a s  a functioa of time; 
(2) using appropriate mathematical expressions and empirically determined 
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relationships between soil-water prassure,  soil-water content, aad hydraclic 
conductivity; and, ( 3 )  direct measurements using flowmeters. 

RELATTC'IG WATER CONTENT CI-I.!!2.?.GES TO FLUX. The difference in 
water content stored in a wetted profils between successive time measure- 
ments above a certain depth is a m e a s w e  of the amount of water which has 
flowed out of that depth. The water content versus depth curves may have 
been obtained f rom tensiometer data# m o i s h r e  logs, etc. This .relationship 
a.ssuiies that the water in  storage ,from the surface to the first tensiometer 
equals the v a h e  at the first tensiometer times the thickness of. materials 
above this point. 

. 

EXP,RESSIONS FOR FLUX AND HYDRAULIC CONDUCTIVITY. Field 
plots instrumented k<th tensiom-eters are required to determine flux and hy- 
draulic conductiv5ty (Nielsen et al., 1973). Iilfiltration is allowed to pro- 
gress  i n  each plot to the point that steady-state values a r e  reached. 
recession of the water  surface, the. soil surface is covered.to prevent evap- 
oration. 
becomes unity, tensiometer readings a r e  taken in  incremental t ime steps 
f rom szccessive tensiomzter u n i t s :  At the completion of the study, .intact 
cores of soil a r e  taken in  incre-ments throughout 'he profile. Such samples 
a r e  uEed for the laboratory determination of soil-water characteristic curves. 
Subsequently, the soil-water pressure data taken by tensiometers during the 
field study are translated to equivalent water content values. Spatial varia-.., * .  

tions occur in the soil properties; copsequently, a sufficient nki-ber of field 
plots a r e  needed to provide a measure of this variability. Furthermore, 
even though the assuinption of unit hydraiilic gradient is fulfilled, problems 
may arise if  subsurface heterogeceities d f e c t  flow. Proble-vy .of anisotropy 
and stratification .Carill be accexihated with depth in the .vadose zone. Eealis- 
tically, it may be expected that fluxexpressions a r e  m s t  useful in the soil 
zone. 

After 

When drainage has occurred to the point that the hydraulic gradient 

' 

DLRECT MEASUREMENT O F  FLUX. Attempts have been made in  recent 
years  to develop equipr-ent to measure soil-water flwrin the unsaturated 
state which do not require informatioQ on the.hydraulic conductivity. 

Two types of flowmeters reported by Gary (1973) involve (1) direct  flow 

The direct  flow unit measures the flow of soil water interceptzd by a 
The second unit meas- 

measurement, and ( 2 )  the displacement of a thermal field by water in  mo- 
tion. 
porous tube containing a sensitive flow transducer. 
ures very accurately the transfer of a heat pulse in water moving within a 
porous cup burled in the soil. Because of the intimate contact between the 
soil and porous cup, the water moving in the cup forms a continuum with 
soil water. 
:f a sensitive millivolt recorder,  during imposition of heat pulses,' to empir- 
lcally, measured flow rates; 

Laboratory calibration curves a r e  prepared to relate the output 
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For  field instdi?.tioa, porous discs co?taining either flow transducers o r  
A limi- heat sources a r e  moc i t ed  in cylinders which ?.re buried in the soil. 

tation, therefore, is that f1o.w is rn.easured in disturbei soiis. 
data a r e  availzrile 01: t h e  use 02 such flo-yrn-ters in deep Vab'-uoe zones. 

To date, no 

Cclculation of Approximok Flow Robs 

t e r s  applied at the laad surface,  s torzge capaci.ty of the vadose zone, and 
depth to the water tzble. 
depth and a specific arnount of water percolates f rom the topsoil, then the 
flow ra te  o i  water i n  the vadose zone is partly controlled by tke available 
storage space therein. With point or line s o y c e s ,  significant lateral  znove- 
m e r t  can occur in  layered deposits above the water table.; however, for cZf- 
fuse sources of large area l  extent, such as agrLcnltura1 return flow, these 
la teral  moi-ements may be neglected. 

Vertical flow in the varlose zone i:: rzis!ed to tkc ixEltration rate  of wa- 

If the w3,ter t251.e remains at  a relatively constant 

For  example, assume that 25 feet of watcr is applied ,per a c r e  per  year  at 
Assume the de.pt1-i to 

.As- 
the land surface and 20 feet percolate f r o m  the tapsoil. 
wa-te-ter i s  55 feet 2nd the vadose zone beneath the topsoil is 50 feet thick. 
s u r n h g  that the porosity is 30 percent and the specific yield is 1.5 percent, 
and that the specific retention has already been satisfied, then the storage 
capacity i n  the zone i s  a maximurn of 5 0  t i m e s  0. 15, or 7.5 feet. It is clear 
that the vadose zone could hold this water for only a few months a t  the most. 

As a second example, assume that 5 feet of mater is applied per  a c r e  per  
. .  

y e a r  a t  the land surface and 2 feet percolate f,ron. the topsoil. Assume the 
depth to .the 'water table i s  310 feet and the vadose zone is 300 f se t  thick. 
Assume thzt the porosity is 40  percent 2nd the specific retention is 15 per-  
cent but that the moisture content is only 5 percent. Thus, the s torageca-  
pacity in the zone is a maximum of 300 feet t imes 0. 10  o r  30 feet  of water. 
As a . r e su l t  it would require 15 years  f o r  the percolating water to satisfy 
storage before reaching the water table. 

Use of Tracers 

Tracers  such as. sal ts ,  dyes, and radioisotopes can be employed to meas-  
u r e  flow ra tes  in  the vadose zone. 
t r ace r  moves at the same velocity as  the water (which, however. is not ne- 
cessar i ly  the velocity of a specific groundwater pollutant). 
problem of rletecting or saw-pling a t racer  a t  increasing dep"hs under unsat- 
urated conditions should not be minimized. 
tr i t ium as a t racer  i n  the unsat-arated zone. 

Care  must  be taken to insure  that the 

The practical 

Smith (1974) reports on using 
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WATER SAMPLING IN IHE VADOSE ZONE 

f r o m  both unsatarated and saturated (perched water table) regions. 
In a program to m-onitor qua.kly in the Yradose zone samples may be needed 

Sampling in Saturated Regions 

often delineate existing o r  potential perched water table regions. 
these regions may be instrumented with wells o r  piezometers which can be 
modified o r  used directly for  sampling water quality.. Io general, observa- 
tion wells a r e  unperforated throughout the vadose zone to prevent cascading 
water f rom perched layers  affecting water level measurements and water 
quality at the water table. 
wells for sampling without causing cascading. For example, the results of 
-neutron logging in  a well may reflect the presence of pegched layers.  It is 
possible to perforate the casing of abandoned wells at these depth intervals 
and install  packer assemblies to isolate tbese regions for  sampling a d  pre-  
vent cascading. 
layers  is known prior to the cgistruction of a new well, the well can be de- 
signed to permit sampling of these regions. 

WELLS AND PIEZOMETERS. P r e l i a n a r y  hydrogeological surveys will 
Many of 

It may be possible, however, to modify such 

Alternatively, if information on the location of perched 

An a r r a y  of piezometers can De used for water sampling in perched ,oLes:" - 7 
If.the locations of such zones a r e  known, individual units can be designed 
with screened well points. ' ' ,  
varying depths,. samples from such an a r r ay  w-ill indicate vertical  quality I 
changes f rom movemens of effluent. Similarly-, if 2 number of a r rays ,  a r e  
distributed in 2 horizontal transect,  samples f rom individual units terminat- 
ing at the same elevation wi l l  manifest quality changes f rom lateral  spread 
of effluent. 

If units in the individual a r r a y s  tkrminate at 

For programs to monitor the spread of heavy metals in effluent water it 
is necessary to construct wells o r  piezometers f rom materials which wi l l  not 
contribute metals to the sample. 
problem, particularly i f  screens a r e  also of plastic, but require special 
construction techniques. 

WelLs cased with PVC pipe will avoid this 

To obtain water samples f rom wells i t  is necessary to employ some type 
of sampling device. This 
unit co is i s t s  of a tube w-ith an  open top and a ball check-valve at  the bottom 
to admit water samples. 

A simple bailer may often be used wish success.  

Another commonly used sampler consists of a sampling tube o r  body wisitA 
an a i r  inlet  line and a sample outflow line extending to the surface. The 
lower end ol the body contains a spring-loaded flap valve. The sampling 
line extends to the base of the sampler and the a i r  inlet line terminates a 
slight distance below the top. In operation, the sampler is lowered into a 
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.well tu the sampling depth beloiv the wate: table. 
pler to f i l l ,  a i r  p ressure  is applied to the air line and the sample is forced 
to the surface throEgh the sampler line. Advantages of this unit a r e  that it 
need not be removed f rom the well between samples. 
obtainable at vzzioas depths below the water table. . -4 rXsedvsntage is that 
air is introduced-into the sample, possibly interfering .with certain chemical 
determinations. This possibility can be avoided by using conipressed n i t s o -  
pen gas. 

Nter .permit t ing the sam- 

Also, sarriples a r e  

Allison (1971) Cscusses  s simple de>-ice for  sampling water .in auger 
boles, vrhich d s o  could be =sed in  cased wells. Easically, the unit consists 
of p1.astic tubing of sdficien: length to extend.into the water table. 
end of the tube termirates i n  a collector flask. A second line f rom :hs flask 
is connscted to a hand-held vacuum pump. When the pump evacuates the 
flask and tubing, water i s  forced up into the flask, According b Allison 
snch a s y s t e m i s  capable of sampling water to a depth of 7.4 meters .  

The upper 

ln addition to these sam-plers several  other t p e s  are availabie, including 
positive displacement pumps. 
of a small-diaLlreter submersible pump mounted on a flexible line. 

Some operations may warrant  the purchase 

With any sampling method it is important & ensure  that an.uncontami- 
rated. Sam-ple is obtained. 
at the beginning of each collection period to ensure the .movement. of fresh. 
groundwater into the well. 
flushed out several  times before a s amp1e . i~  collected. . 

The well should be bailed o r  pumped extensively 

Similarly, the bai ler-or  sampling lims should be 

SAMPLING TILE DRAIN OUTFLOW. If a tile drainage system has  been 
installed to  pronn te  rapid drainage of .a perched water table, 5Lslpk5 can 
be collected f r o m  the tile outfall. In some cases  it may be desirable to in- 
stall commercially available composite or discrete sampling deiices.  

Willaidson et  al. (1973) discuss a "flow-path ground water s a n p l e r ,  " 
which enables collection of water ix different floor paths around a tile. 

FIBERGLASS PROBES. Hansen and Har r i s  (197d) describe 2 sampler 
capable of di6crete shu l t aneous  sampling at several  depths below a water 
table. 
point, with individiial lines from each probe r u e g  to the surface. 
isolated a r e z  is fillei? -6Ath 2 sand matrix. During collection, al1,probes a r e  
sampled simultaneozsly, via a vacuum pucip, to .minimize interference with 

The uniit consists of 2 ser ies  of isolated fiberglass probes in 2 well- 
Each 

'. natural  flow within the s a m p l i q  region. 

LYSLMETERS OR S&tPLIf?C CHAMBERS. In the context of this discus- 
sion, a lysimeter,  or sampling chamber, consists of a trench or large-  
diameter cu.l.vert sudr. verticaliy into 2 waste disposal area.  Lys i~ne te r s  
a r e  installed.to permLt sampling of the so i l  solution throughout a vert ical  
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profile, usua1l;r severa l  meters- in  t h i c h e s s .  
used by McMichael and McKee (1966) in  their stuclies on wastewater reclam-a- 
tion a t  Whittier Narrows. 
to collect samples f rom forest  soil during effluent irrigation i n  Pennsylvania. 

The ly s ine t e r s  developed b y  Mc2,~lichael and McKee (1966) erriployed pan 

Culvert type lysimeters were 

Par izek  and Lane (1970) used trench Lysimeters 

samplers for the collection of water during periods of saturation in  a profile 
to a depth of about 3 meters. ,  These samplers  were conical i n  ahape, 6 1  cm 
in diameter and 23 c m  deep. The samplers were installed at various depths 
at a radial distance of about 3 meters  f rom the central well. 
pling pans were filled with gravel to prevent clogging, and each was con- 
nected to the central  culvert via tubing. 
the samplers were carefully backfilled. 
cepted by  the pans flowed by gravity to the central  \vel1 and into collectian 
flasks. 

individual . s a m -  -. ._ 

Excavations nsed for installation of 
During sampling, percolate inter-  

.The trench lysimeter described by 'Parizek 2nd Lane (1970) zlso used pan 
samplers. 
meter  long trench excavated to a degth of about 6 meters.  
trench'were braced and lined with wood. 
30-cp-- vertical  intervals to -&e 6-meter dep"A of the lysimeter. 
constructed f r o m  galvanized metal, were 3 0  cm by 45 c m  with copper tubing 
to permit sample drainage. Each unit was sunk inko the so i l  a short dis- 
tance from.the s ide walls of the lysi-meter. 
samples of percolate intercepted by the pans vjere collected i n  flasks Within 
the lysimeter. 

The l a rges t  such lysimeter consisted of a 1.2-meter wide, 4- 

Sampling pans were  installed a t  
The sides of the 

The ,paas, - 

During application of effluent, 

A basic problem with collection pans, pointed out by Par'izek and Lane 
(1970) is that samples a r e  col4ected only when the soil-water pressure  is 
greater than at,nospheric. 
soil-water system may shift rapidly to the unsaturated state; prohibiting 
sample collection. 
or other sampling methods requiring saturation. 

Sampling in Unsaturated Regions 

One method for  determining the quality of the so i l  so- 
lution i n  unsaturated soils ,is to obtain field samples f r o m  which saturate6 
extracts can be obtained. An extensive program of so i l  ss-mpling throughout 
tLe duration of a waste disposal operation could be prohibitively expszsive, 
however, particularly i f  sunp le s  w e r e  required f rom the entire vadose zone. 

Consequently,. af ter  cessation of infiltration the 

The same problem exists f o r  piezometers, auger holes, 

SOIL SAMPLLXG. 

SUCTION CUPS. An alternative to soi l  sampling for :cIzaracterization of 
the water quality of unsaturated soils is to utilize ceramic cups like those 
used i n  tensiometers. When placed i n  the soil, the pores i n  these cups be- 
come an extension of the pore space of :he so i l  so that tke soil-water content 
in the soil  and cup become equilibrated at  the existing soil-water pressure.  
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Applying a slight v2.cuum to the interior of the cup causes the soil solution 
to f low into the cup. The qiip-lity of the soil solution can be determined by 
b r i n g i z g  this sam-?!e to the surface. 
a t  the present tim.; they eppear to be the best tool available for ssLmpling un- 
saturated a e d i a .  

0 
A?t'r,Ou& cera7xLc cups hzve limitations , 

Th.; basic design of the sarnpLing unit  is  as follows: a ceramic cup is 
sealed onto a rigid-plastic body tube that i s  equal in  length to the desired 
sampling depth. 
which seals  the top of the body tube, down to the inside base of tde c'ip. 
other end of the tubing is attached to a collection flask through a two-hole 
rubber stopper. Vacuum is applied to a second line in the flask causing th_e 
air ,p ressure  inside the system to become less  than the ambient pressure  at 
the cup's location. Soil solution is d r a m  into the cup and sucked Varough 
tbe vacu'irn line to the collectiqn flask. The technique used to  emplace-suc- 
tion cups is the s a m ~  as that f o r  tensiometers. In particular, good contact 
should be obtained between the cup and the soil. 

Smzll-diameter tubing is inserted through a rubber stopper, 
The 

Recently, alternative designs have been reported i n  the l i terature,  most 
notably by Parizek and Lane (1970) and by Wood (1973), that'allow raising 
samples f r o m  greater  depths than is possible by vacuum vLthdrawal. The 
design used by Parizek and Lane is shown schematically in  Figure 15. The 
body tube of the sam_nling unit is 2 feet long and hoLds about a 1ite.r of sample. 
Two copper lines a r e  forced through a two-hole rubber stopper which seals 
the body tube. One line, the oarnpl.e discharge line, extends to the base of 
the ceramic cup, as shown, and the other, a pressuie-vacuum line, termi- 
nates a. short  distance bdow the rubber stopper. 
nects to 2 suitable vazuum-pressure puap .  In operation, a vacuum is ap- 
plied to the system with the discharge tube clamped shut. When sufficient 
t ime has elapsed for the unit to fill with soil  solution, the vacuum is r e -  
leased, the clamp on the outlet line is opened, and air pressure  is applied 
to the system to force the sample h t o  the collection flask. 

The discharge line con- 

Figure 15 also i l l u s t r a t ~ ~ s  another feature of the design of Par izek  and 
Lane. 
between the cup and the so i l .  
to perm-it backfilliag with sil ica sand around the cup 2nd with tamped back- 
f i l l  for the remainder of the length. This design perm2ts the.inst2llation of 
more  than one unit i n  a hole, although three is about the maximum. 
unit is sealed f r o m  adjoining units with bentonite. According, to the authors 
the silica sand .provides a clean rnedium for  soil moisture moving toward 
the cup, ensures contact between soil and cup, eliminates unevenness in the 
void space, 2nd precludes clogging of the cup by colloidal material. 
ples were recovered f rom a depth of 15 meters:  17 meters  is about the .max- 
imum expected recovery depth with this basic design. 

The installation method shown does no: require an inti-mate contact 
Instead, a cavity l a rge r  than the cup is drilled 

Each 

Sam- 

i 
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VACUUM PORT 

p u s r i c  P ~ P E  
24 INCHES LONG 

&INCH HOLE 
WITH TAMPED 

Figure 15. Cross.section of .suction cup assembly and backfilling 
maferiol (ofter Pa&& and Lone, 1970). 

Wood (1973) reports on a modified version oC the design of Parizek and 
Lane that overcomes a basic problem with their  system, i. e . ,  solution be- 
ing forced back into the Soil during the release of vacuum and application 
oi pressure.  A sketch of Wood's design is  shown in Figure 16; details a r e  
piesented i n  his paper. The important feature, however, is that a check- 
valve is included i n  the pressure-delivery tube assembly within the cup, 
operation, vacuum is applied to the system, inducing a flow of water into the 
cup and tube assembly. Nitrogen gas pressure  is applied to  one tube and the 
sample is forced to the surface. 
of the porous cup and, therefore, a sample within the cup does not flow back 
inha the soil. 

In 

The check-valve prohibits pressurization 



h 

. 271 

Figure 16. Cross sacfion of porous cup ossernbly 
vriih pressure control: (after Wood, 1973). 

54 

~.. .. 

I 



Wood's installation procedure consisted of drilling a IO-cm hole with a 
continuous flight auger to 45 cm f r o m  the desired depth. 
then installed in  the ldwermost auger flight and the ensemble pressed back 
into the hole to the final depth. 
suction cup.upit was placed into the hole. 
hole; samples were collected f rom depths ranging to 36 meters .  

The a u g e r  was 

The assembly was again withdrawn and a 
Only one unit was installed per  

Although suction cup assemblies a r e  the best available t e c E q u e s  for ob- 
tairing samples of the soil solution i n  situ, certain pro.blems accompany 
their usage. 
of soil-water pressures:  suction cups a r e  capable of sampling on ly  at pres-  
sures  grea te r  than about -1.0 atzz-osphere. Because of the very small 
pores in ceramic.cups,  inflow of suspended solids is inhibited, making tests 
for biochemical o-qgen demand (BOD) on collected samples inaccurate. 
Similarly, bactezia .may be filtered out. 
the cups, i't is importznt that the negative pressure closely match the pres.- 
sure  of the Boil-water system. If  the vacuum diiferential is x c e s s i v e ,  the 
additional suction can influence the movement of soil'vrater in  the vicinity'of 
the cup.' 

One is that samples cannot be obtained over the entire range 

During application of vacuum to 

SALINITY SENSORS. A recent developLnent for in-situ e-Jaluation of so i l  
salinity'is the so-called "salinity sensor." The basis of these devices is the 
relationship between specific electrical conductance (EC) of soil  solution aad 
the total concentration of salts in  solution. 

The salinity senaor dsjcr ibed 3y Richards (1966) uses  electrodes em- 
bedded in  porous cera-mic to form a hydraulic continuum with soil  water and 
measure the specific conductance -of the soi l  solution directly. 
can then be directly related to the total salt content by suitable calibration 
relations. 
thick with platinuzm electrodes fixed in place on o p p s i n g  faces.  An interest-  
ing feature of the seneor is that the unit i s  spring loaded to ensure good con- 
tact with soil. 
is important to measure accurately the temperature of the soi l  solution. 
Richards used a thermistor to pro-vide temperature compensation. 

EC values 

The unit described by Richards cog-prises.a plate about 1 mm 

Because of the strong dependency of EC on temperature, it 

Osier and Willardsop (1971) have reviewed problems arising.€rom cali- 
bration and field use  of salinity sensors.  
observation that sensors should 'mt be used at soil-water pressures  less 
than -2 atmospheres. Also they indicate that when sensors  a r e  placedin 
trenches at field sites. the perm-eabi,lity of the materials in the back-filled 
trench tends to be greater than i n  indigenous soil. During leaching trials, 
therefore, the salinity measur'ed with the sensors  tended to be lower than in 
adjacent soil. Differences were attributed to.gseater leacbing i n  the trench, 
probably because pore sizes in  the trench soil  were of a M e r e n t  p a g e  than 
indigeneous soil. . 

Of particular importance i s  their 
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While saf i iuty sensors  may be useful to gage changes in  the total saIir5t.f 
of a soil solution, in  .waste disposal operations, concentrations of individual 
constit-d.ents may be of -?lore irnportancs. Furthermore, the water pressure  
of material3 in the .lowe7 reaches of the vadose zone m2y be less than -2 
atmospheres, thereby rendering the unit inoperative. 

The cost of a salinity bridge is about $620.  Each salinity sensor costs 
about $35.  
cost i'or a salinity bridge and various depths and sampling densi.ties for the 
sensors .  

Sewmi cable costa about $0.50 per foot. Figure IT gives the 

I I I 
5?0 1w3 1500 2000 4ow 

i 
00 

SALINIIY SENSING EQUIPMENT COSTS ( 5 )  

Figure 17. Cost of soil solinify sensors and a sclinify bridge for various 
depths cnd sampling densities, November 1974. 
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higher permeability over-~ies a region of lower permeability i n  the unsatura- 

ted zone. . . e  . . .  

The base of the unsaturated zone, the capillary fringe, merges w i t h  

underlying saturated deposits o f  the principal water-bearing formation. T h i s  

zone is n o t  characterized as much by the nature o f  geological materials as  by 

the presence of water under conditions of saturation o r  near saturation. 

.Studies by L u t h i n  and Day (1965) and Kraijenhoff van deLeur (1962) have shown 

that bo th  the hydraulic conductivity and'flux may remain h igh  for  some 

vertical distance in the capjllary fringe, depending on the na t i re  of  the 

materials. 

fine materials t h a n  i n  coarse deposits. Apparently, few studies have been 

conducted on .flow and chemical transformations i n  : th i s  zone.. 

L u t h i n  (1969) reported on a computer -node1 .to characterize transient f l o w - i n  

this zons and compared:resulti w i t h  data f r o m  a sand tank model. Freeze and 

Cherry (1979) indicated iha t  o i l  reaching the water table  following leakage 

,from a surface source flows i n  a la teral  direction w i t h i n  the capillary 

fringe i n  close.proximity t o  the water table. 

i n i s c i b l e ,  o i l  does not  penetrate below .tho, water table,  although some 

In general, the thickness of the capillary fringe i s  greater i n  

. .  

Taylor and 
. .  

I..- . .  

+f- . .  
Because o i l  and water are  

dissolution may occur. ' 
.. . 

".. * 

The overall .thjckness of the unsaturated zone i s  n o t  necessarily con- 
.? 

.stant. , For example, as  , a ' r e s u l t  of recharge a t  a water table  during .a waste 

disposal operation, a m o m d  may devslop throughout. the capillary fringe 

extending i n t o  the intermediate zone.. Such mounds have been observed. d u r i n g  

recharge studies,  (e+ ,  Wilson, 1971) and effor ts  ha.ve been'made t o  quantify 

their growth and.dissipation (Hantush, 1967;. Bouwer, ,1978). ' .,' 
. .  
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As already indicated, the s t a t e  .of knowledge of water movement and 

chemical-microbiological transformations is  .greater i n  the ' so i l  zone than 

elsewhere i n  the unsaturated zone. Renovation' o f  applied wastewater occurs 

primarily i n  the soil zone. T h i s  observation is borne o u t  by the  well-known 

studies of McMichaef and McKee (1966), Parizek e t  a l .  (1967), and. Sopper and 

Kardos (1973). These studies indicate tha t  the soil  is  essentially. a " l i v i n g  
' 

' f i l t e r "  t ha t  effectively reduces certain microbiological., physical ; and 

chemical constituents t o  s a f e  levels a f t e r  passage through a relatively short 

distance (e.g., Miller, 1973; Thomas, 1973). As a resul t  of such favorable 

observations, a certain complacency may have developed w i t h  respect to  the 

need t o  monitor only i n  the so i l  zone. 
. 

Dunlap and McNabb (1973) poin t  out tha t  microbial activity'mzy be 

sicnificant i n  the regions underlying the soil. They recornend that investi- 

.gations be conducted t o  quantify the .extent t ha t  such act ivi ty  modifies the 

--nature o f  pollutants travell ing through the intermediate zone.. 

For the soi l  zone; numerous analytical techniques were compiled .by Black 

(1965) i n t o  a two-volume series ent i t led "Methods of Soil .Analyses," 

i n g  i n  the intermediate zone and capillary fringe will require the extension 

_ _  ..-of .technology-developed. .in both The-soil zone and i n  ,the groundwater zone. ' 

Monitor- 
'. 

Examples are already available where this approach has been used. 

example, $gar and Langmuir, (1971) successfully used suctibn 'cups developed 

for . in situ sampling of. the .soil solution a t  depths up t o  50 feet below a 
sanitary landfi l l .  W.R. Meyer (personal comnunication., 1979) reported tha t  

suction cups were used to.  sample a t  depths greater? than 100. feet below 'land 

surface a t  cannery and rock .phosphate disposal sites i n  Califomia. 

For 

. .  
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- _- 
i A. Hand Auger 

1. Scren-Type Augers X X X X X X X 

2. &re1 Augers 

i 
? 

i .  
. .  

a. Past-Hole Auger x x  X x X x X 

i b. Dutch Auger 
? 

E. Regular Barre l  Auger 

x x  X x - 
X X X X X X X - 

d. Sand Augers X . x  X x X X X 

X X X X X X x 

j 
i - 

- .  
' e. Eud Augers 

. I  

" I  3. Tube-Type Samplers 
I t  

4' a. S o i l  Probes 
L N .  
I .ill M e t  Tips 

(2 )  Dry TIPS 
- 1  
: :  

. '. .$ 
..$ 

. ,'..I * b. Yethnleyer Tubes 
i.l 

, I  ' 
. _ I  

. ,. . 'i E .  Thin-(Uallrd Tube Samplers 

X X X X 

X X X X x X x x  

X X x x X 

X X X x .  X x X 
. .  . 

X . x  x . .  d. Peat Samplers X X x . . x  . : .  .' I . .'. 
3 . .  

< . ?  ,. 
'..! 3 0,  Porter Auger 

.,. . ,. <. . I 1; Iland-Held Screw Type Power Auger x ' I  x X X X X x . .  
LI " .- . . I .~ 

2. Truck Hounted Auger x " /  .. 
1 

. .. 
a. Screw Type X X X ' X  X X X 

X X X X x b. Drive Sampler Y X 

X X X X 3 .  iri(iod Hounled Drlve Sampler X 1. 

'.l 
:: ,; 
i. > :. ... . . .) 

: j  
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Land treatment s i tes  located on so i l s  of intermediate texture (i.e., 

The soi ls  below the treatment , l o a m ) ,  require the use of regular augers. 

.zone may be predominately cohesive (e.g., clay types) or cohesionless (e.9, 

s a n d s ) .  

-than others for  o b t a i n i n g  and retaining the samples. 

.tools are available when ei ther  of these conditions i s  encountered. 

For either o f  these extreme conditions some tools are more effective 

Alternatively, special 

For 
. .  

' :example, - sand augers are a variation of the standard barrel. auger designed 

. .  , far '  sampling in cohe;ionless soils.  Similarly, Dutch augers and mud augers 

g r e  best suited for  cohesive soils.  
. .  

B 
As described i n  a l a t e r  sect i in ,  special attachments, called core 

-catchers, are available t o  a s s i s t . i n  retaining core samples in .thin-wallea 

,samplers when dry cohesionless soi ls  are being sampled. 
LL 

I. 

3.2.3 Soil  Moisture ' - 

I t  may be d i f f icu l t  t o  retain sai l  samples w i t h i n  a sampler i n  very. wet, 

. -L$ 
sticky soils. Hand-held samplers which are particularly suited for  such 

.soils include Dutch augers, mud augers, and .special :.soil. sampling tubes. 

Thin-walled drive samplers w i t h  b u i l t  in sampler retainers could also be 

used. 

.. 

.* 

. .  
Peat s.amplers are designed for sampling i n  wet, organic soils.  The 

operating principles of 'each of these u n i t s  were described 'in prev.ious 

sections o f  th i s  chapter. 
. .  
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3.2.3.1 Dry-Cohesionless Soils-- 

As w i t h  saturated samples, i t  may n o t  be possible t o  retain samples of 

very dry,  cohesionless so i l s  within a sampler. Sand augers and specially 

designed soil-sampling tubes are useful for  sampling i n  these soi ls .  

natively, thin-walled drive samplers w i t h  sample retainers, or "core catch- 

ers" could be used. 

include a one-way solid flap valve, and a segmented, spring-type basket 

retainer. 

the sample barrel. 

Alter- 

TWO types of sample retainers, shown i n  Figure 3-11, 

Core catchers are inserted inside the sampler between the shoe and 

3.2.4 Site  Accessibility 

i -. 

Generally, s i t e  accessibil i ty refers t o  the ease of reaching on-field 

monitaring s i t e s ,  

virtually intractable .following liquid waste application or a f t e r  a heavy 

rainfall .  For such conditions, power-driven units mounted i n  pickup trucks 

cannot be used, whereas, an operator may (a lbe i t  with diff icul ty)  be able t o .  

reach the s i t e  on foot w i t h  the sampling.equipment. 

Specifically, the surface soi ls  a t  a f ie ld  may become 

. .  
. .  

3.2.5 

A 

Relative Sample Size 

review of the discussion on sampling tools will show t h a t  the sample 

size.  obtained by the different samplers varies. For example, hand-driven 

screw-type augers generally obtain'samples fr0.m a bore hole . .  which i s  . less 

than 2 inches in'diameter, whereas, barrel augers are available for  o b t a i n i n g  

5 i n c h .  cores. The chaice o f  a u n i t  may be. based on sample. size requirements. 

.. "...~,_... .,",..~ .. . .  . .  - ._.,..._,-. ~ _.____ -T..,-..-----^-." I.. 

. . . ,  ., . . .  ._  . .. . .  . ,, . ' '  



Figure 3-11. 

. . . -. .. .. . ..., I. . . .. 

. 

n 

Ibl 

I - , 

Soil  Core Retainers for Sampling i n  Very W e t  Soils 
and Cohesionless Soils. ( a )  One-way Solid. Flap 
Valve, (b) Spring-Type, Segmented Basket Retainer 
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sulrder and kind  of analysis t o  be .done on the soil sample will determine 

vol~r te  of sample required. In addition, i n  rocky and stoney so i l s  larger 

my be necessary t o  obtain a useable mass of sample once the'rocks have 

. 

tc~f i  discarded. 

1.2.6 Labor Requirements 

. .  
Generally speaking, i t  is probably good practice t o  send a t  . .  l eas t  two I 

tnolviduals i n t o  the fi.eld t o  obtain samples. 

d t c n  tedious and two individuals can take .turns on the sampler. In addi- 

!ton, note-taking and sample labelling is fac i l j t a ted  when two individuals 

4ra-fnvolved. 'Str ic t ly  speaking, however, the majority of sampl'ing tools 

only require the presence of one i n d i v i d u a l ,  the exception being where power 

equipment is used.. - 

That i s ,  hand-sampling i s  

1.2. Sampling i n  Rocky and Stoney Soils 

Rocky o r  stoney so i l s  i n  the treatment zone will generally .impede the 

V Q g r e S S  of  most tools. The problem will be accentuated w i t h  small .diameter 

t o p h  such, as soil probes, and a1.ternate tools such as 1arge.r diameter barrel 
. *  

' > . _ i "  WErS my be nessary. ~. 

1.3  RANDOM SOIL-CORE MONITORING. SITE SELECT,ION . _. 

, . .  
. I  .* 

. . .  

. ,  . 
lhe RCWguidance document. on land treatment recornends tha t  soi l  -core 

S ' i m  be randomly selected ( E P A ,  1983; .Brown .& Associates, 1983). 
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W:n-rLandom s i t e s  are t o  be 'selected,  a simple random sample i s  defined as a 

$ample obtained in such a manner that  each possible combination of n sites 

;has ;an equal chance of being selected. In practice, each s i t e  is selected 

separately,  randomly, and independently of any s i tes  previously drawn. 

:?&l-core monitoring, each s i t e  t o  be included in the "sample" i s  a volume o f  

~ f l  .(soil  core). 

1 

For 
t 

I t  i s  convenient t o  spot the f i e ld  location for  soil-coring devices by 

se1:ecting random disJances on a coordinate system ani using t h e  intersection 

$?:the two random distances on a coordinate system as the locatjon a t  which a 

~s.ool'l {core should be taken (see Figure 3-12). 

ffc$&ds of both regular and irregular shape; since the points outside the area 

$Vin.terest are merely, discarded, and only the points inside tGe a'rea are 

Lwed . i n  the sample. 

Th i s  system works .well for  

I 
- .  

-The location, w i t h i n  a given un i io rm area of a land  treatment u n i t  

:(-Le., active p o r t i o n  monitoring), a t  which a soil core should be taken 

- .  ejlo:Uld be determined using the following procedure: 
. 

.i 

i 
1 Divide the land treatment u n i t  (Figure 3-12) i n t o  uniform areas 

(aa, b b ,  cc, dd ) .  

of a land treatment unit-which i s  composed of so i l s  of the same 

soil ser ies  and t o  which similar wastes o r  .waste mixtures are 

applied a t . s imi l a r  application rates. A cer t i f ied  professional . ' . 

A uniform area is an'area of the active portion 

I 
. .  I 

i 

soil s c i en t i s t  should be consulted i n  completing this  step.. 

. .  

, 3 4 6  
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o b t a i n  a sufficiently large sample exceeds the maximum holding time for  

analysis. Similarly, there may be cases ;here the soil  i s  so dry t h a t  the 

units simply will not  yield a sample. This may be particularly t rue i n  ar id  

regions where rainfall  i s  n o t  great enough t o  wet up the soil profile. Note 

I .  

t h a t  sampling should be timed t o  occur inmediately a f t e r  a ra infal l  o r  

significant waste application events which may a l lev ia te  t h i s  problem i n  ' 

certain cases. _ .  

. .  
4.9.2 Physical Properties: Soil Texture and Soil Structure 

Soil texture refers  . t o  the relat ive proport ion of the vari.ous soi l  

peparates (par t ic les  2 mn) i n  a soil  (EPA, 1983). .Examples of~-so i l  texture 

classes, include s i l t  loam, s i l t y  clay, and sand. The,successfui operation o f  

suctiqn samp1er.s requires a continuity between pore sequences i n  the poroiis' 

segment of the sampler and those i n  the. surrounding soi ls .  When soils are  

very coarse-textured, a good contact between the -porous segment of  a sampler 

and the f ine pore sequences may be d i f f i cu l t  to  maintain and the flow contin- 

uum may be destroyed. Unlike the problem o f  sampling i n  very dry so i l s ,  the 

problem o f  poor soil  contact is.main1y an operational problem which can be , 

circumvented by us ing  the s i l i c a  sand method of cup instal la t ion (see Figure 

4-18). In' t h i s  method, the porous segment o f  the.sampler i s  placed in 'close 

contact w i t h  the s i l i c a  sand, which i n  turn contacts s. larger area of the 

i 

.surrounding soil .  . This method,helps t o  maintain a continuity i n  the flow '. 

paths tha t  soil  water follows i n  moving from the soi l  through the si1ica.sand 

and porous segment into the , inter ior ,  of the sampler. 
-I 
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Soil structure refers t o  the aggregation of the textural units into 

blocks. 

applied a t ' t h e  land surface: 

interpedal flow; and (2)  through the f ine r  pore sequences inside the blocks, 

i.e., intrapedal flow. 

th rough  the f ine pores. Because of the rap id  f1,ushing of pollutants through 

la rger  interconnected soil  openings, the movement of 1 iquid-borne pollutants 

into the f ine r  pores of the soil  blocks may be limited. 

cup samplers col lect  water from these f ine r  pore sequences, the resultant 

samples will n o t  be representative of the b u l k  flow. 

A well-structured soi l  has two d is t inc t  flow regions fo r  liquids 

(1) through the cracks between blocks, i.e.,  

Liquids move more rapidly through the cracks. than 

Inasmuch as suction- 

A primary goal. of .soil-pore l iquid sampling i s  t o  detect the presence o f  

f a s t  moving hazardous constituents. T h i s  goal may not 'be realized if samp- 

lers are  .placed i n  highly structured s o i l s  leading t o  a flow system such a3 

tha t  described i n  the last  paragraph. 

best examined by constructing trenches near the proposed monitor ing s i t e s  t o  

a depth corresponding t o  the maximum depth a t  which the sampling segments ' . 

'will be install'ed. 

mented a t  each profile. 

s i t e s  should be examined. 

large cracks frequently diminish i n  w i d t h  i n  deeper reaches o f  the profile. 

If i t  is  , found t h a t  structural  cracks "pinch out" a t  the monitoring,depth,  

s'amplers could be installed.  In f a c t ,  t h e i r  operation may be enhanced i f  the 

soil moisture content o f  so i l s  near the cups is increased by flow i n  nearby 

cracks. 

The structure of a soi l  profi'le i s  

The extent of large interpedal cracks should be docu- 

I f  such cracks appear t o  be widespread, a l ternat ive 

Howevey, i t  should be borne i n  mind t h a t  even 

,. .- 

. .  

I 

. .  
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For simplicity, the interactions between pore-liquid samplers and 

wastewater can be grouped into (1) those affzcting the operation of the 

porous segment, principally by plcgging, and ( 2 )  those that change the 

composition of pollutants moving through the porous segment. 

. I  4.9.3.1 Plugging-- 
. .  

' A basic concern in the use of porous type samples to detect the movement 

of hazardous waste substances in soils i s  that the porous segment may become 

plugged either by particulate matter (e.g.. fine silt and clay) moving with 

the liquid, or because of chemical interactions. .The problem of clogging by 

particulate matter i s  nit as severe as' once thought. Apparently, soils have. 

the capacity to filter out the fine material before reaching -the. porous 

segments.. Several studies have been reported involving the use of suction- 

type samplers for monitoring pollutant moveme& at land treatment units. 

Generally, it appears that the sampling units operated favorably without 

clogging by particulate matter. An example of such studies include those by 

(1) Smith and McWhorter (1977)., in which ceramic candles were used to sample 

--pollutant movement in soil during the injection of liquid organic wastes; ' . 

(2) .Grier; Burton. Tiwari '(1977) involving the use o f  depth-wise .suction 

samplers on fields used for disposal. o f  animal wastes; and (3 )  Smith.ef a1 .. 

(1977), i n  which depth-wise suction samples were installed i.n fields irri- 

gated with wastes from potato processing plants. 

. .  

. .  

...., , ::a* ' ' ~  

. 

. . .  . 
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Chemical reactions a t  the of a suction sampler MY clog the 

porous network. One type of chemical reaction i s  precipitation (e.g. Of 

f e r r i c  compounds). However, considering the wide variety of chemical wastes 

which'are disposed o f  a t  land treatment units,  other effects  are  also possi- 

ble,  leading t o  the inactivation of suction samplers. 

The operator of a land treatment f a c i l i t y  may wish t o  determine the 

possibil i ty c f  clogging from e i ther  particulates or chemical interactions 

before instal i ing u n i t s  i n  the f ie ld .  

employed (e.g., plot; intended for the "treatment" demonstration). 

of  suction samplers should be installed i n  the monitoring.zone a t  each p l o t  

and waste applied a t  the proposed rate. : The yield of each cu'p should be 

determined . throughout  the t r i a l .  

soil  water (e.g., tensiometers) should also b e  installed t o  ensure tha t  ttie 

' 

For example, t e s t  plots could be 

A cluster  

Devices for  measuring the suction o f  the 

.-soil-water suction i i  w i t h i n  the operating' range o f  the cups. This  will 

demonstrate tha t  cups f a i l  t o  operate because of ' .clogging and not because the 

soi l  i s  too'dry. . 

Even though  suction samplers may f a i l  because o f  clogging, the problem, 

may stili be an operational d i f f icu l ty  t h a t  can be overcome. For example, 

instal l ing s i l i c a  sand around the cup,may f i l t e r  o u t  particulate matter. 

Unless t h i s ,  f i l t e r  becomes clogged, the samplers should continueito operate. 

However, this approach may n o t b e  sufficient t o  prevent cloggirtg by, chemical 

interactions. 
. .  . .  

/ 

. .  
. .  
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4.9 .3 .2  Change -in the Compositioc o f  Hazardous Constituents During 
f4ovement Through Fore-Liquid Samplers- 

I t  is  fairly-we11 establisi~ed that the porous segments of suction 

samplers f i l t e r  ou t  bacteria b u t  n o t  virus. Similarly a reduction may occur 

i n  the metal content o f  liquids moving into samplers because of interactions 

w i t h i n  the ceramic segment. This prgblem can be reduced by acid leaching the 

cups before they are installed i n  the f ie ld ,  5s described i n  another section 

of th i s  report. 
. J  

4 

Because a major concern a t  land  treatment areas is  the fa te  of hazardous 

organic constituents, the amount of organic-cup interacti'ons should be 

estimated before f i e ld  instal l ing sampling uni ts .  Change i n  tt+ composition 

of hazardous cons t i t imt s  dur ing  liquid movement through suction sampiers can 

be demonstrated by labo'ratory studies. Basically, during-such studies 

suction samplers are placed i n  liquids of known composition contained i n  

beakers. .Samples are drawn into the cups and extracted ftir analysis. The 

. .  

- .  

change i n  composi.tion i s  then easily calculated. 

is essential t ha t  each cup be preconditioned i n  accordance with recommended 

practice, i .e.,  f l u s h i n g  w i t h  8N KC1, followed by rinsing w i t h  d i s t i l l e d  .' 

water. 

In preparing these tests i t  

. .  

. -  i t  . .  

4.9.4 Climatic Factors d 

A major factor  l i m i t i n g  the operation o f  suctian samplers i n  very cold 

climates is that  the soi l  water may become frozen near the cups. This means - 
tha t  a sample cannot be obrained dur ing  freezing conditions. Another undocu- 
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I mented problem which conceivably could Occur i s  freezing of samples w i t h i n  

-the cups and l ines ,  so t h a t  the  samples cannot be brought  t o  the surface. 

Since the samplers are located a t  depths greater than 1.5 m (5  f t ) ,  i t  i s  

I 

i unlikely t h a t  freezing would occur a t  this  depth. Prior to  winter set t ing I 
in, the  l i nes  should be flushed. 

reconmended during winter months i n  very cold reg*ons these problems may be 

academic. 

Inasmuch as land treatment i s  n o t  

Another effect  of freezing temperatures is  that  some so i l s  tend t o  heave 

during freezing and thewing. Consequently, suction samplers may be displaced 

in the so i l  prof i le ,  resulting i n  a break in contact. 

u p s  a re  fuil of liquid when frozen, the cups may be fractured a: a resu l t  of . 

expansion of -the frozen l i q u i d .  Th? extent of these problems, however, has 

not been determined. 

IR, addition, 'if the 

- 

43.5 Safety Precautions 

Worker s a f e t y ' i s  of paramount importance when instal l ing systems o f  

pore-liquid. samplers i n  active land treatment s i t e s ,  and during sample 

hardling. 1.n some cases a l l  contact w i t h  the waste and liquid samples should  

he.avoided, and. toxic  fumes should not be inhaled. Similarly, certain wastes 

a n  highly - f7a&able and precautions should be taken to  avoid creation o f  

sparks. No smokiog 'should 'be allowed. The degree of precaution t h a t  shouid 

be exercised; including the' type of protective clothing, must be decided a i  a 

case-by.-case basis. ' Further safety precautions are discussed in. Section 3 .  

. .  

. .  
. -  . .  
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This article discusses potential sources of error tha t  c a n  lead-to contornination, including drilling 3 

.F. .:x 
,? 
3 $3 

techniques. construction materials a n d  sample collection methods. 

'2 
by C.W. Fetter 3. 
Introduction ' 9 
- Under the provisions of the 
Resource Consemtion and Recov- 
ery Act (RCRAI and related regula- 
tions ground-water monitoring is 
required at facilities where hazard- 
ous materials have been stored or 
disposed. This includes landfffls. 
sludge. holdingponds. seepagepits. 
treatment lagoons. landfarms and 
drum storage areas. Ground-water 
monitoring is frequently required 
as part of  the permitting process for 
new municipal and hazardous 
waste lan'dfills. It is generally pre- 
sumed that ground-water monitor- 
ing gives an accurate representa- 
tion of the concentration of solutes 
in the ground water. This article 
identifies possible sources of  con- 
tamination and ermr which may 
I-esult innon-representativeground- 
water sampling. Because of the 
nature of  many of these error 
sources. controlled experiments 
would be difficult to conduct and 
interpret However. by recognizing 
possible sources of contamination, 
the necessarystepscan be taken to 
minimize their occurrence. 

There have been a number of 
recent publications on methods of 
drilling boreholes and design and 
installation of ground-water moni- 
toring wells (Scalf et al. 1981. 
McLemore 1981 andU.S.EPA 19771. 
These reports prob?de a n  ewellent , 

background on this topic 

t4 GWMRiSpn'nQ 1983 

There are numerous opportuni- 
ties for sample contamination to 
occur. This article will focus on 
drilling equipment and techniques. 
construction materials and tech- 
niques, design erron and sample 
collection methods and equipment. 
but  will not indude a discussion of 
potential sources of error due to 
storage. transporntion and analysis 
of water sample. 

Drilling EquiDinent and 
Techniques 

The first opportunityforcontam- 
ination is during the process of 
drilling a borehole Boreholes are 
drilled for both subsurface investi- 
gations as well as the installation of 
piezometers and monitoring wells. 
The drilling equipment can be a 
source of such contaminants as 
gasoline. diesel fuel. hydraulic fluid. 
lubricating olls and greases and 
paint Soil and scale from drilling 
operations at other locations could 
cling to the rig and drill pipe and 
spread contm7nation 

Before drillino begins. the drill- 
ingrig tobeusedihoadbecarefully 
inspected.Anyle3king oil should be 
cleaned up and hydraulic seals 
replaced. The rig. drill pipe. bits and . 
tools should be cleaned to remove). 
surface oil. grease. soil and other 
potentially contaminating mater- 
ials. At a minimum. the equipment 

il 

e 

should besteamcleaned.?hestmm 2s. 
deaning shouId be foUowed by a .; 
detergent wash and a clear lsater I 

r i p s  lf trace osanic  contamination ,~ 
of the ground water is suspmted. - 
the rig and equipment should be U. 

decuntaminated with a methnol  <: 
rinse followed by a rinse with -+ 
organic-free water. A sample or the i. 
rinse uater from the rig should be ?;; 

collected and s a d .  Ifunusual con- $ 
tamination shows up in monitoring 4 
wells, the saved sample may impli- .i 
cate or vindicate the drilling rig as j. 
the source The rig should be  filled 
with oil. gasoline. diesel fuel and .< 
other fluids before being set u p  on i 
the job site. No grease should be $ used on drill stem joints o r  other -2 
surfamwhereit maycomeindirect 3 
contact with the soil or ground 4 
xater. Externally greased points on 3 
the drill rig should have only a very .i 

The need to dean drilling equip- I 

ment cannot be overstressed. The x: 
author is aware of  one interesting 
caseinvolvingaugersused to zample 
soil from an area containing spoils i 

from aphosphate processingplant * 
The waste contained elemental : 

phosphorous. The equipment was : 
cleaned after thejob and the drill rig a 
parlied for the night When fne soil : 
clinging to the flight augers dried. 8 

thephosphorous i$pitedandstarted i 
to bum. Fortunately. i t  was dis- j 

light coating of grease. ; 
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’ \ covered before the entire rig was 
.: destroyed. 

At some sites the Surface soil 
i 
j 
1 

may be contaminated. If this hap- 
pens a surface casing should be 
installed below the depth of the soil 

This will prevent 
from caving and 

i 
I 

i 
being dmged down the borehole 
during drilling. Care should be 
taken to assure that contaminated 
soil does not become entrain@ in 
UiedriUincmud. ifmud is used.The 

I 

best nay To avoid this is to install 
the surface casing by some means 
other than circulating drilling mud 
such as by driving or with flight 
augers. Following installation of the 
surfacecasing. thedrill bitand tools 
should be cleaned a5 necessary to 
remove all traces of contaminated 
so% 

It should alwaysbeassumed that 
theground surfaceiscontaminated. 
No drilling equipment tools or 
casing should be placed on the 
ground duringworkat thesite. New 
plastic sheeting should be laid on 
theground surfaceas aworksurface 
to store flight augers. screen. casing 
and fittings. This sheeting should 
be discarded after each hole is 
drilled. 

-Boreholes for monitoring wells 
will generally be installed by one of 
our methods: hand augers, truck- 

k o u n t e d  flight augers. mud rotary 
or air rotary. Hand-augered holes 
are shallow and if the equipment 
has been properly cleaned, should 
present no cross-contamination 
potential. Flight augers present the 
usual potential fuel and lubricant 
problemsassociatedwivith any power 
equipment Airand mudrotarydrill- 
ing have some additional concerns 
associated with them 

Washborings maybe made using 
clear water in some unconsolidated 
formations. Minimal amounts of 
drilling mud should be used when 
needed. The use of organic polymer 
based drilling additives should be 
avoided. if possible The organic 
material in these additives breaks 
down in the ground water and con- 
tributes chemical oxygen demand. 
biochemical oxygen demand and 
total organic carbon. This contami- 
nation can persist for some time. 
Figure 1 shows thechange inchem- 
ical oxygen demand with time in 
four monitoringwells drilled with a 

organic polymer. Au 
tarted with a high level of COD 

time threeof 

;; 
k 

the four wellshad much lower con- 
centrations 124. to 76 mg/i), The 
COD in the fourth well did not 

.. P .P 

100 

8 0  

- 
_1 . 60 
(II 
I 

0 

- 
o 4 0  

0 

20 

0 

0 
A 

C O N T A M I N A T E D  G R O U N D W A T E R  
4 

_. 
-. . 

0 

A - .  
0 . A 

0 . 
0 10 2 0  - 30 40 5 0  60 

D A Y S  S I N C E  B O R I N G  I N S T A L L E D  

Figure 1. Redudion with time of biochemical oxyciea demand of m e r  
bailed &om monitoring %-ells drilledwia cm orgcaic p o l p e r  
drilling fluid Note: The well hdicded by solid W.!mes is most 
likely sampling cctual conlamindion Son-ce: Ra. arobst and 
P.M. Bus rko  (in prep.) 

0 

0 4 0  5 0  6 0  125  2 0  ’ 3 0  10 

D & Y S  S I N C E  B O R l N G  I X S T A L L E O  

flgure 2 Reduchon wih tune of biochemical oxygen demar.d of - d e r  
bmled &om momlonng we& M e d  mth comnernal bentolllte 
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appreciably decline. indicating that 
the COD was due to ground-water 
contamination. not the drilling 
fluid. 

Commercial bentonite for drill- 
ing muds usually contains some 
organic polymer to ald its mLving 
with water. As is the case with wells 
drilled with organic polymers. 
ground water from wells drilled with 
bentonite can yield high levels of 
COD. In one such set. of wells. 
groundwater samples contained 
initial values of 40 to 90 mg/l of 
COD. Some 60 days after installa- 

~~ 

tion COD had declined to a back- 
ground level of.4 m a l  (Figure 2). 

Air-rotary drilling is generally 
used for installing w a s  in hard 
rock DriU cuttings are brought to 
the surface by a stream of com- 
pressed air. If the borehole is below 
the x-iater table, the compressed air 
will also blow spray to the surface 
The compressed air can contain 
small quanrities of oil and evhaust 
gaseswhich mightcontaminate the 
borehole These can be filtered from 
the 2ir stream prior to entering the 
borehole. thus avoiding potential 
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’ contaminationIncasetheborehole 
should encounter contaminated 
ground water. drilling personnel 
should be protected from the 
exhaustair andwater coming from 
the borehole. 

’ 0 Inordertoprotectdrillers‘health 
and maintain the integrity of the 
monitoring wells. drillers should 
wear protective equipment appro- 
priate to the known or suspected 
waste. Minimum equipment com- 

-monly includes impervious gloves, 
boots, coveralls and splash goggles. 
Disposable gloves, overboots and 
overalls are available: new gear 
should be used for each separate 
monitoring well installation so that 
contamination is not transferred 
from one well to another. 

Construction Techniques 
and Muterials 

Selection of the t p e  of material 
from which aground-water monitor- 
ing well is constructed is very 
important The designer must make 
a trade-off between mst and poten- 
tial sampling interference. Two 
types of interference are possible: 
the casing might contribute a con- 
taminate not already in the ground 
water. or it might absorb contami- 
nants which are in the aquifer. The 
cement used lo join PVC pipe has 
beenshown to bleedorganic chemi- 
cals into water in contact with the 
W C .  lSosebee et aL 1982, Miller 
1982 and Bwttner 1981). Various 
types of flexible tubing, including 
poJethylene. polypropylene. black 
latex. PVC and “garden hose” were 
found to bleed compounds into 
organic-free water. This effect per- 
sisted even though the tubing was 
flushed out with organic-free water 
for some time (Junk et al. 19741. It 
mbeenreprted thatTeflontubing 
does not leach organics into water 
(Miller 19821. Pettyjohn et al. (1981) 
suggest that the preferred order of 
w i n g  materials for sampling for 
trace organics in ground water is 
gkss. Teflonstainlesssteel. polypro- 
pylene. polyethylene. other plastics. 
metals and rubber. However, Miller 
(1982) showed that PVC was 
superior to polypropylene and poly- 
ethylmewhen testedforadsorption 
and leaching ofsiv common volatile 
Organic compounds. All three plas- 
tics were found to absorb lead but 

e 

! 

not chromium 
’ 0 Selection of Teflon casing for - 

monitoring wells evposed to “both 
organic and metalliccontamination 
is preferred if the budget allows. 
Othenvise stainless steel or WC 
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V A T E R  

C O N F I N I N G  

S T E P  1 

I N N E  
C ... 

L J 
STEP 2 

S T E P  3 

., 

S T E P  4 

Pigure 3. Steps in inslalling a doublecasedwell to prevent cross. 
contamination of aquifers 

iipe with threaded couplings is 
)robably the best choice. Rigid PVC 
Lppeam to avoid some of the prob- 
ems associated with PVC tubing 
iince the compounds bled from the 
ubing come primarily from the 
hsticizers. Insiallation of a moni- 
iring well in an uncontaminated 
rea can be used as a background 
,heck to determine if the casing is 
:ontributing contamination (Petty- 
3hn et al. 19811. 

Pipe should be selected and the 
velldesignedwith thespecificappli- 
ation in mind. The designer must 
nake ajudgment as to the evpected 
irpotentialcontaminantsand select 
he material which will provide the 
a s t  interference. 

If an aquifer to be sampled lies 
ielow a contaminated zone. proper 
Jell installation techniques must 
eapplied toavoidcrossmntamina- 
ion between aquifers. This can be 
ccomplished by doublecased wells 
specially if there is a confining 
Xyer present between the two 
quifers. 

Figure 3 shows the steps in the 
istallation of a double-cased weU. 
n the first step. a boring is made 
ising mud rotaqequipment todrill 
hrough the contaminated aquifer 
nd into an underlying clay codin- 
ng layer. A casing is then installed 
1 the borehole and cemented from 

the bottom to the.surface (Step 2). 
The casing is then thorougrhly 
flushed with water to remove any 
drillingfluid.Awatersampleshould 
be collected at  this point from the 
outercasingand tested f o r c o n h i -  
nation. In the third step, a s m e r  
diameter borehole is drilled inside 
theoutercasing through theconfln- 
inglayer and into the aquifer which 
is to be sampled. Finally. the rnoni- 
toringwell is placed inside the outer 
casingandcementedfrom the topof 
the lower aquifer to the Surface 
(Step 4). 

If there is soil contamination. 
but no confining layer. then a sur- 
faceeasing should beinstalledMow 
the level of the contaminated soil. 
The depth of soil contamination 
must first be determined. This can 
be convenlentlydoneby hand auger- 
ing in many cases. The installation 
of a doublecased well usin& the 
surfacecasing a s  the outercasing is 
then accomplished as  detailed 
abo-:e. 

installation of double-cased 
monitoring wells is eypensive, but 
not nearly as e.\Fensive as remedial 
measures which may have to be 
taken to restore an aquifercontam- 
inated by a cross-connection. 

Ground-water monitoring wells 
should bedeveloped thoroughlyand 
carefuUydler drilling. Development 
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Figure 4. Monitoring well which by impropr deslgn fails to detect 
maximum concentration of ground-water contalnination due io 
dilution of plume by uncontaminated water 
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G R O U N D W A T E R  F L O W  

Figure 5. Monitoring well which by improper design fails to detect the 
presence of a low denzity fluid 

iniieases the well efficiency and 
removes fine materials which may 
cause turbidity and therefore inter- 
fere with Chemical testing. It is 
especially important to break down 

water-qualitysampling. Uncontami- 
nated water can dilute contami- 
nated ground water and result in 
incorrect water-quality analyses. 

and remove any bentonite which is 
in the borehole. Bentonite can 
absorb heavy metals and interfere 
with the water-quality testing.lntro 
ducine water into the we11 during 

Loccrtion of 
Monitoring wellS and 
%mP-g h k I V d S  

Improperly located ground-water ~- 
deyel&ment 'should be avoidec 
Dlocksurgingandpumpingarepre- 
ferred methods of develooment If 

monitoring wells or poorly selected 
screen depths can result in water 
samples which have solute concen- 

uater must beadded to the'borehole. 
it should come from a source which 
is known to be free of contamina- 
tion. Ifwater is added during devel- 
opment the well should be pumped 
to remove several times the volume 
of the introduced water. 

In situ permeability tests. using 
pumping. bailing or displacement 1 techniques may also be conducted 
in monitoring wells. Ifclear, uncon- 
laminated water is poured into the 
well foraslugtest thewellshouldbe 
pumped toremoveseveral times the 
volume of introduced water prior to 

trations lower than those actually 
existing in the aquifer. The sample 
is. in a manner of speaking, being 
"contaminated by background 
ground-water quality. 

The locations for monitoring 
wellsshouldbeselected on thebasis 
of site hydrology. It is entirely pos- 
sible to have one upgradient and 
three downgradient wells. as re- 
quired by RCRA. and still miss a 
contaminant plume. The pathway 
of the plume will be determined by 
local hydrogeologic conditions: it 
will foUow the most permeablepath- 

. .  
, - _+ .":."; 
. 

, _.~_. - .:1 I- 

cav and may not move normal to ,: 
thhehydrawnulicgradient(Fetterl981). 
The importance ofproperjudgment . 
in designing the monitoring well 
network cannotbe ovex$ressed 

In Figure 4. for example. a mod- 
toring well is located dourngradient 
o f a  landfill. The monitoring well i s  
screened to the bottom of the aqui- 
fer. and a leachate plume is located 
In the top of the aquifer. The mod- 
toring weU intercepts the leachate 
plume. but also draws unco$ami- 
nated .i%ater. Results of sampling 
the' monitoring well may indicate 
that the ground water is not as 
contaminatedasitactuallyisdue to 
dilution In order to determine the 
maximum concentrations in a 
plume, multiple-level monitoring 
wells. with sampling devices at 
several intervals. can 'be used 
[Fickens et al. 1981. GilLham and 
Johnson 19811. 

Low density liquids. such as 
petroleuniproducts.maybe difficult 
to detect because they tend to move 
either in the capillary zone or be 
dispersed only into the very top of 
the phreatic zone. Ivionitonngwells 
which are installed too deeply may 
not detect the contamination 
(Figure 5). 

Monitoring Eqdpkent and 
Techniques 

Once a well has been co~~ectty 
designed. installed and developed, a 
sample mustbeproperfywithdrawnwn 
from the well. Water sitting in the 
well foraperiodoftimewillnothave 
the Same chemistry as  water in the 
aquifer. Solutes may be sorbed or 
desorbedfrom thecasingandscreen 
material. asidation may occur and 
biologic activity is always possible 
I w f e t  al. 1981). 

'Water may be removed frum the 
well by means of bailers. peristaltic 
pumps. air-lift pumps. nitrogen-lift 
pumps and submersible pumps 
Research has shown that thechem- 
lcal quality ofthe water withdrawn 
from a monitoring well sill vary 
ulth the amount of mater pumped 
prior to sampling and the type of 
pump used IGibb et aL 1981). Peri- 
staltic or submersible pumps and 
bailers have been found to bemore 
reliable than air- or nitrugen-lift 
pumps. The former types of pumps 
change the pH of the water during 
sampling. thus aITecting the water 
chemistry. Gibb et al. ( 19811 suggest 
that from five to 10 well volumes of 
yater should be removed from the 
wells before consistent chemical 
quality results can be obtained 
Monitoring pH and conductivity in  

, 
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the field during sampling will indi- 
cate when chemical quality has 
stabilized. 

I" the case of volatile organic ... ~~ ~ 

compounds. peristaltic or air-lift 
pumps should not be used as they 
tend to strip the volatile organics. 
Designs are available. for all-glass 
and Tenon positive displacement 
pumps (Thompson et al. 19801 and 
an all Teflon-glassbailer (Scalfet al. 
1981) Either is appropriate for 

A standard procedure used dur- 
ingsamplingis to field-fiterground- 
watersamples through a45 micron 
filter at the time of collection. This 
can be accomplished by using an 
in-wellpumpwithanin-line filter in 
the dischargeline.Theadvanbgeof 
this setup is that samples can be 
isolated fromtheatmosphereduring 
the entire pumping. filtering and 
sample-bottle filting process. Field 
measurements of pH. Eh and spe- 
cific conductance should be made 
in the well or in a closed cell to avoid 
sample oxidation. 

AII sampling. collecting and filter- 
ing equipmentshouldbe thoroughly 
rinsed and cleaned behveen wells. 

-For wells with suspected trace 
organics, sampling equipment 
should be washed with detergent or 
acid and then rinsed thoroughly 
with tap water and then deionized 
water. Glass sample containers can 
be heated to 560 degrees for two 
hours to drive off any remaining 
volatile organics (Scalf et al. 1981). 
Steelorelectrictapesusedforwater- 
level measurements in one well 
should be cleaned before measure- 
ments=< taken inothermonitoring 
wells. Disposable plastic or rubber 
gloves of a type appropriate to the 
contaminantshouldbewom byper- 
sonnel during thecleaningofsampl- 
ing equipment and also during 
sampling. New disposable gloves 
should be used for each monitoring 
weU 

Conclusions 
Monitoring wells are subject to 

many potential sources of contami- 
nation duringdrilling, construction. 
development and sampling.Analyti- 
cal techniques are routinely used 
which measurechemical concentra- 
tions inparts perbillion. Ifcontami- 
nated water samples are drawn from 
amonitoringwell. therewvillbesub- 0 stantid Sums expended for further 
study.and perhaps forremedialand 
closure actions. With improperly 
designed. Constructed and tested 
monitoringwells. there is apotential 
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- sampling for volatile organics. 

~~~~ ~ ~~ ~ 
~ ~~~ 

that the contamination detected is 
an artifact. Properly constructed 
monitoring wells \viU be eupensive. 
butin thefinalanalysis theymaybe 
far cheaper than an inmpensiw 
monitoring. well. ivhich broduces 
false indications of groundwater 
contamination. 
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by Timothy Fishbaugh 

Abstract 
A ground water monitoring program should in- 

dude an investigation ofall possible areas ofconcern. 
To becompletelyeffective. the programshould include 
soil-sampling. soil analysis and water-quality exam- 

ation ofboth the saturated and unsaturated zones. 
vell-tooled drill rig can take all the proper soil SF-  @ es. perform all necessary tests and install a func- 

tional monitoring well. With the introduction ofthe 
fluoropolymer (Teflon@) sleevelysimeter. asingle mon- 
itoring well can be constructed to monitor both the 
saturated and unsaturated zones in one installation. 
The monitoring well screen and casing may also be 
comptetely constructed of fluoropolymer. 

The sleeve lysimeter is designed with a threaded 
hollow inner diameter, allowing it to be attached 
between the joints of a casing string. This hollow LD. 
acts as  an extension of the casing: the lysimeter sur- 
rounds the casing. This creates an isolated vessel for 
sampling the vadose zone. Access to the screened 
monitoringwellbelowis unaffected.Tests haveshown 
that when properly installed. these porous fluoro- 

polymer filter units can collect sampleswith no inter- 
action between the filter and collected fluids 

Introduction 
Awell-executed groundwater rnonitoringprograrn 

entails the study of’coth !he saturated zone and the 
unsaturated (vadose) zone. The saturated zone has 
been extensively studied in attempts to document the 
presence of ground uater contamination. 

The unsaturated zone onthe other hand  has not 
been studied in detail until very recentIy. Manysam- 
pling devices are now available to sample soil pore 
water from the unsaturated zone. These include 
vacuum plates and tubes, membrane filter samples. 
absorbent devicesand the vacuum pressurelysimeter 
(Morrison 19831. 

Due to increased reliance on monitoringat waste 
sites (landfills. lagoons. etc) a s  an “early warning” 
detection system. monitoring of the vadose zone has 
become a more standard practice. This must be a 
complete cost-effectiresystem. Most important is that 
representative samples are obtained. 

The ability to monitor both the unsaturated and 
saturated zones in om bore hole is not new.A major 

TABLE 1 

Relative Compdibility of Rigid  Well-CCrsing Material 
(After Barcelona e t  al1983) 

WC Galvanized Ccubon Lo-Carbon Stainless: Stainless 
1 steel steel steel steel 304 steel 316 

uffered weak acid 100 56 51 59 97 100 
ak acid 98 59 43 47 96 100 

Aqueous/organic mixtures 64 69 73 73 98 100 
ineral acid/high solids 100 48 57 . 60 80 82 

Percent overall rating 91 58 56 59 93 96 

9t. 
Fa!\ 2984 

. . .. . 
, ., .. ... . -. ..&- 

Teflon 

100 
100 
100 
100 
,100 

183 



Chemical Inertness 
Advancements in ground water monitoring Sys- 

tems are due to the inertness of Teflon sleeve lysime- 
ters. The Tenon medium of the sleeve lysimeter does 
not exhibit the water qualify problems inherent with 
otherlysimeters (Momson 1983). No other substance 
has sumassedTefloninchemical inertness.ewcept for 

. a . .  

53vancement in the monitoring of these zones. how- 
ever. is the use of one casing string. constructed 
Teflon (fluompolymer). and aTeflon sleeve 

for varied sample storage 

The unit consists of @e following 

Threaded cap with tubing connectors 
* Blank casing 

Threaded porous Teflon section 
C Blankcasing 

Endcap 

~ ~I 

laboratory&S (Timco 1984). 
in 2 rmnrt released bv the Illinois State Water Sur- l..__ ____.-.. 

vey(Barce1onaetd. 198i)Polyvinylchloride LPVC) has 
been shown to release and absorb trace amounts of _ . ~  
m i o u s  organic constituents to water. In the report 
comparative tests of ferrous metals, PVC and Teflon 
were performed. The results are shown in Table 1 and 
the following conclusions are made ' 

0 PVC is .a particularly problematic material, 
showing both the absoqtion/release of organic com- 
pounds and the leaching ofcompounding ingredients. 

Teflon representsa nearly ideal wellconstruction 
materid. The structural properties of Teflon are suffi- 
cient for the most exacting environ'ments. Teflon has 
not been reported to contribute organic or inorganic 
contaminants to aqueous solutions. 

Well casing and screen materials, in order of 
preference, for most monitoringsituations areTeflon 
stainless steel. and rigid-threaded PVC. (Table 21. 

TABLE 2 

- Rankina of R i a i d  Muterials 
(After B&celo& et al 1983) 

.. . Teflon 
Stainlesssteel 316 
Stainless steel 304 . 
PVC 1 
Lo-Carbon steel 
Galvanized steel 

.- Carbon steel 

It can be concluded from this report that PVC is a 
source ofcontamination and that i t  is capable ofcaus- 
inc bias in a samole. Because ofTenon's overall chem- 
i d  resistance tcis material is  especially useful when 
dealing with PVC contaminants or unknown trace 
elements. 

The Sleeve Lysimeter 
Thesleevelysimeterisused tomonitorpollution in 

the unsaturated zone. By applying a vacuum to the 
lysimeter moisture is drawn into the unit. The wafer 
collected in the unit is then forced to the surface by 
inert pressurized gas. The filter is a tubular design. 
originally developed by TimcoTM. which allows for the 
collection of larger samples a t  a faster rate than cup 
designs (Dupont 1982). 

The sleeve lvsimeter and all other 'installation 
materials can b: constructed of 100 percent Teflon. 
Theunit isconstructed oran innercasing surrounded 
by thesamplingsection foallowaccess to themonitor- 
Ing well below. The outside diameter of the sleeve 
lysimeter measured 88.9mm (3.5 inches] and can 
accommodate 38.lmm or 50.8mm (1.5 inches or 2.0 
inches) inside diameter flush-threaded casing. Stan- 
dard length is 609.6mm (24.0 inches) with optional 
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size.-iisdeterminedbycomparativelaborato~studies 
atTimco during thedevelopment ofTimcolysirneters. 
The flush-threaded design allows the sleeve lysimeter' 
to be constructed to suit the specific soil charac- 

The monitoring system for the satuxatedlunsat-. 6 rated zone is a versatile assembly of Teflon con- 
struction materials The components of the system. 
the sleeve lysimeterand the casing and screen can be 
selected for the most reliable. yet economical system 
possible. 

If chemical inertness is not necessary. the sleeve 
IySmeter and the casing and screen can be construc- 
ted of PVC. If chemical inertness is required. but only 
in certain zones. Teflon materials are used in those 
areas being monitored. while less ineit materials are 
used in areas that will not affect the sampling zone. 
These less inert materials include.PVC or stainless 
steel adapted to theTeflon Using less inert materials 
heIps to cut costs provided sampling bias doe% not 
occur. If total chemical inertness is necessary, a com- 
plete Teflon construction is recommended. which 
would include the screen. casing and sleeve lysimeter 
and all tubing and sampling devices. This is the only 
way to assure a pure sample. especially in monitoring 
areas of unknown contamination. The use of PVC or 
stainless steel construction 'materials would cause 
uncertaintiesas to thetypeandlevel ofcontamination 

Installation 

I teristics. 

he Sleeve Lysimeter system 

The installation of a monitoring system utilizing 
the sleeve lysimeter has also proven to be advanta- 
e&s. Many methods of unsaturatedhaturated zone 
onitoring have been conducted. including a moni- 4b oring well surrounded by lysimeters (Figure 21. or a 

monitoring well with separate lysimeters installed'in 
the same borehole [Figure 3a). 

Both of these installation methods have their 
drawbacks. In the first method, in which a weU is 
surrounded bylysimeters. it is necessary to drill three 
to five boreholes. Not only is this expensive but it 
creates correlationproblems. In thesecond method in 
which separate lysimeters are installed in the same 
borehole. two to four conductor pipes with multiple 
seals are neeaed. thus increasing the risk of surface 
water channelization. Correlation between the lysi- 
meter to the well is yet another problem with this 
method. 

Therefore. a more cost-effective and reliable system 
consists ofapipebywhich thelysimeters and screens 
can be suspended.Asleeve1ysimeterenables this type 
of setup (Figure 3b). 

The sleeve lysimetersystem is installed in a 20.32 
cm (8-inch) borehole (Figure 4). The screen is set. 
gravel-packed and sealed with bentonite. At the same 
time the sleeve lysimeter is set as  part of the same 
casing string as the screen. Once the backfill isjust 
below the sleeve lysimeter. another bentonite seal is 
set. Then a silica s l u q  of 1501111 of distilled water to 
.45kgo199.8 percentpure silicaflour(.04gallon water 
to 1 pound flour) ispouredaround thesleevelysimeter. 
creating contact between the soil and the sleeve 

simeter and deterring clogging of the filter pores. 
he sdxa pack is poured completely over and above 

the sleeve lysimeter. This allows for slumping of the 
slurry. A bentonite seal is ihen placed above the 
lysimeter and the hole is backfilled and grouted. 

. a. . .  

Figure 2 Monilohg well installciion suiounded by 
lysimeter installations 

SMALL DIAMETER SINGLE WELL 
WELLS WITH WITH SLEEVE 

: LYSIMETERS LYSIMETERS 

Figure 3. a. Smd-diameter wells with separate h5iIRS 
ten: b. single well with sleeve lpsimeten- 
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.. . -& Thcsleevelysimeterdso makesitpossiblerostack 
; more thanonelysimeterinthesameinstallation. Stu- 

diesshowthat thelysimeterscanbestacked less than 
Im apart, if necesary (Morrison and Szecsdoy 19841. 
In most applications. however, spacing is not alimiting 
factor. 

~~ .?~orc r to~y  Evaluation _ .  e AtestwasrunbyTimcoTechnicdSerVices toeval- 
uate the ability of the sleeve lysimeter in drawing a 
sample from the unsaturated zone. The test was 
designed to measureboth thesample receivedand the 
percentage of soil moisture present. 

The porous medium of the sleeve lysimeter was 
Tonstructed ofTeflonwhile thebodywas madeofPVC. 
This was done to reduce costs..A standard 88.9mm 
O.D. by 609.6mm long (3.5 inches O.D. x 24 inches 
long1 sleeve lysimeterwas used with a 50.8mm I.D. (2 
inches LD.) flush-threaded casing. 

Standard Timco lysimeter evaluation installation 
procedures were followed. This involved installing the 
unit in a 121L (32 gallon1 plastic container holding a 
moist 40-50 mesh masonry grade silica sand. The 
containerwasdesignedwith holesbored in theside to 
allow sampling of the sand for moisture content and 
bottom holes to simulate natural drainage. 

Approximately4-6 inches of soil was placed in the 
bottom of the container. A casing approximately 7.6 
cmI3inches)largerthan thelysimeterwas thenset in 
thesandtoactasastandpipe.Sandwas thenadded in 
around thestandpipe filling the containerto capacity. 
A silica slurry made up of 150x111 of distilled water to 
.45kg of99.8 percent puresilica flour(.04gallonwater 
to 1 pound flour). was then poured to a depth of 7.6 to 
l0.2cm (3 to 4 inches) in the standpipe. Next, the 
sleevelysimeterwasplaced in the center of the stand- 

.. . 

STEEL 
PROTECilVE. COYER 

YACUUM-PRESSURE 

GAUGE \ 

LYSIMETER PRESSURE/ 

HATIVE BACKFILL 

TEFLON'. CASIHG 

SLEEYE LYSIMETER 
BEHTONITE SEALS 

OHSATURATED 

---------------- 
SATURATE0 

CRAVELISAHO PACK 

Figure 4. Monitoring well and sleeve lysimeter instal- 
lation 
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pipe and the balance of the slurry added until the-;Gd . 
tysimeter was we~-cowre!ci."Care ivas taken to ensureypd 
that the lysimeter was centered. The standpipe was -z;:,: 
ihen,removed by twisting and pulling so as  not to .+y+ 
allow the silica to adhere to the standpipe walls. By %-! 
removing the standpipe the silica SlUrrY W a s  allowed .!:y%? 
to make contact with the soil medium 

_... 

. - .~  h -,,..< 
. l i i  A vacuum of.508mm of Hg (20 inches of Hg) was 

applied immediatetyafter installation usinga vacuum- 
pressure hand pump. The tubing was then closed off 
to ensure noloss ofncuumAt  approxirnately2Phour 
intervals the lysimeter was sampled ITimca Technical 
Services Division 1983). 

A glass flask with a two-holestopper was used to 
retrieve the sample. The evacuation orsampling tube 
was inserted into one side of thestopper.Another tube 
was inserted into the other side in order to apply a 
vacuum.A vacuumwas applied untilsampling ceased 
This pracedure was repeated at 2Phour  intervals, 
producing the data in Table 3. Soil moisture data was 
also collected and recorded at  intermittent intervals 
(Table 31 (Timco 1983). 

Sampleswerecollected down toasoil moisture of.4 
percent at-which time the lysimeter failed to collect 
any sample To remedy this probIem'3.OOOml(.79 gal- 
lon) distilled water was added after which the  unit 
started to function again. It should be noted that field 
installations of the sleeve lysimeter have continued to 
perform wdl. *~ 

Conclusion 
The development of the sleeve lysimeter has allevi- 

ated many ofthe problems involved in monitoring the 
saturatedhnsaturated zoneWith the sleeve lysimeter 
attached directly to the casing string. correlation 
problems behveen the zones are eliminated. Installa- 
tion time is reduced because the entire system is 
installed at  thesame time and because the number of 
seals and conductor pipes is at  a minimum. 

The sleeve lysimeter's threaded design enables the 
othercomponentsofthe monitoringwell to bevariable 
in design and construction.This affords a monitoring 
well suited for the soil characteristics and contami- 
nationpresent andalsodows thedesign to havemore 
flexibility with costs. It should be emphasized that 
savings in initial installation costs can be misleading 
in the overall long-term monitoring program. 

Thedevelopment OftheTeflonlysimeterand moni- 
toringwellhasmadeitpossibletoinstallatotallyinert 
monitoring system: a system in which the materials 
used inconstructiondonotinterferewith theintegrity 
of the well or the samples withdrawn. 
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TABLE 3 

Sleeve Lysimeter Performance Data 
(Timco Techaicul Services Division 1983) 

nme(ms)After 
Installation 

V a c u u m  - .  Sample Received %Moisture 
Remaining ML of Media 

24 
48 
72 
96 

120 
144 
168 
192 
216 
240 
264 
288 
312 
336 
360 
384 
408 
432 
456 

- 480 

- 

504 
528 
552 

0 
576 
600 
624 

11 252 
12 284 
17 138 
20 70 -_ .. 

Weekend No sample 
Weekend No sample 

12 8 
17 "8' 
'16 10 
20 20 
16 5 

Weekend No sample 
Weekend No sample 

14 0 
17 0 
18 0 
16 0 
16 0 

Weekend No sample 
Weekend No sample 

Added 3000 ML distilled water applied 20 inch Hg. VAC 
2 460 

400 
250 

' 14 ' 188 

Total Sample Received 2.341 

11 -, : 248 . 

. -  8 :  ' 0. 
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Advection and Dispersion i n  an Experimental 
Groundwater Plume 

David L. Freyberg, A. ?l. A X E ,  Douglas X. k c k a y  2 , 
3 and John A .  Cherry 

ABSTFACT 

In Au&t 1982, a known mass of s e l e c t e d  s o i u t e s  w a s  i n j e c t e d . a s  a 
pulse i n t o  an 'uncontaminated p o r t i o n  of an unconrined; g l a c i o f l u v i a l  
sand a q u i f e r  a t  Canadian Forces Base Borden in Ontario,  Canada. 
Transport  of t h e  r e s u l t i n g  pluaes  by the n a t u r a l  g r a d i e n t  has been 
monitored u s i n g  a d e t a i l e d  three-dinensional. .  a r r a y  of sampliag p o i n t s .  , 
I n i t i a l  a n a l y s e s  of t h e  daca €.or c h l o r i d e  using e s t i n a t e d  spa t ia i  
c o n c e n t r a t i o n  moments r e v e a l  t h e  t ra 'cer  plume t o  be moving a t  a cons tan t  
and s p a t i a l l y  uniform mean v e l o c i t y  of 10; c d d a y ,  and  less c e r t a i n l y ,  
equal l o n g i t u d i n a l  and t r a n s v e r s e  d i s p e r s i v i t i e s '  o f  abouc 0.06 m. 

INTRODUCTION 

Recent . t h e o r e t i c a l  advances e.g., ( I ) ,  ( 3 1 ,  have .g rea t ly  i ip roved  
our  understanding of t h e  role of - s p a t i a l  v a r i a b i l i t y  i n  c o n t r o l l i n g  t h e  
behavior  of solute plumes i n  groundwater. However, v a l i d a t i o n  of the 
r e s u l t s  of t h e s e  s t u d i e s  i s  extremely d i f f i c u l t  u s i n g  r e a d i l y  a v a i l a b l e  
d a t a  on e x i s t i n g  contamination pluroes. In a d d i t i o n ,  few d a t a  ex is t  
which. can be used to  a s s e s s  how well our  t h e o r e t i c a l  and Iaboracory- 
s c a l e  understanding of so lu te -so l id  Gt r i s  . i n t e r a c t i o n s  can he appl ied  
t o  The i n t e r p r e t a t i o n  and p r e d i c t i o n  of f i e l d - s c a l e  behavior.  Hotivated 
by these  issues ,  a group of i n v e s t i g a t o r s  from Stanford .  Universi ty  and 
t h e  U n i v e r s i t y  of \ ,laterloo designed and i n i t i a t e d  a la rge-sca le ,  long- 
d u r a t i o n ,  n a t u r a l  g r a d i e n t  f i e l d  experi-ent.  Some i n i t i a l  r e s u l t s  f r o 3  
t h e  f i r s t  t h r e e  .months of esper imental  o b s e r v a t i o n s ,  focusing on 
advec t ion  3nd d i s p e r s i o n ,  a r e  reported.  i n  this paper.: 

THE ESPERIXEXC < 

The e s p e r i n e n t  is bein:; conductzd i n  an unconfined, g l s c i o f l u v i a l  ' ' 

sand a q u i f e r  a t  Canadian Forces Base a o r d f n  i n  Q n t a r i o ,  Canada. 'Tha.  
s i t e  is a n  i n a c t i v e  sand quarry downcrzdicnt from a n  .ibnndoned m-,unici?al 
l a n d f i l l .  The water  t a h h  i s  3.3-1 2 h e l o i r  the  qu:trry floor nnd t h c  



4 base of the  a q u i f e r  i s  def ined  by. a r e l a t i v e l y .  impermeab'le l a y e r  a t  a 
depth  of 9 m. The bot.ton 3 m of t h e  a q u i f e r  a r e  occupied by a l e a c h a t e  
plume f r o n  the  abandoned l a n d f i l l .  The  I a q u i f e r  s e d i n e n t s  a r e  
c h a r a c t e r i z e d  by d i s t i n c r  small-scale  ( 1-10 c m )  .horizontal bedding. w i t h  
r e l a t i v e l y  weak h o r i z o n t a l  continuity- 

On 23 August- 1982 11.95 m 3 of a s o l u t i o n  conta in ing  t y o  inorganic  
t r a c e r s  and f i v e  halogenated organic  compounds was i n j e c t e d  in to ;  the 
a q u i f e r .  The s o l u t i o n  was i n j e c t e d  f o r  14.75 hr a t  a cons tan t  rate OP 
1.5. f./min i n t o  each of the  n ine  i n j e c t i o n  wells shown on Figure 1. The 
w e l i s  were screened over  a 1.6 n thickness  of the. a q u i f e r  f ron"2.0 t o  
3.6  m below the  quar ry  f l o o r .  The i n j e c t e d  s o l u t i o n  composition was 

' ,chosen t o  i n c l u d e  organic  chemicals  w i t h  a range.  of expected m o b i l i t y  
. -and b i o d e g r a d a b i l i t y  i n  f h e  a q u i f e r .  Concent ra t ions .  were s e l e c t e d  to 

minimize d e n s i t y  effects,  maxinize t h e  d u r a t i o n  over  which measurea 
c o n c e n t r a t i o n s  can be d i s t i n g u i s h e d  f r o n  background, and t o  s i m p l i f y  
l a b o r a t o r y  a n a l y t i c a l  procedures.  

, The s o l u t e  plumes a re  being monitored u s i n g  m u l t i l e v e l  sampling 
wells similar t u  those developed by the U n i v e r s i t y  of Waterloo for 
preGious f i e l d  s t u d i e s  at  the s i te  ( 4 ) .  
d i s t r i b u t i o n  of sample p o i n t s  . i n s t a l l e d  a s  oE A p r i l  1983 is shown on 
F igure  1. Samples a r e  drawn simultaneously from a l l  p o i n t s  on a 
m u l t i l e v e l  w e l l  using a special ly-designed sampling manifold.. and. a 
p e r i s t a l t i c  pump. Approximately 56 m i  a r e  drawn' f r o n  each sanpl ing  
p o i n t  p e r  sample,. w i t h  '14 m i  r e t a i n e d  f o r  l a b o r a t o r y  a n a l y s i s .  The 
t r a c e r s ,  c h l o r i d e  and bromide, a r e  q u a n t t f i e d  u s i n g  ion:  chromatography, 
whi le  the o r g a n i c  coupounds a r e  analyzed us ing  gas chronatography , 

fo l lowing  pentane e x t r a c t i o n .  Hydraulic head i s  monitored a t  each 
m u l t i l e v e l  w e l l  wi th  a shallow and .deep piezometer.  A nore de ta ixed  
d e s c r i p t i o n  of the  experimental  d e s i i n  and procedures .has been presented 

The three-dimensional s p a t i a l  ' 

elsewhere (2) .  .: 

AS of A p r i l  1983, over 4400 sanples  from a network of near ly  1800 
p o i n t s  have been c o l l e c t e d  and analyzed. The m a j o r i t y  were taken d u r i n g  
seven sampling s e s s i o n s  a t  i n t e r v a l s  of 1-3 weeks. Five a d d i t i o n a l  
"snapshot." sampling s e s s i o n s  are planned f o r  Xay-December 1983. More 
f r e q u e n t  sampling (every 1-5 days) i s  be ing  conducted a t  s e v e r a l  
i n d i v i d u a l  p o i n t s  w i t h i n  the  w e l l  f i e l d  t o  provide d e t a i l e d  
c o n c e n t r a t i o n  t i n e  series da ta .  

EIOMELUT ANALYSIS 

Estimated noments of the concent ra t ion  d i s t r i b u t i o n s  provide a 
u s e f u l  means f o r  a s s e s s i n g  the  advec t ive  and d i s p e r s i v e  c h a r a c t e r i s t i c s  
of t h e  s o l u t e  plumes. For e sanp le ,  d e f i n i n g  t h e  i j k L h  noncnt of the 
concencrat ion d i s t r i b u t i o n  as 

where n is the p o r o s i t y  and C the c o n c c n t r a t i o n ,  Leads to the Eollowinz 
r e s u l t s  ahen t ra i l spor t  is ilssu:.iEd Ficliian i n  a homogeneous a q u i f e r  w i c i i  
uniforn s t e a d y  f low :ind nn  inscnntancuus source:  

9 
2 Freybrrg 



Here . Moo0 .is the mass of s o l u t e  i n  t h e  i a i t i a L  
is t h e  x-coordinate of t h e  c e n t e r  o f  mass of 

the  p l t p e ,  X 1 s  t h e  2x-conponent of t h e  mean' v e l o c i t y  
v e c t o r ,  u =' )/(:looo) - xc i s  t h e  variance of t h e  plume about x, = 

xc, and Dx:< i s  . t h e  d i agona l  component of t h e  d i s p e r s i o n  t enso r  For. t h e :  
x -d i rec t ion .  Addi r iona l  terms f o r  t h e  o t h e r  coord ina te  d i r e c t i o n s  are  
de f ined  ana logous ly .  PIore gene ra l ly ,  E q -  ( 3 )  may be taken as a 
d e f , i n i t i o n  of d i s p e r s i o n .  Furthermore Gelhar and Axness (1) 3 n d  o t h e r s ;  
have shown t h a t  1) Dxx, D and DZz may not  be cons t an t s  f o r  shock 
t r a v e l  d i s t a n c e s ,  and thalY'2) a symto t i ca l ly  , c o n s t a n t  va lues  of . t h e  
d i s p e r s i o n  c o e f f i c i e n t s  can be r e l a t e d  t o  t h e  s ta t is t ical  p r o p e r t i e s  or' 
aq .u i fe r  he t e rogene i ty .  

MOPEST ESTI:L4TES 

. .  plume, x = ( M  1 0 $ ~ ( M Q O O )  

Y 

Moments e s t i m a t e s  have bean obtained froin , the e x p e r i n e n t a l  d a t a  
c o l l e c t e d  t o  da te .  Because, as expecced, there is very  l i t t l e  evidence 
of v e r t i c a l  motion o r  d i spe r s ion ,  ear ly  a t t e n t i o n  htis focused O n  t h e  
h o r i z o n t a l  coord ina te  d i r e c t i o n s .  ( X , y ) .  Assuning k = 0 allows: the. 
d e f i n i t i o n  of the i jk t"  monent t o  be  expressed as: 

M i,i ,o = b 
1 ~ x i y j n  5 dxdy 

-m 

where 5 is t h e  Ser t ica l ly-averaged  concen t r a t ion  ove r  a s p e c i f i e d  
t h i c k n e s s ,  b. Use of 'C  p e w i t s  convenient. ,  a l though incomplete.  
g r a p h i c a l  r e p r e s e n t a t i o n s  of  plume s i z e  and s t r u c t u r e .  

Moments are e s t i o a t e d  us ing  snanshoc d a t a  by €irst calculat ing a t  
each sampling w c l l  using t r apezo ida l  quadra tu re .  These d a t a  are then 
i n t e r p o l a t e d  t o  a r e l a t i v e l y  dense,  regilar g r i d  (0.6 x 0.6 n f  using 
s p a t i a l  i n t e r p o l a t i n g  r o u t i n e s  a v a i l s h l e  i n  t h e  SSRFACE-II p l o t t i n g  
package. Nuzcrical  quadra tu re  i s  ussu t o  estimate tSe momencs' from t h e  
g r idded  da ta .  T h i s  procedure iaerotiuces n small s y s t e m a t i c  b i a s  m d  
smoothing o f  t h e  d a t a ,  but hoth a m  naint.iined $mall enough t o  nirtimize 
t h e i r  impact on escimatcd rionencs. 

INITIAL :e'sL:LE 

Fizu re  2 presents contour  p l a t s  o l  v e r t  ical ly-averaqed.  c h l o r i d e  
concen t r a t ion  j.nirnediilcel:,' 2nd  35 d a y s  nlr i . r  i n j e c t i o n .  Figure 3 shows 

i 
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t h e  coord ina tes  of t h e  es t imated c e n f e r  of mss of the  c h l o r i 2 e  pluoe. 
From t h e s e  d a t a ,  w e  estimate t h a t  the ,plume is travelin:: a t  a q u i t e  . 
s t e a d y  mean v e l o c i t y  of 10 cm/day a t  an angle  of 2 4 ° ' t o  t h e  x-axis. 
Plumes of 0the.r  c o n s t i t u e n t s  fe l low 
but  move a t  r e t a r d e d  v e l o c i t i e s .  Secause the x-axis was the i n i t i a l l y  
expected d i r e c t i o n  of t h e  mean hydraul ic  g r a d i e n t ,  we are c u r r e n t l y  
examining h y d r a u l i c  head observat ions t o  assess the . .  n a t u r e  oE t h i s  
behavior .  

the same d i r e c t i o n  as  the c h l o r i d e  <? 

F i g w e  4 p r e s e n t s  t h e  development o f  t h e  e s c i a a t e d  h o r i z o n t a l  
concent a t i o n  v a r i a n c e s  as a funct ion  of time s i n c e  i n j e c t i o n .  
While a and Cv appear  to be i n c r e a s i n g  l i n e a r l y  w i t h  t i m e ,  these d a t a  
are d i f s i c u l t  to i n t e r p r e t  a t  t h i s  e a r l y  s t a g e  of t h e  e x p e r i r e n t  because 
of s a m p l i n g  v a r i a b i l i t y  and t h e  s h o r t  o v e r a l l  t r a v e l  d i s t a n c e .  S t r a i g h t  

. l i n e  fits to the  d a t a  p o i n t s  y i e l d  e q u a l  e s t i m a t e s ' o f  0.06 m f o r  t h e  
l a te ra l  and t r a n s v e r s e  d i s p e r s i v i t y ,  4, and 5. These va lues  are not 
a t y p i c a l  f o r  t h i s  a q u i f e r ,  h u t  they m u s t  be i n t e r p r e t e d  w i t h  .great 

d e t a i l e d  o b s e r v a t i o n s  of hydraul ic  c o n d u c t i v i t y  v a r i a b i l i t y  being,  
c o l l e c t e d  dur ing  summer 1983 w i l l  enhance i n t e r p r e t a t i o n .  

5 2 

^_.- 

caut ion .  Ne e x p e c t  t h a t  t h e  a d d i t i o n a l  concent ra t ion  d a t a  and the  -, 
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Figure 3.. T r a j e c t o r y  of  c e n t e r  of  mass of c h l o r i d e  plume. 
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by Tyler E, Gass 
As a consultant who frequently 

participates in seminars and con- 
ferences pertaining t o  ground 
water quality monitoring. I a m  
often asked which method ofdrill- 
ing I prekr for the installation of 
a monitoring well. Gnfortunately, 
the person with the question is 
often disappointed by my response. 
for 1 have no particular preference. 
I try to explain that the s-lection 
ofa method ofdrillingis based on 
several factors. This person could 
easily find someone else who will 
give him a more direct answer, for 
it seems that there are some “pro- 
fessionals” who either have a bias 
toward a particular method. or 
never bother to consider that the 
appropriate method of drilling 
should be selected after consider- 
ing: 

types of formations to be  
drilled 

accessibility of the drilling 
site 

a depth of the completed well 
0 casing diameter that W U  be 

required to accommodate the 
sampling appamtus or monitor- 
ing equipment 

e the quality of the samples 
derived during the drillingprocess 

0 the potential for cross con- 
tamination during drilling 

9 the ease of clcaning equip- 
ment berore drilling the next hole 

* the ease of gravel packing or 
installing grou i 

equipment availability 
3 cost 
ff etc..etc. 

Are all of these Iactorsimportant? 
Some are more .important than 
others. but if thejob is to be done 
efficiently and achieve the client‘s 
objectives. then’theyare all impor- 
tant 

Some drilling methods seem 
to be preferred on a regional 

30 W / J  JUNE 1984 

basis. For example. hollow stem 
augers are very popular for install- 
ing Zinc11 diameterirells to depths 
of 100 fee; in unconsolidated 
formations in the Midwest and 
East Coast. but  t ha t  does not 
ensure tha t  they a re  not  being 
used in areas where rotary drill- 
ing or cable tool drilling would be 
more advantageous. 

As a means ofproviding.some 
guidelines for proper equipment 
selection, I have summaiized the 
advantages and disadvantages of 
different drilling methods here 
a long  wi lh  some pe r t inen t  
remarks. 

me P O k W  
The use of drive points pro- 

vides a quick, inexpenSiveway of 
installing monitoring wells in 
unconsolidated fonnations where 
the water table is shallow. 
AdVZUItBgeS 

I. Inexpensive 
2. Fast 
3. Excellent mobility 

Disedvsntages 
1. Limited to the useofmetal- 

2. Limited depth . 
3. Limited to unconsolidated 

formations 
4. Inability to get a good seal 

between casing and foima- 
tion 

lic casing 

5. No formation samples 

Jetting 
Likt: drive points. jelting pro- 

vides a fast. inexpensim method 
of installing monitoring wells in 
uriconsolitlated forniations. How- 
ever, the methods disadvantages 
place severe restricrions on i t s  
use for monitoring many ground 
water quality parameters. 
AdIantsges 

1. Fast 
2. Highly mobile 

3. Relatively inexpensive 

1. Requires Iarge quanti.ticb 

2. Difficult to get a good se: 

3. Limited casing diameter 
,4. Limited depth capability 
5. Poor sample acquisitio, 

6. Potential forcrosscontamill 

Disad~m’tages 

of water 

betweencasingandimehol 

during drilling 

ation during drilling 

SOllci-Stern Auger 
This method is relatively npic 

and ine,upensive- It is best suitet 
for formationswhere cavingo. 
sloughing i s  unlikely therefore-ii 
is limited to unconsolidated for 
mations and where wells are tcr 
minated close to the top of thi 
water table. 
Advantages 

1. Fast drilling in Ltnconsoli 

2. Inexpensive 
3. Good rnobdity 
4. Requires no drilling $hid 
5. Relativelyeasy to clean tools 
6. Can permit installation 01‘ 

casing with diameters LIP 
to 12 inches 

dated formations 

Disadvantages 
1. Limited depth capability 
2. Possibleborehole collapse 

3. Geologic sarnpling.diKicuJ1 
when augers are removed 

I-TOllow-Stem Auger 
The use of hollow-stem augers 

is ~,e”poptilarforinstalling mon- , 

itoring wells in unconsolidated 
forrnatioris to depths of approxi- 
mately 150 feet. Convenient use 
of a. split-spoon sampling device 
or Shelby-tube sampler permits 
good delineation of geologic 
materials. However, drilling prob- 
lems can occur while drilling 
below the water table. especially 
into’artesian formations. 



- 
' .&atages 

1. Good equipment mobility 
2. Hole caving is minimal dur- 

ing sampling and  casing 
installation 

. Excellent forgeologic "np- ." ling 
4. Permits the use of a variety 

of materials for well casing 
and screen 

1. Can only be used in uncon- 
solidated formations 

2. Limited depth capability 
3. Limited casing diameter 

4. Grouting and gxavel pack 
installation may be difficult 

liszdvanmges 

(2-4 O.D.) 

3uc-t Augers 
A'bucket auger  permits the 

iistallation of shallow large 
iiameter wells or multiple com- 
,letions in unconsolidated for- 
nations. However. drilling below 
Ire water table may present some 
lifficulties. 
idvantages 

1. No drilling fluid is required 
above the water table e 2. . Grai~el pack and grout in- 
stallation is easy 

3. Permits multiple comple- 
tions or the installation of 
several wells in a single 
borehole 

4. Permits excellent forma- 
tion sampling 

>iszdvdtages 
1. Limited depth capability 
2. Water or drilling fluid may 

benecess;lrybelow thewater 
table 

.3. This type of drilling equip- 
ment may not be readily 
available in all parts of the 
U.S. 

;&le. Tool 
The cable tool rig is increasing 

t i  popularity a s  a method for 
non i tori ng well iris tallat ion in 
loth unconsolidated and consoli- 
I;ilcd formations. Although i t s  
killing Iiltes are relatively s l o ~ .  
IS method of drilling provides 

:'nt formation sampling capability, 
ldvailtages " 

1 .  Good formatton sample 
iccovcry 

e. .chibilityof well design and escel- 

-- 

2. Good delineation of water 
bearing zones daringdri!ling 

3. Good equipment mobility 
4. Capability of drilling in  

most types of formations 
5, Permits a wide variety of 

monitoring well designs 
6. Permits easy gravel pack 

and grout installation 
Disadimntages 

1. Slow rate of fomlatiorl pene- 
tration 

5 Temporary steel casing is 
required while drilling in 
unconsolidated formations 

COn-Entional Nlua R0ia-y 
Conventional rotary might be 

used in areas where the concern 
was for future monitoring con- 
tamination. The drilling process 
can result in cross-conlaniiiiation. 
if Contaminants are present and 
drilling mud is likely to seal-off 
low permeability formations. How- 
ever. the method is fast, capable 
of drilling holes to great deplhs 
of various diameters in most geo- 
logic formations. 
A&XitZg€L5 

1. Equipment is readily avail- 

2. Satisfactory drilling in most 

3. Excellent depth capability 
4. Permits a wide variety of 

forination logging tools 
5; Well design flexibility 
6. Permits easy gi-avel pack 

installation and grouting 

able , 

geologic formations 

Disadva~itages 
1, IieqLiires a drilling fluid 

a.difficult to remove dur- 

b.mayaffect sample integrity 
c. circulates contaminants 

[hroughout ilie borehole 
2. Equipment  rnobi1it.y is 

3. Poor formation rccoiwy 

ing well development 

limited 

Air Rotary 
Air rotary drilling has regional 

popularity. especially whcre mon- 
itoring wclls will be installed to 
depths of several hundred feet or 
more. Like conventional mud 
rotary. there are  difficulties in 
obtaining formation samples and 
personnel maybe csposed to con- 

taminants blown out of the hole 
during drilling. 
Advantages 

1. Excellent perletration rates 
2. Offers good diameter and 

depth capability 
3. Installation of grout  and  

gravel pack is relatiwlyeasy 

1. Casing of unconsolidated 
or caving formations may 
be required during drilling 

2. Cross-contamination of the 
aquifers can occur 

3. Difficult formationsampling 
4. Relatively high drilling costs 
it ,is important to note that a 

casing hammer, if used in con- 
junction with air rotary drilling, 
can eliminate many of these poten- 
tial problems. 

Disadvantages 

.rnuble-W& R m m  
Circh~on 9- 

Interest is expanding in the 
use of double-wall reverse circula- 
tion drilling for installing moni- 
toring wells. This method of drill- 
ingeliminatsrnany of the disldsan- 
tages associated with conventional 
mud or air rotary drilling while 
maintaining most of their advan- 
tages. Unfortunately. this type of 
drilling equipment is not readily 
available in several parts of the 
us. 
Aclvmtzges 

1. ?onnationwater is not con- 
tamina!eJ by drilling fluids 

2. Good sampie recovew 
3. Prevents formation caving 

and sloughing 
Disa$wntages. 

1. Gqiiipment is not rcadily 
available 

2. Costs a x  niderate to e ~ p r i -  
sive 

3. Placement of gravel pack or 
grout may be difficult 

cQ~3.clu&o,n 
Tticrc m many factors involv~d 

in  the  selection of the proper 
piecc of drilling equipment for 
the i tstallation of monitoring 
wells. Personal bias toward the 
use of one particular type of drill- 
ing equipment should be avoided. 
lnstcad. consideration should be , 
given IO ail the pertinent factors:, 
beforea decision is matle. 
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bays, lakqs, swamps, and oceans, 
and most importantly, wells used 
for water-supply purposes. In many 
instances, the pumping kom water 
wells changes natural groundwater 
flow patterns radically, in effect 
pulling groundwater into the wells. 
Thus, contaminafedliquids that 
enter an aquifer may pose a threat 
to public health where water wells 
are in operation nearby. 

Contrary to common belief, con- 
taminaied liquidsh a groundwater 
system do  not mix easily with the 
native groundwater. hstead they 
tend to follow the hydraulic gra- 
dient as an elongated streamer, 
referred to as a plume of ground- 

Monitor W& S y S k X l S  fCW dQt~C~hg.CJXXiX3d 
wafer contaminants inclrade several shoxtcomings, 

of t&cBanology and procedure. 

ny ground water system al- 
ways is in a more or less 
hydraulic balance, .in the 

After rainwater has moved down- 
ward into the water-table zone, it 
begins to flow, mostly laterally, 
following what hydrologists call the 
water-table gradient, or slope, 

The groundwater travels at slow 
rates, commonly measured in terms 
of a fraction of an inch to perhaps 
a couple of. feet per day, until it 
reaches some point where it can 
escape out of the groundwater sys- 
t a n .  Points of groundwater dis- . water contamination. 
charge include streams, rivers, 

sen%? that water en:ering the sys- 
tem continuously moves through 
the earth to some point of dis- 
charge so that new water can enter. 

A well at a given location outside 
the boundaries of a plume may yield 
only pure uncontaminated ground- 
water, whereas a nearby well. within 

.- . .  
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.S Jomes J.'Geroghty is przsident of 
Geraghly & Miller, environmental engi. 
neering consullanls based in Annapolis. 

Maryland. Mr. Geraghty.currently works 
f rom the firm> Tampa, Florida office. 
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e. 7-. ing and sealing a well may contrib- 

ute trace amounts of contaminants 
to the water being pumped, mis- 
leading tqe investigator into thinking 
that the groundwater is contam- 
inated. Also, if the well has not 

I .  

been properly sealed into the 
ground, potentially contaminated 
water from the land surface may 

. move directly downward along the 
outside of the well, again giving 
a false clue to groundwa:er con- 
tamination. 

Monitor well technology in sum- 
m a y  offers a safeguard against 
groundwater contamination, but the 
protection is far from complete and 
the methods in practice suggest the 
nzed for continuing improvements. 

In order to allow states to identify 
open dumps, the EPA in 1980 
issued the Guidance Manual for 
Classifying Solid Waste Disposai 
Facilities (SWSZS). Eighteen states 
assisted EPA in the development of 
the manual. Assistance was also 
provided by the National Solid 
Wastes Management Association, 
the Governmental Refuse Collection , 
and Disposal Association, and the 
American Public Works Association. 

The manual makes the following 
statements with regard to monltor- 
well placement and con;truction. 

The system should have a mini- 
mum of one we11 hydraulically up- 
gradient from the site and at least 
two downgradient. Test borings or 
geophysical studies may have to be 
made to determine the water-table 
gradient and location. 

The downgradient wells shou!d 
be located as close as practicable to 
the solid waste boundary without 
being drilled through the waste. - 
Downgradient wells should be placed 
at the point where contamination is 
most like by^ 

Upgradient and downgradient 

wells should be !ocated $0 that 
samples are obtained from the 
same horizon of wa:er.bearing 
material. 

Weil cming.should be a minimum 
of two inches in diameter. and 
preferably four inches, to allow f cg j  
ease of pumping and samph!. 

A bentonire clay or Cement seal 
or plug should be in place around 
the casing. 

The well should be finished at the 
surface with a cement 01 earth 
.mound sloped away from the well 
to prevent surface drainage down 
the casing. 

in depth, casing and well screens 
should be plastic, unless the waste 
type involved contains organic 
pollutants or i5 corrosive to plastic. 
In these instances, it will be 
necessary to use-steel well casing, 
which, however, may give mislead- 
ing analyses for concentrations of 
metals. In wells deeper than 100 
feet, steel casings and stronger 
screens should be used to prevent 
compression and closing of the cas- 

For most wells less than 100 feet 

ing and screen, VCtA 
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by Roger A Gerharctf 

Inboduction. 
The majorityoflandfdsites inexistence today have 

been located above the water table in the unsaturated 
zone. Natural attenuation sites rely upon the unsatu- 
rated zone to renovateleachate to acceptablelevels prior 
to reaching the ground water. Sites designed with 
impermeableliners and leachate collection systemsalso 
depend upon the unsaturated zone to attenuate any 
leachate that is not removed by the collection system 
and to act as a backup system to possible enginering 
design failures. An understanding of the mechanisms 
ofleachate attenuationand migrationwithin theunsat- 
urated zonewill help to define the favorable character- 
istics ofunsaturated earth materials that minimize the 
potential for ground water contamination. Monitoring 
the unsaturated zone may also provide the earliest 
possible indication of leachate migration axyay from a 
landfill site, In Wisconsin. for example, several landfill 

' , -'- + siteswithdeepwatertables havebeen required to install 
* :  pressure-vacuum lysimeters as part of overall ground 

water monitoring programs. 
A research.project was initiated with the primary 

purpose ofgeneratingdataon the migrationand atten- 
uation of leachate in the unsaturated zone beneath 
several landfills in Wisconsin (Gerhardt 1977). It was 
hoped that the results could then be used to establish 
regulations and,  requirements specifying separating 
distancesbetween natural attenuation landfillsand the 
water table This report summarizes the data obtained 
frompressure-Mcuumlysimeters installed in the unsat- 
urated zone beneath hvo unlined landfill sites located 
in layered and nonlayered coarse-grained soils. 

previous Investigations 

-e  

Research conducted over the last several decades 
has demonstrated the successful use of pressure- 
Mcuum lysimeters in obtaining landfill leachate sam- 
ples from the unsaturated zone. 

56 Spring 1984 
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Wagner (19621 o r i g i d y  dffcribed the design and 
operation of the t p e  of soil-water s a ~ ~ p l e r  (pressure- 
vacuum or "suction" lysimeter1 used in this project 
This sampler.consisted of a porous ceramic cup ce- 
mented toasectionofpla+ticpipe Watersampiewere 
recovered by applying a vacuum to a single capiuary 
tube inserted throughasingle copperaccess tube.This 
method restricted sample recovev to relatively shallow 
depths. 

The pressure-tacuum (suction) lysimeter described 
by Wagner (19621 mas modified for use on a research 
project a t '  the State College [Pennsylvania) Regional 
Sanitary Landfill (Lane and Farizek 1968: Lane 1969; 
and Parizek and Lane 19701. Modification was neces- 
sary in order to collect soil-moisture sampIes from 
greater depths. This was accomplished by fitting the 
unitwith hvoaccwtubes.Oneaccess tubewasusedto 
pressurize and e\acuate the uni t  The other tube was 
used to discharge the water sample Seventeen suction 
lysimeters were installed within the unsatumted zone 
beneath the State College Regional Sanitary iandfiffl ty, 
study the changes in leachate quality with depth: 
Results of the chemical analyses of soi l -mois  
turehachate samples from the State College Landfill 
revealed that a leachate wave front could be traced in 
the unsaturated zonebeneath thelandfill trench.Apgar 
and Langmuir(1971lcontinuedand evtended thepre- 
vious study. They concluded that leachate beneath the 
landfill cells was moving dowvmvard a t  an approximate 
rate of 1.8 to 3.6 m 16 to 1 1  feet1 peryear and although 
leachate attenuation did take place within the unsatu- 
rated zone, it xyas not suITicient in preventing contami- 
nation of the underlying ground water. 

Wood 11973) described a further modification and 
improxment of the suction lysimeter, allowing coUec- 
tion of soil \rater samples a t  any depth without loss of 
sample.Theneivpmedure incorpotatedacheckvalm 
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, irl’the iysimetrr assembly. preventingpressuriution of 
the Forous cup while gas pressure was applied Io’force 
the sample to the surface. 

Johnson and Cartwright (19801 and Johnson, Cart- 
ueghtandSchder(l981) investigatedleachate migra- 
tion beneath three landfll sites in Illinois. Although 

yitoring wells appeared to be virtually undected. 
ation of leachate through the unsaturated zone 

was detected at  each site. Evidence from the study also 
sugested that under unsaturated conditions. some 
landfi!Ilinersmaynotbehighlyeffe~tiwbarriers to the 
flow ofleachate outoftherefuse.Alaboratorystudywas 
alsoconducted to e d u a t e  thevalidityofhighlycontam- 
inated landfill leachate collected with pressure-bacuum 
lysimeters. Samples from thelysimetersweregenedy 
found to be representative of the surrounding leachate 
composition for the major ions. 

\Vilson (1981. 1982 and 1983) discussed. in detail, 
methods for monitoringwatercontent in the unsatu- 
rated (vadose) zone. transmission of liquid wastes in 
the\;adosezoneand methodsformonitoringtheMdose 
zone. 

Method of Study 
Site Selection 

TWO natural attenuation landfill sites. one near Prai- 
rie du Sac in Sauk County, Wisconsin. and the other 
near Reedsburg. also in Sauk County (Figure 1) were 
selected for study with the help of the Wisconsin De- 
partment of Natural Resources-Solid Waste Manage 
ment Section. The Prairie du Sac landfill is located 

roximately4km (2.5 mi) west ofthevillageofPrairie 
a c  The Sauk County landfill is located appro.*- 

mately 8.8 km (5.5 miles) east of the City of Reedsbu4. 

Lysimeter Network 
Leachate and soil-moisture samples were collected 

from the refuse and the unsaturated soils by means’of 
pressure-\amurn lysimeters. Pressure-vacuum lysime- 
ters w&> chosen as sampling devices bemuse previous 
researchers havedemonstrated theirefficienqand reli- 
ability in obtaining soil-moisture samples and they were 
the only devices avatlable that allow collection of in situ 
soil moisture samples from specific depths okzr 
extended periods of time. 

The design and operation of suction lysimeters has 
been discussed in detail by Wagner (19621. Lane and 
Parizek 119681. and Parizek and Lane l1970). The suc- 
tion lpjmeters used in this study (Figure 21 consisted 
ofa plasticcylinder64cm [25 inchesllongand 5 cm(L.9 
inches1 in diameter with a 6 em (25 inches) porous 
ceramiccup attached to the bottorn.When theceramic 
cup is in contact with soil moisture. capillary suction 
causes the pores of the cup to become filled with \rater. 
Due td the small pore size (one micron or less) water is 
held tightly enough to become sealed against an air 
pressure ofatleast 1 kg/cm2(15psi).Thus.soil moisture 
flow can be induced into the lysimeterbycreatlngand 

I ntaining a \acuum. Two access tubes (6.35 polqethy- a tubing1 inserted through separate holes in a n e o  
prene stopper provide pork for sample discharge and 
for pressurization and eLacuation. The capacity of the 
lysimeter \%as 1 liter. Collected sample volumes ranged 

r)- 

ilD. 
DISCHARGE TUBE FRESSdRE-VACUUM 

A C C E S S  TUBE -; 

BENTONITE 

NEOPRENE PLUG 

BdLCKFlLLED 
‘NATIVE SOIL’ 

PLASTIC 8001 

Powomm 
OU@.RTZ POROUS 

CERAMIC TIP 

BENTONITE 

A G E R E D  MOLE 
4‘ D I A M E T E R  

MODIFIED AFTER FARIZEK AND LANE (19701. NO SCALE. 

Figure 2. Cross secticm of a pressure sacuumlysimeter 
and  typiccl b ; t d d o n  
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. ,from 50 mL to tOO mL 
Atypicallysimeterinstallationis illustrated LnFigure 

2. Powdered quartz passing a standard 200 sieve was 
placed around the lysimeter to ensure a good contact 
with thelyslmeterand the surrounding SOU. Bentode 
pellet seals were placed above and below each lysimeter 
unit. a t  the base of the refuse and at  the surface Two 
lyslmeternestswere installedateachlandflll studysite 0 Each nest contained from 2 to 6 lysimeter units 
terminating at various intervals in the unsaturated 
zone (includingunits wlthin the refuse).A total of four 
nestscontainfng20lysimeterj~vere installed at the two 
study landillis. These lysimeter nests provided data on 
the vertical movement of leachate and changes in 
contaminant concentrations within the unsatulated 
zone. Two single lyslmeter units were installed outside 
the waste disposal area at the Prairie du Sac landfill 
duringthesecondyearofthestudy to provideadditional 
data. Groundwaterobxmtion w&swerealsoinstalled 
a t  each site to determine leachate impact on ground 
water quality. 

- 

Results of the Study  

Introduction 
Itwasexpected that changes inleachatecomponent 

concent+tionswith time and depth in the unsaturated 
sands andgravelsbeneath theprairiedu Sacand Sauk 
County landfills would exhibit one'or more of three 
consistent and predictable patterns. (11 A regular pat- 
tern ofdecreasingconcentrationswithdepth due to soil 
attenuation uas evpected to be observed most fre- 
quently, (21 Increases in the concentrations ofleachate 
components with depth due to leachate extraction of 
soluble material from the soil matrix was also -ted 

to De ocu=czlteu. U J  I nc OCCURTIIC~ OL Ii:&uInui1Icuwxii- - 
trations at  different depths for dBerent parameten 
ua5 also expected. indicating a dlfferentlated leachate 
front moving through the unsaturated zone reflecting 
the mobility of varfous chemical parameters 

During the firstyparofthestudy.thelysimeterdata 
from the Prairie du Sac*mdflu showed that a complex 
pattern of leachare component concentratton changes - 
had developed witbin the unsaturated zone It was also 
apparent from thedatacollected thatasinglepatternof 
leachate concentration changes did not &t and that 
all three of the patterns dtscussed above may exist  
beneath the site. The observed patterns of leachate 
component concentrntion changes appeared to be  fur- 
ther complicated by thediiTeerenc& in the quality of 
leachate from the refuse. the effects the layered sands 
and gravels had upon water mobement in the unsatu- 
rated zone and leachate chemisby. 

The ;tidy was o r i g i d y  designed and funded for 
oneyear.Additional fundingbecameavailable to extend 
the studyforamndyear. In ordertobetterunderstand 
the complex pattern ofleachatecomponent concentra- 
tion changes thar uere betag observed beneath the 
PrairieduSaclandfilLtheSaukCountylandfill sltewas 
added to the study during the Second year. It was 
intended that the pattern of leachate component con- 
centration changes within the homogeneous noday- 
ered soils beneath the Sauk County site could be 
compared to the data from t h e m r i e  du Sac landfll to 
better understand the factors that might be affecting 
leachate component concentrationswlthin the unsatu- 
rated zone. The linited results from the Sauk County 
landfill did show a more consistent and predictable 
pattern of decreasing leachate component coricenG- 
tions with depth in the unsaturated zone 
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EXPLANATION. 

Figure 3. Map of the Sauk county landfill showing monitoring network and wder table. Water level rn-ements 
made on November 7.1975 
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r xnq county LcmaaLL 
-' The Sauk CountytandfiU (Figure 3) began d i s H  

operations in 1973. The site is  situated in  a dean 
uniform fine sand that represents glacial lake sed'; 
ments. Gdn-stze analyses of soil samples collected 
during the site investigation indicate that more than 
95 percent of the on-site soils fall within the fine or 

dium sand range with less than 4 percent silt or a! allersized materiaLThesite is underlalnbyapproxi- 
mately 12.2 to 18.3 m (40 to 60 feetl of the flne sand. 
resting upon sandstone bedrock Ground water gener- 
ally occurs about 14.3 (47feet) belowland surfacewith 
ground water movement beneath the site to the west 

Two lysimeter nests were installed at the Sauk 
Countyiandfill (Figure 4). One nest (SCB) was placed 
outside the disposal area with lysimeters installed at  
depths of 4.6.7.6, 10.7 and 13.1 m (15.25.35 and 43 
feetl belowland surfaceAsecond nest (SCA) was placed 
beneath the refuse with lysimeters placed within the 
refuse and at depths of 0.3.27.4.6 and 6.4 m (1.9.15 
and 21 feet) below the base of the refuse. The lysimeter 
unit placed at the 2.7 m (9 feetl depth was never 

Analysesofsoil-moisturesamplescollected from the 
Saul CountylandfiIl indicate that Ieachatewaspresent 
in the unsaturated zone beneath the landfill. The 
leachate was characterized by concentrations ranging 
from 2 to 170 times greater than the surrounding 
unaffected soil moisture (Tables 1 and 21. A consistent 
and systematic reduction in most leachate component 
concentrations occurred as the leachate moved down- 

through theunsaturated zone. Individualleachate 
ponents showed a 4 to 5 percent reduction in 

foot ofsoil when theconcentrations 

(Figure 3). 

O p e r a t i O M l .  

. 

IecUmLxl \b1",11' U'C ' L i j x  , r luL- 'L 'LL-c ,  cub LY11a*,*sLU 

to the lysimeter install& 6.4 m [21 feet1 below Qe base 
ofthe refuse (SCA-2ll.Tkismrnpari~ndws not lmply 
that the concentration  auctions per foot of SOU were 
truly line& .However. #e comparison does serve to 
illustrate the consistent reductions in all leachate 
component concentratim obszrved between all sam- 
plingdepths. with the exreption ofammonium nitrate 
plus nitzite and magnesian. wWch showed concentra- 
tion increases with dep& between individuallysimeter 
units (Table 1 ].Total con-aninant concentrationswere 
reduced 75 to 99 percenc by the time the leachate had 
reached the 6.4 m (21 feet] depth (SCA-211. Leachate 
component concentrations fromlysimeter SCA-21 were 
g e n e d y  two to 10 times higher than background soil 
moisture, as representEd by samples from SCB-43 
(Table 21. 

Despite the_apparentattenuation ofleachatewithin 
the unsaturated zone.groundwaterbeneath therefuse 
contained leachate component concentrations (1) two 
to 45 times higher thm soil moisture unaffected by 
leachate. (21 two to 20 times higher than background 
groundwater~ples,acdI3ltwo toseven timeshigher 
thanleachate from the deepest (SCA-211 lysimeterunit 
(Tables 1 and2). Subsequentground watermonitoring 
at the Sauk County sire following completion of this 
study has shown that the ground water is severely 
contaminated. Recenyground water data have con- 
firmed that theattenuatfoncapadtyofthe unsaturated 
sandy soils beneath the site !as insufficient in pro- 
vidingadequate ground ~~terprotfftion.Theseresults 
also indicated that a si@e lysimeter nest may not be 
adequate to charactem the leachate from an entire 
landfill. 

. 
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3BSERVlTlON WELLS 

LYSIMETER NESTS 

NELTB 

EXPLANATION 

7°C' 
I C I l  

SCREENED INTERVAL 

0 

LYSIMETER 
DEPTH BELOW REFUSE (NEST*) OR, 
EPTH BELOW LAW SJW (NEST 8) 

REFUSE 

CBSERVATICH WELL 

I 
5 OR +INCH DIAMETER OBSERVATION W E L L S  INSTALLED AT T H E  SITE BY WILLIAM SMITH WELL DRILUNO, 
BARABOO. WISCONSIN 

I I A - I N C H  DIAMETER OQSERVITION WELL INSTALLED AT THE S ITE BY W A i i Y N  ENGINEERING. INC (19731 
2 

Figure 4 Vertical *ution of monitoring well/ lysfmeier network crt the C o u r t  lcmdtiu 
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' The Prairie duSac landfill [Figure 5). which began 
disposal operations in 1968. is underlain by glacial 
outwash deposits consisting of fine-to coarsegrained 
sand with numerous interbedded discontinuous 
gravel layers. The sediments generally became coarser 
\dth depth. Ground waterwas encountered at  adepth 
of about 13.7 m (45 feet) below the base of the refuse 0 .  wthgroundwatermovementto thesouthwest(Figure 
5). 

7 -  . ......... -I- .~~...CVI.Y-L L.UI" .  1.1.V.l U'l" L I . J  ,,I,".-, 

10.16.22and 37 feet) below thebaseoftherefusemhe, 
prefix PDSA or  PDSB identifies lysimeter nests Aand 2 
B, respectively. followed by the depth in feet of the 5 

individual lysimeter below the base of the refuse. In :; 
addition. singlelysimeterunits wereplacednear wells :I 
PDSWl and PDSW2 (Figure 6). Both lysimeters were.-: 
installed at a depth of 10.4 m (34 feet) below land 
surface 

Figure 7 shows the concentrations for selected . 
Two lysimeter nests (Figure 6) were installed be- 

neath refuse at  the Prairie du Sac landfill. Nest A 
(PDSA) hadlysimetersplacedwithin therefuseandat 
1.2,4.5.2and7m(4.13.17and23feet)belowthebase 

-of the refuse. Nest B (PDSB) had lysimeters installed 

parameters from the lysimeters installedbeneath the 
landfill. Concentrations of the various parameters 
Were genedY 30 to 70 percent higher within the 
refuse at  lYSimeter nest PDSB as compared to nest 
PDSA As expected. leachate produced'within the 

~- 
~~~ 

Table 1 
Average chemical concentrations and cancentrcrtion redudions 

for leuchate samples horn lysimeter nest S a  
Total 

Concentrution Concentration 
AVeMge Concentmiion . - Reduction Reduction per  

Beheen SCA- 'Ft Between SCA- 
SCA-refuseb SCA-I' SCA-15' SCA-21b re- & SCA-21 rehe & 324-21 

Specific 
Conductance 

Calcium (mg/L) 283 176 116 70 75% 3.6% 
Magnesium (mg/L) 148 163" 97 31 79% 3.8% 

(micromhos/cm.) . 8633 5281 2012 675 92% 4.4% 

Sodium (mg/L) 788 665 158 16 98% 4.7% 
- Potassium (mg/L) 479 163 8 8 98% 4.7% 
Chloride (mg/L) 933 660 313 83 91% - 4.3% 

Total P (rng/L) 0.67 . 0.24 ': 0.18 0.05 92% 4.4% 
'Total N (mg/L) 181.8 57.1 2.5 0.67 . 99% 4.7% 

. W+-- N(mg/L) 165.7 53.2 0.40 0.63" 99% 4.7% 

(mglL1 1.72 3.5" 0.25 <0.03 99% - 4.7% 

' AIwinity(mg/L) 3130 1986 ,483 239 . 92% 4.4% . 

NGtNCh - N 

*-Average value exceeds value a t  shallower sampling Intend. 
Average of three samples. 
Average of four samples. 

b 

Table 2 
Chemical concentrations in the ground water and uncontcrmincrfed 

soil-moisture at tine Sauk County landfill 
Uncontaminated Ground Water Uncontaminated 

Soil-Moisture Beneath Refuse Ground Waler 
earameier SCB-43' W - l b  scW-zb 
Specific Conductance (micromhoslcm.) 
Calcium (mg/L) 
Magnesium (mg/L) 
Sodium (rng/L) - 
Potassium (mg/L) 
Chloride (mg/L) 
Alkalinity (mg/L. as  CaCG) 
Total P (mg/L) 
Total N (mg/L) 

, .Average concentration of three samples. 
Single sample collected on 7/28/75. 

3072.4 
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Figure 5. Map of the prairie du 5ac lundfill showing network andwater tabie. Water!sml rneczswez=xds made on 
December 10.1974 

EXPLANATION 

Y 
Figure 6. Vertical Uistribution of monitoring well/lysimeter network at the pruirie dE scc imdtiu 

refuse is  not of uniform quality. Leachate samples 
colle'cted 1.2 m I4 feet) below the base of the refuse. 
generally showed higher concentrations that those 
observed within the refuse. The changes in leachate 
concentrationswithin theunsaturatedzonewill reflect 
to some degree differences in the quality of the raw 
leachate. The data also indicate the pressure-vacuum 
lysimeters placed in the refuse do not completely 
characterize thechemical qualityofleachate produced 
within an entire landfill. 

The concentration of most parameters decreased ..wi th depth in the samples from lysimeter nest PDSB 
(Figure 7). The concentration of calcium (Figure 7 )  
was observed to increase with depth, apparentlydue 
to the release of calcium from exchange sites on the 

soilsincontact~~ththeleachat~Thisissimilartothe 
hardnesshaloofteno~sen~ingroundwaterbeneath 
landfills. Although not shown. the same trend was 
observed for magneslum IGerhardt 19771. OdY chl0- 
ride showed consistent decreasing concentrations 
within the unsaturated zone in the  sample  from 
1ysimeternestPDSASince chloridedoes no tgenedy  
react with soil. the redcction in c0ncentxation.S with 
depth is most likely due to di lut ionwithlesscont~i-  
nated soil moisture or dispersion, although this Was 
not determined.?he most obvious pattern of leachate 
concentration changes (Figure 7 )  that developed at 
nest PDSA was the occurrence of maximum and 
minimumconcentm~ionsat5.2mt17feet)depthfrom 
lysimeter PDSA-17. XIaYirnum concentrations for 

i 
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"sod:um. alkalinity and specific conductance \\em 
recorded at the 5.2 m (17 feet) depth. Minimum 
concentrations for calcium occurred in the samples 
from the5.2m l17feetl depth (Figure7).Althoughnot 
shovm. the same trend was observed for magnesium. 
toM iron, total nitrogen and nitrate plus nitrite 

rhardt 1977). The above parameters generally 
owed an increase in concentration in the samples - 

from the next deeper lysimeter a t  the 7 m (23 feet) 
depth. 

There are three possible explanations for the 
observed patterns of leachate component concentra- 
tion changes with depth beneath the Prairie du Sac 
IaZdfiU. First. lysimeter PDSA-18 was placed within a 
1.2 m(4feet)graveilayerencounteredbetrveen the4.9 
m(16feet)depthandthe6m(20feetldepth.Agrain- 
size analysis of a split-spoon so11 sample from the 
5.2m (17 feet) depth indicated that 65 percent of the 
sample by weight was larger than 2 mm. Chemical 
reactions between the gravel layer and leachate may 
have accounted for many of the concentration maxi- 
inurnsand minimumsobserved at  IysimeterPDSA-17. 
Forexample. sodiumanalysisofdistilledwaterbmught 
to equilibrium with soil samples from different site 
soil types indicated that sodiumvalues varied signifi- 
cantly with soil composition. However, the highest 
sodium soil d u e  (20 micrograms sodiudgram soil) 
was from the gravel layer (Armstrong and Neidinger 
1977). Also. the average sodium concentration from 
lysimeter PDSA-I 7 was more than four times greater 
than the average value recorded in the refuse (PDSA- .. I 

refuse). suggestingeither the source of the sodium is 
e soil matriy or release of sodium from the refuse 

from thegravel was not determined. Numerousgravel 
layers were encountered in all of the site boreholes. 
They appear to be discontinuous lenses. The gravel 
layers at lysimeter nest PDSB were generally less than 
0.3 m (1 feet) thickandnolysimeterwasplacedwithin 
agevellayerat nestPDSB.Therefore. this same trend 
was not observed in the samples from lysimeter nest 
PDSB. 

Secondly'in an unsaturated soil, wateroccursonly 
in the finer pores and not in the larger ones because 
the total amountofavailablewater is insufficient to fill 
all the pores. The smaller pores can exert stronger 
capillaryforces and thus get filled. In the case of a fine 
material overlying a coarse material. movement of 
water into the coarse layer can occur only when the 
rate'of water application exceeds the capacity of the 
fine material to disperse the waterlaterallyby capillav 
action. Water will not move into the coarser materid 
until the finer material approaches saturation. a t  
which time gravitational forces exceed capiliaryforces 
and drainage into the coarser material occurs. 

The patternofleachateconcen&tion in thesamples 
from the5.2m (17feetl depthand. toaiesserextent the 
4m (13 feet) depth suggest thatwhen thesoil sptem is 
unsaturated. thegravellayerrnayact asapartjal imped- 
ing layer to the downward movement of leachate. Such 
a situation promotes the lateral flow of leachate in the 
sandsabove thegravel.JohnsonandCarhVright(l980) 
also observed the lateral movement of leachate to a 

k as  declined. The nature of the sodium contribution 

distanceofat least4.6m(l5 fmc)away t r o n i u i e m u ~  
.at the Sa~nna'landN1 Lateral flow and reten.pon of 
significant portlons of the leachate in the sand above 
the gravel (maximum axmge concentration of potas- 
Siumoccunwlat the4m(13feet)dep~fmayberespon- 
sible for %me of the hjgh contenbations 0bsewe.d in 
the sand layer. Therefore the attenuation capacity of 
thesand maynolongerbeeffecti~~forcertainleachate 
components. For example. concentratton values for 
magnesiumand calcium(showninFigure71decKased 
with depth in the w l e s  fmm nest PDSA reaching 
minimum d u e s  in the samples Gum PDSA-17. This 
pattern may suggest that much of the d c i &  and 
magnesium on soil exfmngesitffi hasbeen previously 
released to theleachateben~~thIspoitlonofthe s i t e  
The additional contact time behwen theleacbite and 
the soils above the gnwllayer may.har2 contributed to 
the loss of caIcium and magnesium from the leadate. 
This pattern of decreasing concen~xatio.ns 'may a h  
indicate. that less calaum and mignesium are being 
leachedfromtherefuse . . .. 

Two additiogallinesofevidencesaxn to support the 
contention that the laieml flow of hdfiil leachate has 
occurred in the sand above the gravetlaYer. Erst. 
chloride concentrations,were o&r& in soil samples 
collected from the 7.3 to 11.6111 (24 to 38 feet) i n t e d s  
of the TH borehole site (Figure 5). approximately 12m 
(40 feet) outside the actiw fi area. The zone in which 
the high chloride corcentmtions.occud (Table 3) 
included the gravel k-er and the sands inuixdiately 
above the gravel layer.The high chloride values in this 
zone would Seem to i d c a t e  that landfill lmchate has 
moved approximately 12m (40 feet)latedlybqiond the 
fiareagenerallyin thelayPrsabow.aadincludi~ the 
gravel layer. Chloride concentrations in soil sample6 
collected from the suffice to a depth of 19.5m (64 feet) 
a t  well site PDSW [Figure 5) rapid from 27 to 53 
micrograms of chloride per gram of soil IGerhardt 
19771. This indicates that the high chloride values 
found in the TH borehole do not represent natural 
conditions. Second. a single lysimet& unit (PDSD-34) 
wasinstaUedneaf~~,.ellPDSl~~(Figurrs5and6). 10.4m 
(34 feet) below land surface. at the top of a gravel layer 
encountered at  this depth Lysimeter PDSD-34 was 
sampled in order to determine ifsoilinoisture quality 
a t  the sandlgravel contact downslope fmm the fill area 

Tuble 3. 
a o r i d e  Concentrations in Soil Samples 

Collected from the "€I BorehoIe 

Soil depth chloride concentmtion 
(below surface) (micrograms~rgrams)  

4 , 4  
12 2 
24 , 116 
28 170 
34 111 
38 341 
44 50 
48 30 
54 8 
58 11 

... .. - -  . 

Spring 1984 63 



. 
' 

n?S alitTted by lateml mu\cirklit 01 rils~llltl~ rC.icilrlte. 

Forromparativepurposs, an additionall)s!mrterun! t 
(PDSC-341 was placed at  a sand/gravel contact 10.4m 
(34 feetlbelowlandsurface. nearweUPDSW1 [Figures 5 
and 61 to providebackground soil-moisture quality.The 
data from thelysimeterplaced 5.2m (17 feetl beloivthe 
base of the refuse at nest A (PDSA-17) is also 10.4111 
(34 feet) belowland surface and is included for compm- 
son. &j shown in Table4. concentrations in the PDSD- 
34 samplesweregenedyhigher thanbackground con- 
centrations (PDSC-341 in a similar horizon The higher 
concentrations in the PDSD-34 samples suggest that 
landfill leachate has moved approximately 15.2111 
(50 feet) latedybeyond the boundaryof the fill area in 
- the sands above the gravel layer. 

* 
Tcrble 4 

Chemicd Concentrations in Leachate 
and Soil Moisture 

Collected from Lmeters  Raced in Grmel 

Lysimeter Lysimeter Lysimeter 
Paameter PDSA-17 PDSD-34 PDSC-34 

Specific conductance 
(micromohs/cml 3.100 900 275 
ChlorIde (mE/Ll 62 24 17 

I 

Alkalinity 
h g / L  as CaC0.J 2.121 598 177 
Calcium (mf?/LI 10 13 17 
~agnesi;m'img/~~ 15 70 25 

NHjN (mg/Ll 4.5 0.05 0.03 
NO,+ NO,(mglLI 0.42 0.26 0.14 

Potassium (mg/Ll 24 3.5 2 

Sdium (mg/Ll 1,140 15 8 

1 -  0 Lysimeter PDSA:I7 placed within the gravel layer 
should notconsistentlyyield asamplebecauseleachate 
would be prevented from entering the coarse material. 
The fact that only small sample volumes could be 
evtracted from thislysimetersuggests that much of the 
leachate was derived from the sand/gravel contacts 
rather than from the gravel layer itself. The addition of 
the powdered quartz duringlysimeter installation also 
created an artificik medium for leachate movement to 
the lysimeter from the sand above the gravel layers. A 
portion of the leachate would probably alnays migrate 
verticallybecausell) thegravelxrasnotwell sortedand 
(21 an equilibrium flow rate through the gravel woad 
ultimatelybe established for a given moisture content. 
The gravel deposits appear to be discontinuous and 
leachate flowaround thegravellayerswould alwoccur. 
Thegenedylow.stab1econcentrations observed in the 
samplescollected from thedeepest lysimeter in lysimeter 
nest A at  the 7m (23 feet] depth below the gravel layer 
apparently reflect attenuation and/or dilution ofleach- 
ate that has moved downward through, or around, the 
gravel layer. Significant amounts of the leachate would 
likely move through the gravel layer during the spring 
recharge period when the soil system approached 
saturation. The effects of a gravel layer on leachate 
mi.Cration in the unsaturated zone are illustrated in 

I 

i 

i 

@ Figure& 
Finally. the maximum leachate compofient concen- 

trations at  the various sampling depths. especially in 
the samples from nest A [Figure 71 may represent the 
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m;.:inuni ueput to wucn il gircri ~.uui;rur~ctl~ u~..--; 
moved or they may represent the position of a slug of -@ 
leachate moving through the soiL Concentratton plob 2 
for most leachate parameters. as illustrated byalkaHnIty. - 5 
sodium and calcium indicate that other proc&ses .': 
must be responsible for the concentration peaks ob- + 
served formostofthe1eachatecomponents.Concentra- :: 
tion peaks for manyindividualleac+tecomponentsat - 
the various sampling depths remained fairly constant 
throughout the study. If these concentration peaks 
represented leaching fronts or the maximum depth of : 

penetration. then concentrations should haveshown a . 
gradual reduction as the front moved downward - 
through the soil and concentrations s.hould have 
increased with time at  the next deeper sampling point 
as theleachate m o ~ ~ d o u ~ ~ ~ . T h i s w a s n o t o b s e r v e d .  
Also. changes in concentrations often cccumed simul- 
taneously at all sampling depths. which argues against 
a leachafe front moving through the subsoiL 

Summcap and Conclusions 
The observed concentrationsof theleachates. or any 

leachate componentat depth in the unsaturated zone 
beneath the landfills have apparently resulted from the 
interactionofseveralfactors:(Il thechemicalqualifyof 
theleachates beingproducedwithin the refuse material, 
(21 chemical interactions between the soil and the 
leachate, and (31 unsaturated soil-moistureileachate 
movement. At the Sa& County landfill. changes in 
leachate concentrations vaned systematically with 
respect to depth. This apparently was a direct conse- 
quenceoftheuniformnature of the fine sandsbeneath 
the1andfill.Amuchmor complicatedandlesssystema- 
tic pattern of leachate concentration changes was 
observed in the subsoils beneath the Prairie du Sac 
landfill. This apparently resulted from the layered 
nature of the sands and gravels beneath the site. 
promoting the lateral movement ofleachatewIthin the 
unsaturated zone 

Figure 8. Schematic diagram of the effects of a gravel 
layer on lecchate migration in the unsoturcrted 
zone 
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Ii,eattenuationot ledcliarc wlullli ULC UIL-LUIT : ,d 
ziine<was observed beneath the Sauk County and 
Psairiedu Saclandfius. However. ground waterbenmth 
both sites wa4 found to be contaminated. Apgar and 
bngmuirll971) reported simllarfindings.Thelimited 
attenuation capacity of the unsaturated sands and 
gravels beneath the two sites was apparently incapable 
of preventing ground water contamination. The opera- 
tion of these landfills as natural attenuation sites did’ 
not prevent ground water contamination. The results 
also indicate that sampling from one or hvo lysimeter 
nests in the unsaturated zone may not be indicative of 
the actual ground water contamination potential of a 
landfill. However. carefulplacement oflysimeterswithin 
the unsaturated zone beneath landfill sites with deep 
water tables can still provide the earliest possible 
indication of leachate production. movement of the 
leachate within theunsaturated zone andan evaluation 
of the attenuation capacity of the unsaturated zone. 

In the case oflayered soils in the unsaturated zone, 
the possibility of horizontal leachate movement must 
also be considered. At the Prairie du Sac landfill, 
leachate was detected in the unsaturated zone at least 
15.2m (50 feet) beyond the fill limits. If the patterns of 
leachate concentration changes at  depth within the 
unsaturatedzonearealwaysassumed tobetheresultof 
strictly vertical leachate flow. erroneous conclusions 
could be drawn concerning leachate attenuation and 
migration. 

I t  was hoped that the results from this study could 
be used to establish the minimum separating distance 
necessary between natural attenuation landfill sites 
and the water table to prevent contamination. However. 
the capacity of the unsaturated zone to attenuate 
leachate depends upon a\arietyoffactors that yillvary 
greatly from one hydrogeologic environment to another. 
Also. any changes in soil type within a layered soil 
environmentwillaffect the movementandchemistryof 
percolatingleachate to some degree. Absolute require- 
.merits specifying a separating distance behveen the 
& ofnatural attenuationlandfills and thewater table 
may never be obtainable. or desirable. Separation 
requiremen? should be formulated on a case-by-case 
basis. taking into account the concepts of leachate 
movement in the unsaturated zone. 
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INC., et al., Appellants, 

Donald Paul HODEL, Acting Secretary 
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Nos. 79-1538, 79-1596. 
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V. 

Association of coal prollucers brought 
preenforcement challenge to the constitu- 
tionality of the Surface X n i n g  Control and 
l?e+&ntion ;\et. The United Seattrs Tjis- 
trict. Court for the Western District of Vir- 
ginia, 4% ~ . ~ u p p .  425, rejected the produc- 
ers' commerce clause challenge to the"Act, 
but held that the Act violated the Tonth 
Amendment, that  varimts prmisions.of the 
Act effected an unconpansated taking of 
private property in violation .of the just 
compensation clause and thnt some oE the 
Act's enforcement provisions violated proce- 
dural due p r w s s  requiremants. AplJeal 
and cross appe31'wre'kal;en. The Supreme 
Court. Justke Narskall, he!d that: (1) the 
Act did not violate the commerce clause; 
(2) the provisions of the Act prcscrihing 
performw~ce standards on "steep-slolm," 
did not violate the Tenth Amendment; (3) 
the Act's "steepslope" protisi.ons and the 
provision prohibiting mining in certain loca- 
tions, 'did nat, on :heir face, violate the just 

'compensation classe; (4 the provision:i of  
tbc . k t  pertaining to the Secretory of Inte- 
rmr s isSi:axt of orders f G  iminetliatc ces- 
sation of the surface min ing  operatjons de- 
termInw1 to be in v i i k i u : i  of the Act did 
nnt i.iolatt due pracesa; and (5) the ch:?l- 
Itr.g" to thi; Act's provision.; f a r  the imiiosi- 
t i m  of civil pen;iltiys were I!rernaturc. 

. . .  

Courii .must de€&- to congi-essiod 

tezstate cmmerce if.there isany rationai 
basij :or s*ic?i finding.' U.S.CA.Comt .I?- 
1, 5 8, cl. 3. 

'2. Commerce G>ZIO 
Silrf?ce 3IfnEng Conk01 and Ree 

tion Act did cot violate comrneececla 
r ep la t ing  usa of.private Ian& rath 
intentate commtrce effects of s 
mining. S r h e e  31ining Control 
mation Act oE 1977, S' 101 et seq. . 3U US.. 
C.A. 5 123; et seq.; U.S.C.A-Co 

. .  

. .  , 1 

- . 
g 5, CI. 3. 

. 





.~ 

. . ., 
I. . . .  i ;  . .  

2354 101 SUPRENE COURT IJ,EP61STER. . ~ . '452 ,?..L . .  . ' . t. 

h u t  summary administrztive action may be 
justified in ezergency situations. 'U.S.C.A. 
Const. Amend. 5, 
13. Constitutional Law -253.1 

Protection of health and sal'ety of p u b  
lic is .paramount goveinmental interest 
which.justifies summary adninistratic-e ac- 
tion. U.S.C.A.Const. Amend. 5. 

14. Constitutional Law e=46(1) 
Due process challenge to Surface Min- 

ing Control and Reclamation Act provisions 
for  imposition,of civil penalties for violation 
of cessation orders was premature where 
mine operators did not allege that they, or 
any one of them, had had civil peualtieu, 
messed against them, and there was no 
finding that any of the operators had been 
affected or harmed by any of the statutory 
procedures for  assessment and collection of 
fines. Surface &fining Control and Recla- 
mation Act of 1977, 3 512, SO G.S.C.A. 
0 1268. 

.S-vi/ibus ' 
A pre-enforcement challenge to the 

constitutionality of the Surface Xining 
Control and Reclamation Act of 1977 (Act) 
was presented in a Federal District Court 
action wherein the plaintiffs :vere an associ- 
ation of coal pidueem eggaged in surface 
coal mining operations in  Virginia, some I J f  

its member coal companiea, individual land- 
oyiners, the Commonwealth of Virginia, and 
a t o m  (herzinafter appI!ees). The Act is 
designed to establish a n+iionwide program 
to protect society 2nd the environment 
from the ai!verie effects of surface c b l  
miniag operations. The Secretary of the 
Interior (Secretary) has primzry responsi- 
bility for administering the Act hy prornul- 
gsting regulations and enforcing its provi- 
sions. A two-stage program f o r  the re@~l;~- 
tion of surface mining-an interim pfiirse 
and a p rmznen t  phase-is estdAished; and 
environmental pmtzction pt.rformanci? st:m 
&As are pre$criheil. Ultimately, t r cpk i -  
tory program is to be adoptet! for each 

' . ., .. ! '2 
*- . . .  : 

P. -::; ' 2 State, either hl; ippn-+l of a S h ~ 3 .  

al.miiiiml;m sta5&1r:k, or  h r  adop&;of.r;u;<+& . 

feden1 program for &:.. State that  c:?oara . . 

the permar.er.t progras res6 

ta,v as t o ,  nonpara:cip+n& Stat.9" FA.- 
District Court, a!:hou& rejecting 
Commerce Clzuie,: e q d  proteeti 
substantive , due  p roecs  clialienges & 
Act, held that  the' ;Ict * ~ ~ o l a t ~  the Tk*. 
Amendment, that.vario-G pmvisions of,.& 
Bct effect an uncomperated taking a i  
vate property in vioIatien o€ the  Just 
pensation Ci$!se of t hz  Fifth Amend 
and that. same' of th2 .<et's elf0 

potied Fergazerr pr0.gi-m that.ne$ f&+..;. , , .~ L .  

not t6 submi2 a prU&g'xn. E.<Orcecenr &..s*: :- : 1;. I :, 

the parti6pating %&e or witk the $- 

. . .  

*a~z+r,, :, ' 6 
r. .  .? . . ,  

. .  

lenge, the Act'% constiiztional Pp- 
2375. 

&a) The Act does nsr  vioiate the 
merce Clause a r e g u k k ~  the. &e o 
vate lands rarh?r t h m  rbe interjtate 
merce effects of s u & e  mal 
view of the legislative reco 
clud~.s extended hs2rizg3 m n c e d g  
fects of surfzce mining on 
environment and wonom? a n  
uniform minihum n&?ion:vide stand 
cannot be said'that Congress dkf not 
-rational basisfor its Fin2izgs 
Act.it.ielf, that su.-face 4 mining 
shinthl effects on in t en ta t e  co 
And the Act's regtilataq s 
ably related to the goa?.!s C&,mw yu+t5? 
accomplish-the tiet's e t r i c t i o n s  on 
practices of mine o p r d t o m  all --++??;,. 
control the envimnmend and othi- 5(0-r-". 
verse effectj of surface coal m3inz. 

.<;.:",;'? 2359-%761. 
(h) 'Sec?ii,m S:S(dj a d  (e) of 

'which prescrihe perfo.mznce slm 
"steep sloiks," incicriing B requiemen 

p p  - 
. .  - .-.. 

.. - .  - .. . . : -- . -, 
. , ~ r  -. - an oj!er:Lir)r return the size to i ts  '.3P>-?? ... -:ri . . :  . . 
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!Jar;ha!l Coleman, Richmond, Va., for a p  
p'cllee~ in 79-1533 and for 3pillants in 
79-?596. 

J 3 8  LJustiee JiARSH.GL, delive?ed the opin- 
ion of the Court. 

These mses &+-rise out of .a preznforce- 
ment challenge to the constifuiion&ty of 
the Surtace Mining Control and Reclama- 
tion Act of 1977 (Surface Mining Act or 
Act), 91 stst. 417, 30 U.S.C- 5 '131 et  seq. 
(1976 ed., Supp.111). The United States 
District Court fo r  the Western District of 
Virginiz' declared several cen tn l  provisions 
of the Act unconstitutional and permanent- 
ly eojoined their enforcement AS3 F.Supp. 
425 (1360). In these appeals, we consider 
whether Convess, in adopting the Act, ex- 
ceed& its powen under the Commerce 
Clausz of the Constitution,' or t n n s p s s e d  
aKiqnative limitations on the exercise of 
that  power contained ' i n  the Fifth .and 
Tenth Amendmenb. We conclude that in 
the context of a facial challenge, the Sur- 
face Xining Act  does not suffer from any 
of these alleged constitutional defects, and 
we upho!d the Act as constitutional. 

I 

A 
The Surface Mining Act is a comprehen- 

sive 5i;i:U:e designed to "establi& a nntion- 
wids program to protect socieiy anti the 
environment from the adverse effects OF 
surface coal mining operations." 5 1512(a), 
30 U.S.C. S 1202(a) (1976 etl., Supp.III), 
Title I1 of the Act, 30 U.S.C. 0 1211 (1976 
ed., Sup?.III), creates the Office of Surface 
%fining Reclamation and E n f f i p m e n t  
(OSM). within the Dep:!rtment of the Inte- 
rior, 2nd rhe Secrctay of the Intet-ior (See- 
ri.iarq.) ac:ir.g through OSbl, is charged 

1. Thr Co:nmerce Clause empowers Congcss 
"Itlo regulate Commerce with farrig;? ?iatiiins 
and amon:: the several States, and with the 
Indian T r i h . "  U.S.Const.. An. I, 5 8. ci. 3. 
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enforce these standards. 30 U.S.C. 5 1253 
(1976 ed., Supp. 111). The Secretary must 
approve or disapprove each such proposed 
program in accordance with time schedules 
and procedures established by $3 503(b)(c), 
30 U.S.C. $9 1253(b), (c] (1976 ed., Supp. 

&7z 111): A n  addition, the Secretary must de- 
selop and implement a federal permanent 
program foy each State that fails to submit 
or enforce a satisfactory state program. 
5 504, 30 U.S.C. 5 1254 (1976 ed., Supp. 111). 
In such situations, the Secretary constitutes 
t.he regulatory authority administering the 
Act within that State and continues as such 
unless and until a "state p r o g a d '  is ap- 
proved. No later than eight months after 
adoption of either a state-run or federally 
administered permanent r ey la to ly  pro- 
gram for a State, all surface coal mining 
and reclamation operations on "non-Federal 
lands" within that,State must obtain a new 
permit issued in accordance with the appli- 
cable regulatory program. 5 506(a), 30 
1J.S.C. 5 1256(a) (1976 ed.. Supp. 111). 

7. n e  proposed state programs were to have 
heen submitted by February 3, 1979-18 
months after the Act was passed. Exercising 
his authority under § 504(a), the Secretary ex- 
tended the deadline until August 3, 1979. See 
4 1  Fed.Reg. 15324 (1979). Because the Secre- 
tary's March 1979 publication of the permanent 
regulations occurred seven months after the 
date set by the Act, see 30 U.S.C. 5 1251(h) 
(1976 ed.. Supp, HI), the United States District 
Court for the District of Columbia further ex- 
tended the deadline for submission of state 
programs to and including March 3, 1980. In 
re Permanent Surface Mining Regulation Liti- 
gation, Civ. No. 79-1 144 (DC July 25 and Ai!& 
21, 1979). See also 44 Fed.Reg. 60969 (1979) 
(announcing conforming changes in the Secre- 
tary's regulations governing submission of 
state programs). 

With the exception o f  Alaska, Gewgia, and 
Washington, all States in which surface mining 
is either conducted or is expected to be con- 
ducted submitted proposed state programs to 
the Secretary by March 3, 1980. The Secretary 
has made his initial decisions on these pro- 
grams. Three programs were approved, 8 were 
approved on condit.iqn that the States agree to 
some modifications, 10 were approved in part 
and disapproved in part. and 3 were disap- 
proved because the state legislatures had failed 
to enact the necessary implementing statutes. 
Virginia's program was among those approved 
in part and disapproved in part. See 45 Fed. 

JIG 
On October B, 1978, the Virginia 

Wning and Reclamation Association, Inc. 
I an association of coal producers engageti in . 

surface coal mining operations in VirginiL 
63 of its memher coal companies. and 4 '.:.:.-$ 
individuals landowners filed suit in Fe<ier;l! ' - . , : 
District Court seeking declaratoq and in- - - .. i 
junctive relief against various provisions 
the Act. The Com.monwealth of Virginia 
and the town of Wise, Va., intervened 
plaintiffs? Plaintiffs' challenge was p 
marily directed at  Title V's performa 
 standard^.^ Because the permanent re 
tory program was not scheduled tu hecome-: 
effective until June 3, 19S0, plaintiffs' 
lenge was directed a t  the sections of.the-. 
Act establishing the interim regulato 
gram. Plaintiffs alleged that tlies 
sions violate the Commerce Clause, the;: 
equal protection and due process gu 
of the Due Process Clause of the Fifth 

. !  

'- 

Amendment,"' the Tenth A.mendment,'La 

Reg. 69977 (1980). Under 5 503 of th*AC+.*< 
State may revise a plan that has been 6 4  

proved in whole or in part and resubmit it I 
the Secretary within 60 days of his initial., 
sion. 

8. The Virginia Citizens for Better R 
inc.. and the town of St Charles, 
vened as defendants in support of the Sea?- :': -*I, 

taw. 
-9:. , . 

9. Plaintiffs also challenged Title IV of theAn.'-': '-:: 
30 U.S.C. $5 1231-1213 (1976 ed., Sllpa JiR 'I :-.,::' 
which eslahlishes a reclamation urogram fOr :':G:.. . 

the provisions of thai title." 483 F.SuP 
429 (19RO). There is no appeal from this 
tion of the Di~trict Court's judgment. 

10. The Due Process Clause of the Fith Am 

HOD: 
152 U.S. 275 

!he Jmt Compensa 
.imendment.'* 

The'District Cou 
dsintiffs' request 

k - 4  tion. The court : 
order and opinion ( 
provisions of the A 
F,Supp. 425 (1980 
plaintiffs' Commeri 
tion, and substantiv 
t u  the Act. The c( 
the Act "operates 
freedom to StNctut 
areas of tradition; 
therefore, is in con 
.Amendment." Id., 
League of Cities v. 
116 S.Ct. 246.5, 2474; 
The court also rulec 
of ,the Act effect ar 
o i  private property 
Compensation Clau! 
mmt. Finally, the. 
tiffs' due process ct. 
Act's enforcement 
permanently enjoin 
enforcing various 

In KO. 79-1538, 
from that portion 

I?. The Compensaiioi 
ins  of private proper 
just compmsation." 

13. The District Coo 
notion for a stay pe 
CUUir. At the s a &  
order and opirjon cl 
earlier order. ~ p p .  
79-1338. pp. la-16a 
retaw's application, i 
the District 
h e l y  filing and disc 
Liir Court." 100 s. 
113SO). 

Plaintifisdo not ;i 

Wd protection an< 
chalienges to the A C ~  

District 
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judgment declaring various sections of the 

Cite as 101 S.c~zB5z (1981) 

Clause of the Fifth 

T ) ~ ~  Districr Court held a 13-day trial on 
--it; $ plpintiffs* for a permanent jnjune- 
.-,%k:' tion. The court subsequently&sued an qz s, 
?S: orovisions of the Act unconstitutional. 483 ! 

Act unconstitutional and permanently en- 
joining their enforCCment. In No. 79-1596, 
plaintiffs cross-appeal from the District 
Court's rejection Of their Commerce Clause 
challenze to the Act." Because of the .im- 

?;; i 

order and opinion declaring 
r- ~ 

F.Supp. 425 (19SO). The court rejected 
plaintiffs' Commerce Clause, equal protec- 
tion, and substantive due process challenges 

the Act. The court held, ho\Gever, that  
the Act "operates to 'displace the States' 
freedom to structure integral operations in 
areas of traditional functions,' . . . and, 
therefore, is in contravention of the Tenth 
Amendment." Id., at 435, quoting National 
League of Ci t i s  v. Usery, 426 US. 833,852, 
96 S.Ct. 2465, 2174, 49 L.Ed.2d ZA5 (1976). 
The court also ruled that various provisions 
of the Act effect an uncompensated taking 
of private property in violation of the Just 
Compensation Clause of the Fifth Amend- 
ment. Finally, the court agreed with plain- 
tiffs' due procejs challenges to some of the 
Act's enforcement provisions. The court 
permanently enjoined the Secretary from 
enforcing varioiis provisions of the 

In No. 79-1635, the Secretary appeals 
from that portion of the District Court's 

12. The Compensation Clause prohibits the talc- 
ing of private property "for public use. without 
just compensation." 

13. The District Court denied the Secretary's 
motion for a stay pending direct appeal to this 
Court. At the same time, the court issued an 
order and opinion clarifying and modifying its 
earlier order. App, to Juris. Statement in No. 
79-1338, pp. la-16a (J.S.App.1. Upon the Sec- 
retam's appiication, we issued an order staying 
the District Court's judgment "pending the 
h ? l Y  filing and disposition of the appeal[s] in 
this Court." 100 S.Ct. 1306, 63 L.Ed.2d 755 
(1980). 

14. Plaintiffs do not appeal from that portion of 
the Distnc; Court's judgment rejecting their 
equal protection and substantive due process 
challenges to the Act. 

' 5  The jurisdiction of this Court was invoked 
mder 28 L.S.C. 0 1252, which provides for 
direct appeal to this Court from any decision 
by a COUR of the United States invalidating an 
Act of Congress in any suit to which the United 
States. its agencies. officers. or employees are 
Parties. 

- 
portance of the issuas raised, we noted 
probable jurisdiction of both  appeal^,'^ 449 
U.S&17,101 S.Ct. 67, 66 L.Ed.2d 19 (1980), 2 7 s  

and consolidated the two casesJfi For con- 
venience, me shall usually refer t o  plaintiffs 
as "appellees." 

I1 
On cross-appeal, appellees argue that the 

District Court erred in rejecting their chal- 
lenge to the Act as beyond the scope of 
congressional power under the Commerce 
Clause. They insist that the Act's principal 
goal is regulating the use of private lands 
within the borders of the States and not, as 
the District Court found, regulating  the^ 
interstate commerce effects of surface coal 
mining. Consequently, appellees contend 
that the ultimate issue presented is "wheth- 
e r  land as such is subject t o  regulation 
under the Commerce Clause, i. e. whether 
land ean be regarded as 'in commerce."' 
Brief for Virginia Surface Mining &: Recla- 

16. We also agree to hear the appeal in No. 
80-231, Ilodei v. Indiana, which involves simi- 
lar constitutional challenges to different provi- 
sions of the Surface Mining Act, and which we 
also decide today. 452 US. 31.1, 101 S.CC 
2376, 69 L.Ed.Zd 40. At least three other Dis- 
trict Courts have considered cnnstitutional 
challenges to provisions of the Surface Mining 
Act. In Concerned Citizens of Appalachia, ?ne. 
v. Andrus. 494 F.Snpp. 679 (ED Tenn.1980). 
appeal pending, No. 80-1488 (CA6). the Dis- 
trict Court upheld the Act in the face of chal- 
lenges similar to those raised by plaintiffs in 
the instant case. In Star Coal Co. v. Andrus, 
No. 7!3-171-2 (SD Iowa, Feb. 13, 1980), appeal 
dism'd, No. 80-1284 (CAS), the District Court 
rejected challenges based on the Fifth and 
Tenth Amendments. but enioined some OF the 

' 

. ~.~ .. ~~ ~~.~ 
Act's enforcement g r O V k i 0 l k  And in, Andrus 
v. P-Burg Coal Co., 493 FSupp. 82 (SD Ind. 
1980). aff'd. 644 F.Zd 1231 (CA7 1981). the 
Disthct Court rejected a Commerce Clause 
challenge to the Act. 



mation Association, Inc., et al. 12 (empha- 
sis in original). In urging us. to answer 
“no” to this question, appellees emphasize 
that the Court has recognized that land-use 
regulation is within the inherent police 
powers of the States and their political sub- 

A 7 6  divisions,” andlargue that Congress may 
regulate land use only insofar as the Prop- 
erty Clause la grants it control over federal 
lands. 

[l] We do not accept either appellees’ 
framing of the question or the answer they 
would have us supply. The task of a court 
that  is asked to determine whether a Dartic- 
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ular exercise of congressional power is valid 
under the Commerce Clause is relatively 
narrow. The court must defer to a congres- 
sional finding that a regulated activity af- 
fects interstate commerce, if there is any 
rational basis for such a finding. Heart of 
Atlanta Motel, Inc. v. United States, 379 
US. 241, 258, 85 S.Ct. 348, 358, 13 L.Ed.2d 
258 (1964): Katzenbnch v. McClung, 379 
US.  294, 303-304, 85 S.Ct. 377, 383, 13 
L.Ed.2d 290 (1964). This established, the 
only remaining question for judicial inquiry 
is whether “the means chosen by [Congress] 
must be reasonahly adapted to the end per- 
mitted by the Constitution.” Heart of At- 
lanta Motel, Inc. v. United States, supra, at 
262, 85 S.Ct., at 360. See United Stat@ v. 
Darby, 312 US.  100, 121, 61 S.Ct. 451, 460, 
85 L.Ed. 609 (1941); Katzenbach v. 
McClung, 379 U.S., a t  304, 85 S.Ct., a t  383. 
The judicial task is at an end once the court 
determines that Congress acted rationally 
in adopting a particular regulatory scheme. 
Ibid. 

Judicial review in this area is influenced 
above all by the fact that  the Commerce 
Clause is a grant of plenary authority to 
Congress. See National League of Cities v. 
Usery, supra, at 840, 96 S.Ct., a t  2463; 
Cleveland v. United-States,.329 U.S. 14, 19, 

17. Appellees cite cases such as Village of Belle 
Terre v. Boraas. 416 US. 1. 94 S.Ct. 1536; 39 
L.Ed.2d 797 (19i4); Berman.v. Parker, 348 U.S. 
26, 75 S.Ct. 98. 99 L.Ed. 27 (1954): Euclid t,. 
Ambler Renltv Ca. 272 U.S. 365. 47 S.Ct. 114, 
71 L.Ed. 303 i1926). 

67 S.Ct. 13, 15, 91 LEd. 12 (1946); NLRB ;-, ’.. . ~ __,, ~ 

Jones & Laughlin Steel Corp., 301 U.S. 1, 
37, 57 S.Ct. 615, 624, 81 L.Ed. 893 (1937). 
This power is “complete in itself, may be 

edges no limitations other than are pr+ 
scribed in the ,constitution.” .Gibbons c Og-. 
den, 9 Wheat. 1, 196, 6 ‘L.Ed. 23 (1824). 
Moreover, this Court has made clear that 
the commerce power extends not only to .. , 

.. . q . - *  
commerce” a n d A o  “protection of the  in-&^.'-? ., 
strumentalities of interstate commerce . . . 

: I 
to “activities affecting commerce.” Perez I.. . , 
v. United States, 402’U.S. 146, 150, 91 S.Ct 
1357, 1359, 28 L.Ed.2d 686 (1971). As ive . . 
explained in Fry ti. United States, 421 US. .L .-: 
542, 547, 95 S.Ct. 1792, ,1795, 44 L.Ed.2d 363 . .. 
(1975), “[elven activity that is purely intm- 
state in character may he regulated by  Con-. 
gress, where the activity, combined with 
like conduct by others similarly situated. 
affects commerce among the States or witk. 
foreign nations.” See National hagumre. of . . 
Cities v. User% 426 U.S., a t  840,.96 S.Ct. at  . 
2468; Heart o f  Atlanta Motel, Inc.. v. Onit----;. 
ed States, supra, 379 US., at 255, 85 S.CL 
at 356; Wickard v. Filburn, 317 U.S. 111, .‘ :. 

United States v. Wrightrvood Daily Co., 315 . . ’ 

U.S. 110, 119,62 S.Ct. 523, 526,86 L.Ed. 726 
(1942); United States v. Darby, supra, 312 . .’.’ 

U.S., at 120-121, 61 S.Ct., a t  460. 
[Z] Thus, when Congress has deter--- ’ - ~ 7 ‘  

mined that an activity affects interstate t . .  ’’ 

commerce, the courts need inquire. only .* 
whether the finding is rational. Here, the ‘‘-1 :. 
District Court properly deferred to con- , I 

gress’ express findings, set out in the M. :-.- . _  
itself, about the e.ffects of surface coal mip. ” -’ 

ing on interstate,commerce. Section-lOW - --: 
30 U.S.C. 5 1201(c) (1976 ed., Supp. 111)~ ”. ;. _. 
recites the congressional finding that 

exercised to its utmost extent, and acknowl- c 

- .  
“the use o f  channels of interstate or foreign 

or persons or things in commerce,” but also . . 

. -. 

’ * - . 1 

121-128,63 S.Ct. 82,90, 87 L.Ed. 122 (1942)); . . .* 

8 

. 
“many surface mining operations E W ~  
in disturbances of surface areas that bur-:. 

18. The Property Clause provides: “The Cop 
gress shall have Power to dispose of and m3kr’ 
all needful Rules and Regulations reSWUg 
the Territory or other Property belonging to*c 
United States.” U.S.Const.. Ar t  IV, 8 3. d 2  

HC 
452 US. 279 
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.. .. - 
which vast amounts of testimony andldocu- &lS 

mentary evidence about the effects of sur- 
face mining on our Nation’s environment 
and economy were brought t o  Congress’ 
attention. Both Committees made detailed 
findings about these effects and the urgent 
need for federal legislation to address the 
problem. The Senate Report explained 
that 

The surface mining legislation was reintro- 
duced in the %th Congress in 1975, and the 
Senate Committee held a hearing on adminis- 
tration objections to the bill. Surface Mining 
Briefing: Briefing before the Senate Committee 
on Interior and insular Affairs, 94th Cong., 1st 
Sess. (1975). Both Committees reported bills 
to the House and Senate. which again passed a 
bill reponed by the Conference Committee. 
President Ford again vetoed the bill. 

The motracted conaressional endeavor fmal- . 
I! bore fruit in 1977. The relevsnt t?ouse and 
Srnce Cornmirites held extensive hewings 
shoniy after ihe openin:: of the 9Sth ConbTess 
to consider bills introduced at the very begin- 
ning of the new legislative session. Surface 
Mining Control and Reclamation Act of 1977: 
Hearings on S.7 before the Subcommittee on 
Public Lands and Resources of the Senate 
Committee on Energy and Natural Resources. 
95th Cong.. ist Sess.  (1977) (1977 Senate Hear- 
ings): Surface Mining Control and Reclamation 
Act of 1977: Hearings on H.R.2 before Sub- 
committee on Energy and the Environment of 
the House committee on Interior and Insular 
Affairs, 95th Cong., ist Sess. (1977) (1977 
House Hearings). The legislation was reported 
to both Houses and passage in both chzmbers 
followed, after lengthy floor debate. 123 Cong. 
Rec. 12661-12286, 15691-15755 (1977). The 
Conference Committee Report was issued in 
July 1977, H.R.Conf.Rep.No.95493 (1977). and 
after further floor debate, both Houses agreed 
to the bill recommended by the conferees. 123 
Cong.Rec. 2396743988, 24419-24429 (1977). 
President Carter signed the Act into law on 
August 3, 1977. The legislative history of the 
Act is summarized in S.Rep.No.95-128, pp. 54- 
61 (1977). and in H.R.Rep.No.95-2.218, pp. 140- 
141 (1977). U.S.Code Cong. & Admin.News 
1977, p. 593. See also Note, 81 W.Va.L.Rrv. 
775 (1979). 

uting to floods, by polluting the water, by 
destroying fish and wildlife habitats, by 
impairing natural beauty, by damaging 
the property of citizens, by creating haz- 
ards dangerous to life and property by 
degrading the quality of life in local com- 
munities, and by counteracting govern- 
mental programs and efforts to conserve 
soil, water, and other natural resources.” 

19. Hearings on pioposed legislation regulating 
surface coal mining began in 1868. Surface 
Mining Reclamation: Hearings hefore the.Sen. 
ate Committee on Interior and Insular Affairs, 
90th Cong.. 2d Sess. (1968). Three years later, 
additional hearings were held by Corrnittees of 
both the I$ouse and the Senate. Regulation of 
Strip Mining: Hearings before the Subcommit- 
tee on Mines and Mining of the House Commit- 
tee on Interior and Insular Affairs, 92d Cong., 
1st Sess. (1971): Surface Mining: Hearings be- 
fore the Subcommittee.on Minerals, Materials 
and Fuels of the Senate Committee 00 Interior 
and Insular Affairs, 92d Cong.. 1st Sess. (1972). 
The Committees reported bills for considera- 
tion by their respective Houses. The House 
passed H.R.6482, but Congress adjourned be- 
fore the Senate could act on the measure. 

Similar bills were reintroduced in the 93d 
Congress and further hearings were heid. Reg- 
ulation of Surface Mining Operations: Hear- 
ings before the Senate Committee on Interior 
and Insular Affairs, 93d Cong., 1st Sess. (1973); 
Regulation of Surface Mining: Hearings before 
the Subcommiitee on the Environment and the 
Subcommittee on Mines and Mining of the 
House Committee on Interior and Insular Af- 
fair& 93d Cong.. 1st Sess. (1973). At the re- 
quest of the Chairman of the Senate Commit- 
tee, the Council on Environmental Quality pre- 
pared a report entitled Coal Surface Mining 
a d  Reclamation: An Environmental and Ecc- 
nomic Assessment of Alternatives (Comm. 
Print 1973), and the Senate Committee held 
additional hearings to consider the report. 
Coal Surface Mining and Reclamation: Hear- 
ings before the Subcommittee on Minerals, Ma- 
WrialS and Fuels of the Senate Committee on 
Interior and Insular Affairs, 93d Cong., 1st 
Sess. (1973). The House and Senate Commit 
tees reported biiis for consideration by both 
Houses, and Congress passed a bill that was 
vetoed by President Ford in 1974. 

den and adversely affect comnlerce and 
the public welfare by destroying or di- 
minishing the utility of land for commer- 
cia!, industrial, residential, recreational, 
aqicultural, and forestry purposes, by 
causing erosion and landslides, hy contrib- 

The legislative record provides ample sup- 
port for these statutory findings. The Sur- 
face Mining Act became layloonly after six 
years of the most thorough Icgis la th  con- 
sideration.” Committees of both Houses of  
Congress held estended hea r ins  during 
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“[s]urface coal mining activities have im- 
posed large social costs on the public . . . 
in many areas of the country in the form 
of unreclaimed lands, water pollution, 
erosion, floods, slope failures, loss of fish 
and wildlife resources. and a decline in 

? 
i 
~,! 

i 

9 

1 

naturat beauty.” S.Rep.No.95-128, p. 50 
(1977). 

See id., a t  50-54. 
I Similarly, the House Committee docu- 

mented the adverse effects of surface coal 
mining on interstate commerce as includ- 
ing: 

‘“Acid drainage which has ruined an 
estimated 11,000 miles of streams; the 
loss of prime hardwood forest and the 
destruction of wildlife habitat by strip 
mining; the degrading of productive 

-@ farmland: recurrentdandslides; siltation 
and sedimentation of river svs- 
terns.. . .”’ H.R.Rep.No.95-218, p. ’58 
(197i), U.S.Code Cong. & Admin.News 
1977, p. 596, quoting H.R.Rep.No.94-1445, 

I 
$ 0 , p. 19 (1976). 
.; 

And in discussing how surface coal mining 
: affects water resources and in turn inter- 
! state commerce, the House Committee ex- 
.i s plained: 

1 “The most widespread damages . . . 
f are environmental in nature. Water 
! users and developers incur significant 

economic and financial losses as well. 
“Reduced recreational values, fishkills, 

reductions in normal waste assimilation 
capacity, impaired water supplies, metals 
and masonry corrosion and deterioration, 
increased flood frequencies and flood 
damages, reductions in designed water 
storage capacities a t  impoundments, and 
higher operating costs for commercial 
waterway users are some of the most 
obvious economic effects that stem from 
mining-related pollution and sedimenta- 

20. Appellees do contend that surface mining 
enhances rather than diminishes the utility of 
land in the steep-siope areas of Virginia. Con- 
gress. however. made contrary findings. and it 
is sufficient for purposes of judicial review that 
Congress had a rational basis for concluding as 0 

tion.” H.R.Rep.h’o.95-218, a t  59, F.S. 
Code Cong. & AdminNews 1977, p. 597. 

The Committees also explained that .ina- 
dequacies in existing state laws and the 
need for uniform minimum nationwide 
standards made federal regulations impen- 
tive. See S.Rep.No.95-128, a t  49; H.R.Rep. 
No.95-213, a t  58; In light of the evidenee 
available to Congress and the detailed con- 
sideriition that the legislation received, we . . . ; 

cannot say that Congress did not have a - ’  . . ,  ’ 

rational basis for concluding that surface 
coal mining has substantial effects on inter- 
sta?e commerce, 

Appellees do not, in general, dispute the - 
validity of the congressional €indings?J 
Rather, appellees’ contention is t h a t s h e e r  
“rational basis” test should not apply in this 
case because the Act regulates land nse,.a 
local activity not affecting interstate eom-  
merce. But even assuming that appellees- 
correctly characterize the land use regulat- 
ed by the Act as a “local” activity, their 

See id., a t  96l22. . Y 

. .  
.. ~ 

’ .  , - 
.- :-:-, 

. .  
argument is unpeisuasive. I 

[3j The denomination of an activity as a,. .”. , . . .  “local” or “intrastate” activity does not re- ’~:: 

solve the question whether Congcess may : 1- 
regulate it under the Commerce Clause. As.-. .:..-- 
previously noted, the commerce power “ex- - ., 

tends to those activities intrastate which SO 

affect interstate commerce, or the exertion . , . 

of the power of Congress oYer it, as to make 
regulation of them appropriate means to 
the attainment of a legitimate end, the 
effective execution of the granted power to 
regulate ‘interstate commerce.” United . 
States v. Wrightwood Dairy Co., 315 U.S., 
a t  119, 62 S.Ct., a t  526. See Fry v. Unitd ’ ’ 

States, 421 US.,  at 547, 9S S.Ct,, at 1’7% ’ 

h’LRB v. Jones & Laugh/in Steel Corp., $01 
US., at 37, 57 S.Ct., at 624. This Court h s  ’ : 
long held that Congress may regulate the 
conditions under which goods shipped in 

- .- 

.:. 

, 

~- 
. 

. .  

. .’ ’ : 

. .’ 

it did. See Kieppe 1’. New Mexico. 426 G.s- ’ 

529. 541, n. IO. 96 S.ct. 2285, 2292, n. 10. ’2. . . -  . 
L.Ed.2d 34 (1956): United States v. Carof=‘-‘ ’ . 
Pmducts Co., 304 U.S. 144, 152-154. 58 SCL - ’  

~. 

77s. 783-78.1.82  LE^. 1234 (1938). .. . 

... 

NO1 
452 us. 253 
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goods shipped in in: 
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21. See. e. g., Unite. 
1204, 1209-1210 (ci 
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sierra Club y. EPA,: 
5% Fdd 1114, 113~ 
U.S. 559. 97 s.ct. 1; 
District of Columbi< 
31 1. 328, 521 FZd 9; 
rem2nded on othcrr 
Brown, 431 us. 99; 
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are produced where commerce should not be m3de the instru- 
of producing these ment of competition in the distribution of 

affects interstate commerce. goods produced under substandard labor 
States V. Darby, 312 U.S. conditions, which competition is injurious to  

LXd. 609 (1941); Wick- the commerce and to the states from and to  
US. 111, 63 S.Q. 82, 87 which the commerce flows." Id. 312 U.S., 

The same rationale 
{in Steel colp., supra; KirschOaum co. V. applies here to support the conclusion that 
IfXJing, 316 US.  517, 62 S.Ct. 1116, 86 the Surface Mining Act is within the au- 
L.Ed. 1638 (19a). Cf. Katzenbsch v. thority granted to Congress by the Com- 
.1IcClung, 379 US. 294, 85 S.Ct. 377, 13 merce Clause. 

Citeas101 S.Cl.2352 (1981) 

v. Jones Laugh- , a t  115, 61 S.Ct., a t  457. 

L.Ed.Zd 290 (196.4). Appellees do not dis- 
p:e that coal is a commodity that moves in 
interstate commerce. Here, Cdngress ra- 
tionally determined that regulation of sur- 
face coal mining is necessary to protect 
interstate commerce from adverse effects 
that may result from that activity. This 
congressional finding is sufficient to sustain 
the Act as a valid exercise of Gongress' 
power under the Commerce Clause. 

Xoreover, the Act responds to a congres- 
sional .finding that.  nationwide "surface 
mining and reclamation standards are es- 
sential in order to insure that competition 
in interstate commerce among sellers of 
coal produced in different States will not be 
used to undermine the ability of the several 
StatesAo improve and maintain adequate 
standards on coal mining operations within 
their borders." 30 U.S.C. 5 1201(g) (1976 
ed., Supp. 111). The prevention of this sort, 
of destructive interstate competition is a 
traditional role for congressional action un- 
der the Commerce Clause. I n  United 
States v. Darby, supra, the Court used a 
similar rationale to sustain the imposition 
of federal minimum wage and maximum 
hour regulations on a manufacturer of 
goods shipped in interstate commerce. The 
Court explained that the statute imple-. 
mented Congress' view that "interstate 

21. See. e. e.. United States v. Bvrd. fi09 F.2d ~".., ..~ .. . ~ ~~ 

120% 120ci210 (CA7 1979); Bethlehem Steel 
COW. v. Train, 544 F.2d 657, 663 (CA3 1976): 
Sierra Club V. PA, 176 U.S.ADD.D.C. 335.360. 
540 F.26 1114. 1139 (1976\. C;rt. denied. 430 
U.S. B59, 97 SCt. 1610, 51 L.Ed.2d 811 (1977): 
District of Columbia v. Train, 172 U.S.App.D.C. 
311,328,521 F.2d 971,958 (1975j, vacated and 
remanded on other grounds sub nom. EPA v. 
Brown, 431 US. 99.'97 S.Ct. 1635, 52 L.Ed.2d 

141 Finally, we agree with the lower 
federal courts that have uniformly found 
the power coQerred by the Commerce 
Clause broad enough to permit congression- 
al regulation of activities causing air or 
water pollution, or other environmental 
hazards that may have effects in more than 
one State?' Appellees do not dispute that 
the environmental and other problefns that 
the Act attempts to control can properly be 
addressed through Commerce Clause legis- 
lation. In these circumstances, it is dtffi- 
cult to find any remaining foundationdor A 8 3  

appellees' argument that, hecause it regu- 
lates a particular land use, the Surface K n -  
ing Act is beyond congressional Commerce 
Clause authority, Accordingly, we turn to.' 
the question whether the means selected hy 
Congress were reasonable and appropriate. 

Appellees' essential challenge to the 
means selected by the Act is -that they are 
redundant or unnecessary. Appellees con- 
tend that a variety of federal statutes such 
as the Clean Air Act, 42 U.S.C. 5 7401 et 
seq. (1976 ed. Supp. III), the Flood Control 
Acts, 33 U.S.C. 5 701 e t  seq. (1976 ed., and 
Supp. III), and the Clean Water Act, 33 
U.S.C. 5 1251 et seq. (1976 ed., and Supp. 
III), adequately address the.federa1 interest 
in controlling the environmental effects of 

166 (1977): United Stafes v. Ashland Oil & 
Transportation Co.. 504 F.2d 1317, 1325 (CA6 
1974); Peonsylvania v. €PA, 500 F.2d 246,259 
(CA3 1974): South Terminal Cop. v. €PA, 504 
F2d  646, 677 (CA1 1974); United States v: 
Bishop Processing Co., 267 FSupp. 624 (Md 
1968). aff'd, 423 F.2d 469 (CA4). cen. denied. 
396 US. 904, 90 S.Q. 1695;26 L.Ed.2d 63 
(1970). 



surface coal mining without need to resort 
to  the land-use regulation scheme of the 
Surface Xiniug Act. The short answer to 
this argument is that the effectiveness of 
existing laws in dealing with a problem 
identified by Congress is ordinarily a mat- 
ter  committed to legislative judgment. 
Congress considered the effectiveness of ex- 
isting legislation and concluded that addi- 
tional measures were necessary to deal with 
the interstate commerce effects of surface 
coal mining. See H.R.Rep.No.95-218, at 
58-60; S.Rep.No.95-128, a t  59-63.. And we 
agree with the court below that the Act’s 
regulatory scheme is reasonahly related to 
the goals Congress sought to accomplish. 
The Act’s restrictiohs on the practices of 
mine operators all serve to control the envi- 
ronmental and other adverse effects of sur- 
face coal mining. 
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..- jbecause it interferes with the States’ ‘‘tra:&s 

In sum, we conclude that the District 
Court properly rejected appellees’ Com- 
merce Clause challenge to  the Act. We 
therefore turn to the court’s ruling that the 
Act contravenes affirmative constitutional 
limitations on congressional exercise of the 
commerce power. 

ing the highwall and returning the site to 
its “approximate original contour”; 23 (ii) to 
refrain from dumping spoil material on the 
downslope below the heneh or mining cut; 
and (iii) to refrain from disturbing land 
above the highwall unless permitted to do 
so by the regulatory authority. 5 515(d), 30 
U.S.C. 5 1265(d) (1976 ed:, Supp. 111). Un- 
der 5 515(e), a “steep-slope’’ operator may 
obtain a variance from the approximate. 
original-contour requirement by showing 
that i t  will allow a postreclamation use that 
is “deemed t o  constitute an equal or better 
economic or public use” than would other-- 
wise be possible. 30 U.S.C. § 1265(e)(3)(A). ’. 

(1976 ed., Supp. 
The District Court’s ruling relied heat?ly 

on our decision in National League of Cities ,~ 
v. Usery, 426 US. 833, 96 S.Ct. 2465, 40 ’ r:.; 
L.Ed.2d 24.5 (1976). 
viewed the central issue as whether the Act 
governs the activities of private individuals, 
or whether it instead regulates the govern-- 
mental decisions of the States. And HI- 
though the court acknowledged  that^ the ’ .  
Act ”ultimately affects the coal mineopen-. ~ ... 

tor,” 483 FSupp., a t  432, it concluded that : ,.. -.’. 

the Act contravenes the Tenth Amendment .,:-: 

7 -  

.. 

The District C o w  - 
”, 

111 

[51 The District Court invalidated 
55 515(d) and (e) of the Act, which pre- 
scribe performance standards for surface 

A 8 4  coallmining on “steep slopes,”22 on the 
ground that they violate a constitutional 
limitation on the commerce power imposed 
by the Tenth Amendment. These provi- 

reclaim the mined area by completely cover- 

22. Section 515(d)(4), 30 U.S.C. 5 1265(d)(4) 
(1976 ed.. Supp. IiI), defines a “steep slope” a s  
“any slope above twenty degrees or such lesser 
slope as may be defined by the regulatory au- 
thority after consideration of soil, climate, and 
other characteristics of a region or State.“ 

23. The term “approximate original contour” is 
defined as “that surface configuration achieved 
by backfilling and grading of the mined area so 
that the reclaimed area, including any terracing 
or access roads, closely resembles the general 
surface configuration,pf the land prior to min- 
ing and b iends’Eand complements the draln- 
age pattern of the surrounding terrain, with all 

1 
! 

i 
I sions require “steep-slope’’ operators: (i) to 

i 

ditional governmental function” of replat-. 
ing land use, The court held that, as a p -  
plied to Virginia, the Act’s steep-slope pro- . .-’:. : 
visions impermissibly constrict the Stat& , 

ability to make “essential decisions.”? The. 
court found the Act accomplishes this result . - .  
“through forced relinquishment of slate . , 
control of land use planning; through loss. ’. 

through economic harm, from expenditure 

highwalls and spoil piles eliminated.” 3 701(% 
30 U.S.C. 5 1291(2) (1976 ed., Supp. 111). 

of state control of its economy; and . .  

’ . ’ 

24. Section 515(c). 30 U.S.C. § 1265(c) (1976eh ’. 
Supp. 111). establishes a separate variance P m  
cedure for mountaintop mining operations. 

25. The court reasoned that although the 
allows a State to elect to have its own re&--: 
tory program. the ”choice that is purpofid!’ 
given is no choice at all“ because the Braaie . 
program must comply with federally preSUiM. -:’. ’ 
standards. 483 FSupp., at 432. 

, . 

.I, 

. - A <  ’. 
I. 

HOD 
452 U.S. 2$7 
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of state funds to implement the act and “Congressional power over areas of pri- 
from ‘destruction of the tasing power of vate endeavor, even when its exercise 

counties, cities, and towns.” Id., a t  may pre-empt express state-law determi- 
435.26 The court therefore permanently en- nutions contrary to the result that  has 
joined enforcement of Sfi 515(d) and (e)?’ commended itself to the colective \vis- 

,,,, l’he District Court’s reliance on liational dom of Congress, has been held to be 
of Cities requires a careful limited only by the requirement that  ’the 

of the actual basis and import of our de& means chosen by [Congress] must be rea- 
in that case. There, we considered a sonably adapted tn the end permitted by 

consritu:ional challenge to the 1974 amend- the Constitution:’ Heart of Atlanta i%- 
mentS to the Fair Labor Standards Act tef,’InC. V. United States, 379 U.S. 
5vhich had extended federal minimum wage 262, 85 S.CL a8,  360, 13 L.Fd.2d 258 
and maximum hour reblations to  most (19+w” Id., at 96 s.Ct., at a69. 
state and local government employees. Be- The Court noted, however, that “the 
c~use  it was conceded that the challenged ,States as States stand on a quite different 
regulations were “undoubtedly within the footing from an individual or corporation 
scope of the Commerce Clause,” 426 US., a t  when challenging the exercise of Congress’ 
W1, 96 S.Gt., at 2469, the only question power to regulate commerce.” Id., a t  854, 
presented was whether that  particular exer- 96 S.Ct., at 2475. It indicated that  when 
cise of the commerce power “encounter[ed] Congress attempts to directly regulate the 
B . . . constitutional barrier because [the States as States the TenthlAmendment J 3 7  

regulations] applied directly to the States requires recognition that “there are attrib- 
and subchiisions of States as employers.” utes of sovereignty attaching to every state. 
Ibid. We began by dra*<ng a sharp dis- government which may not be impaired by 
tinction between congressional regulation Congress, not because Congress.nay lack an 
of private persons and businesses “necessar- affirmative grant of legislative authority to  
ily subject to the dual sovereignty of the reach the matter, but because the Constitu- 
government of the Nation and of the State tion prohibits it from exercising the author- 
in which they reside,” id., at 845,9^0 S.Ct., at ity in that manner.” Id., a t  845,96 S.Ct., at. 
2171, and federal regulation “cliuected, not 2171, The Court held that the power to set 
to private citizens, but to  the States as the wages and work hours of state employ- 
States,” ibid. As to the former, we found ees \vas “an undoubted attribute of state 
no Tenth Amendment impediment to con- sovereignty.” Ibid. And hecause it further 
gresjional action. Instead, we reaffirmed found that the challenged regulations 
our consistent rule: would “displace the States’ freedom to 

Cileas 101 S.Ct.2532 (19dl) 

- 

26. On the basis of the evidence presented at 
trial, the court found that postmining restora. 
tion of steep slopes to their “appmidmate origi- 
nal contour” is “economically infeasible and 
physically impossible.” Id., at 431. The court 
noted that the steep-slope provisions particu- 
larly affect Virginia because 95% of its coal 
reserves are located on such lands. And the 
Court indicated that several coal mine opera- 
lots had been forced to shut down because they 
Sere unable to comply with the Act3 require- 
ments, with adverse consequences for the econ- 
omies of various towns and counties that are . 
dependent on c o d  mining. The court also 
found that there is a need for level land in the 
countfes of the Virgida coal fields. and it con- 
c:uded that the Act’s reclamation provisions 
would prevent “forward-looking land use plan- 
ning” by the State. Ibid. Finally. the court 

found that restoration of mined land to its 
~riginal contow would diminish the value of 
the land from the $5,WO-$300,000-an-acre val- 
ue of level land to the $5-$75-per‘-acre value of 
steepslope land. 

27. In its order and opinion accompanying its 
denial of the Secretary’s request for a Stay’ of 
its judgment pending appeal, see n. 13, supra, 
the District Court explained that the injunction 
against enforcement of the steepslope stan- 
dards was not intended to “a1lofvil spoil to be 
placed on the dawnstape in an uncontrolled 
manner.” The court stated that “[alny such 
downslope spail placement shall be in a con- 
trolled manner meeting enrironmental protec- 
tion standards specified by the regulatory au- 

, thority.” J.S.App. 2a. 

m 
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structure integral operations in areas of 
traditional governmental functions," id., a t  
852, 96 S.Ct., a t  2 7 4 ,  the Court concluded 
that Congress could not, consistently with 
the Tenth Amendment, "ahrogate the 
States' otherwise plenary authority to make 
[these decisions]." Id., a t  846, 96 S.Ct., a t  
2471." 

C6] It should be apparent from this dis- 
cussion that in order t o  succeed, a claim 
that congressional commerce power legisla- 
tion is  invalid under the reasoning of Na- 
tional League of Cities must satisfy each of 
three requirement.% First, there must be a 
showing that the challenged statute regu- 
lates the "States as States." Id., a t  854, 96 

~. 1 S.Ct., a t  2475. Second, the federal regu- 
Ax8 la&on must address matters that  are indis- 

i putably "attribute[s] of state sovereignty." 
Id., at 845, 96 S.CL, a t  2471. And, third, it 
must be apparent that the States' compli- 
ance with the federal I&w would directly 
impair their ahility ."to structure integral 
operations in are= of traditional govern- 
mental functions." Id., at 852, 96 S.Ct., a t  
2472.29 Nhen the Surface Mining Act is 
examined in light of these principles, i t  is 
clear that appellees' Tenth Amendment 
challenge must fail because the f i t  of  the 
three requirements is not satisfied. The 
District Court's holding to the contrary 
rests on an unwarranted extension of the 
decision in Xational League of Cities. 

. 

1 

j 
. .  

28. NationalLeague of Cities expressly left open 
the question "whether different resuits might 
obtain if Congress seeks to affect integral oper- 
ations of state governments by exercising au- 
thority granted it under other sections of the 
Constitution such as the spending power, Art. 
1. 5 8. CI. 1. or 5 5 of the Fourteenth Amend- 
ment:' 426 US., a t  852. n. 17, 96 S.Ct., at 
2474, n. 17. In Fltzpatrick'v. Bitzer, 427 U.S. 
445. 96 S.Ct. 2666, 49 L.Ed.2d 614 (i976), the 
Court upheld Congress' power under 5 5 of the 
Fourteenth Amendment to authorize private 
damages actions against state governments for 
discriminarion in employment. The Court ex- 
plained that because the Amendment was 
adopted with the specific purpose of limiting 
s ta te  autonomy. constitutional principles of 
iederalinm do not restrict congressional power 
to invade state autonomy when Congress legis- 
lares under $ 5 of the Fourteenth Amendment. 
Id.. at 452156, 96 S.Ct., a t  2669-2671. Simi- 

OURT REPORTER 452 US. 287 . .  

As the District Court itself ackno:+ 
edged, the steepslope provisions o€ the sur- . : 
face Mining Act govern only the actiritje .t9~+,4a8:i. 
of coal mine operators who are private indi- 
viduals and businesses. Moreover, the 
States are not compelled to enforce the 
steepslope standards, to expend any S L Q ~  

latory program in any manner whatsoever. 
If a State does not wish to submit a p w  
posed permanent program that complies . . 
with the Act and implementing regulations,. . ~ 

the full regulatory burden will he borne by- ..;: 
the Federal Government. Thus, there can i:.~ 

he no suggestion that the Act commandeem 
the legislative processes of the S t a t e  by 
directly compelling them to enaet'and en- . 

- 

- ::-:,; i 
-I: 

'. I :: >.*~ ~ 

funds, or to participate in the federal r e p  . .  

(CA4 1975), vacated and remanded sub nom 
EPA v. Brown, 431 U.S. 99, 97 S.Ct. lG5v. 
52 L.M.2d 166 (1977); District of Columbia 
v. Train, 1'12 U.S.App.D.C. 311,330-334,52L 
F.2d 97l, 990-994 (1975), vacated and re.. 
manded sub nom. EPA v. Brorvn,.431 E.% 

Mining Act establishes a program of CWF- .I 

within limits establish 
mum standards, t 

la&, in City of Rome v. United States, 446 U.5 - ' ":,. , ' 
156, 179, 100 SCt. 1548, 1562, E4 L.Ed.2d 119 A ; i  ' 

f1980). we held that the Tenth Amendrrenr .>..:;: i .: . 
places no restrictions on congressional paw= 
"to enforce the Civil War Amendments 'by aF-- 
propriate legislation.' " 

.'? -.' ' ' 

" 

29. Demonstrathg that these three ..req*-',"z;;: ,, , 
men& are met does not, however, g u m t e e  

justses  state submission. 
.States, 421 US. 542, 95 S.Ct. 1792.44 L. 
363 (1975), reaffirmed in  National League d 
Cities v, Usem, 426 US., at 852-853. 96 S.CL-' 
at 247G2475. See also id; a t  856, 96 S.CL 
2476 (BLACKMUN, J., concuning). 

See F I ~  V. 

their own regula 
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F.2d 807, 808 (15 
Act resembles a 
statutes that hav 
ment challenges 
courts.30 
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t$eir own regulatory programs, structured U.S. 637, 649-650, 91 S.Ct. 1704, 1711, 29 ’ 
meet their own particular needs. See In L.Ed.Zd 233 (1971); Florida Lime Avoea- 

E Permanent Surface .&fining Regulation do Growers, Inc. v. Paul, 373 US: 132, 141- 
Lit;g?tion, 199 U.S.App.D.C. 225, 226, 617 143, 83 S.Ct. 1210, 1216-1217, 10 L.Ed.2d 
F.2d 807, 80s (1980). In this respectt, the 248 (1963); Bethlehem Steel Co. v. New 
;\.et resembles a number of other federal York State Labor Relations Bd., 330 U.S. 

sence, appellees urge us to join the District 368 U.S. 297, 82 s.ct. 327, 7 L.Ed.2.d 299 
Court in Iooking beyond the activities actu- (1961); y. Fe Elevator 331 

eifeck on the States’ freedom to make deci- Transit Comm’n .v. Shtes, 289 u.s, sions in areas of ”integral governmental 121, 53 S,Ct, 536, 77 L,Ed, 1075 (1933). Al- 
though such conpessional enactments obvi- functions.” And appellees emphasize, as 

did the court below, that the Act interferes ously curtail or prohibit the States’ preroga- aith the States’ ability to exercise their tives to make legislative choices respecting police powers by regulating land use. 
subjects the States may consider important, 

I71 Appelle=’ claims accurately Charac- the Supremacy Clause permits no other re- 
terize the Act insofar as it prescribes feder- sult, see chicago a North western 
a1 minimum standards governing surface Transp, c,,, v, ~~l~ ~ ~ i ~ k  a ~ i l ~  c0., 450 
coal mining, which a State may either im- u.s, 311, 317319, lol s.ct, lm, 1130- 

ah‘ regulated by the Act to U.S. 218, 67 S,Ct. 1146,91 1447 (1947); 

plement itself or else yield to a federally 
dministered replatory program. To oh- 
ject  to tyi scheme, however, appellees must 

1131, 67 L,Ed,U 2j8 (lgsl); Sanitary Djs- 
trict v, United States, 266 u,s. 405, 
426, S,Ct. 176, 17s, 69 L.Ed. 852 (19z51; 
The Minnesota Rate Cases, 230 US. 352, 
399, 33 S.Ct. 729,739, 57 L.Ed. 1511 (1913); 
Gibbons V. Ugden, 9 Wheat., at 211. As the 
Court long ago stated: “It is elementary 
and well settled that there can be no divid- 

A Of Precedent conVes- ed authority Over interstate and 
that the acts of Congress. on that suhject 
are supreme and exclusive.” ’ Missouri Pa- 
cjfk B Co. v. Stroud, 267 US. 404,408,45 
S.Ct. 243, 245, 69 L.Ed. 653 (1925). 

have enacted a statute prohibiting any state 

U S .  902, 98 S.Ct. 296. 54 L.Ed.Zd 188 (1977); 
Sierra Club v. EPA. 176 U.S.APP.D.C. 335, 359, 
540 F.2d llJ4, 1140 (1976) (upholding the 
Clean Water Act, 33 U.S.C. 5 1251 et sen.). 
cert. denied, 430 US. 959, 97 S.Ct 1610. 51 
L.Ed:Zd 811 (1977). 

assume that the Tenth Amendment limits 
-p congressional power tolpre-empt or dis- 

place state regulation of private activities 
affecting interstate commerce. This as- 
sumption is incorrect. 

+anal authority to displace or pre-empt 
s k t e  laws regulating private activity af- 
fecting interstate commerce when these 
him conflict with federal law. See, e. g., 
JofieS V. Rath Packing Co., 4.30 U.S. 519, 
3E-526, 97 S.Ct. 1305, 1309, 1310, 51 Thus, Congress could constitutionally . 

L.Ed.2d 604 (1977); Perez v. Campbell, 402 

30; See. e. g.. Unitedstates v. Helsley. 615 F.2d 
(CA9 1979) (upholding the Airborne Hunt- 

ing Act, 16 U.S.C. g 7423-1); Friends of the 
5 e h ,  Inc. v, Carey, 552 F.2d 25, 3639 (CAZ) 
(Wholding the Clean Air Act, 42 U.S.C. g 7401 

Seq. (1976 ed., Supp. Ill)), cert. denied, 434 
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regulation of surface coal mining. We fail 
to sce why the Surface Mining Act should 
become constitutionally suspect simply he- 
cause Congress chose to allow the States a 
regulatory role. Contrary to the assump- 
tion by both the District Court and appel- 
lees, nothing inLNational League of Cities 
suggests that  the Tenth Amendment shields 
the States from pre-emptive federal regula- 
tion of private activities affecting inter- 
state commerce. To the contrary, National 
League of Cities explicitly reaffirmed the 
teaching of earlier cases that Congress may, 
in regulating private activities pursuant to 
the commerce power, “pre-empt express 
state-law determinations contrary to the re- 
sult which has commended itself to the col- 
lective wisdom of Congress. . , .” 426 US., 
at 840, 96 S.Ct., at 2.169. The only limita- 
tion on congressional authority in this re- 
gard is the requirement that  the means 
selected be reasonably related to the.goa1 of 
regdating interstate commerce. Ibid. We 
have already indicated that the Act satisfies 
this test.31 
[SI This conclusion applies.regardless of 

whether the federal legislation displaces 
laws enacted under the States’ “police pow- 
ers.” The Court long ago rejected the sug- 
gestion that Congress invades areas re- 
served to the States by the Tenth Amend- 
ment simply because i t  exercises its authori- 
t y  under the Commerce Clause in a manner 
that  displaces the States’ exercise of their 
police powers. See Hoke v. United States, 
227 US .  308,320323,33 S.Ct. 281,283-284, 
57 L.Ed. 523 (1913); Athanasaw v. United 
States, 227 U.S. 326, 33 S.Ct. 285, 57 L.Ed. 
528 (1913); Cleveland v. United States, 329 

31. See supra, at 2363. It is signiecant that the 
Commonwealth of Virginia presses its Tenth 
Amendment chalienge io the Act simply as 
another regulator of surface coal mining whose 
regulatory program has been displaced or pre- 
empted by federal law. As indicated in text. 
there are no Tenth Amendment concerns in 
such situations. 

32. This holding disposes of the contention by 
appellees and various amici that the Surface 
Mining Act is uneanrtitutiunal because it pre- 
sumes the existence.of a federal police power. 
As the Court has stated “’The authority.of the 

US., a t  19,67 S.Ct., at 15; United States v. 
Darby, 312 US., a t  113-114, 61 S.Ct., at 

Dairy Co., 315 U.S., a t  119, 62 S.Ct., at 526, . ’’ 
Cf. United State3 v. Carolene Products CO., 
304 U.S. 144,147,58 S.cL 778,781,82 L.Ed. 
12.34 (1938) (“it is no objection to the exer- 
tion of the p o w a  to regulate interstate 
commerce that its exercise is attended by 
the same incidents which attend the exer- 
cise of the police power oE the states”);= 
accord, FPC v. Natural Gas Pipeline Co., 
3151U.S. 575, 582, 62 S.ct. 736, 741,: 86 _~ln?,, g 
L.Ed. 1037 (1942); Hamilton v. Kentucky . . 

Distilleries & Warehouse Co.,.251 U.S. 146,. .’: 
156, 40 S.Ct. 106, 108, 62 L.Ed. 194 (1919): e.. :.:. .. 
Seven Cases v. United States, 239 U.S. 510, . .. ’’ .. 

This Court has upheld as constitutional any : . : “‘t 
number of federal statutes enacted under . . ‘ ‘:i 
the commerce power that pre-empt particu- . :, 
lar exercises of state police power. See, e. -. , ”::. ., i 
g., United State3 v. Walsh, 331 U.S. 432, 67 .: ’ ; 
S.Ct. E83, 91 L.Ed. 1585 (1947) (upholding ,;-f:..>i,L;l 
Federal Food, Drug, and Cosmet‘ic Act, 21, : ‘h2 
U.S.C. $5 301492); NLRB v. Jones’ & .:.-. 
LsughIin Steel Corp.. 301 U.S. 1, 57 S.Ct -:2% 1; 
615,81 L.Ed. 893 (1937) (upholding National. . . * -: { 
Labor Relations Act, 29 U.S.C. $5 151-1@3); ... .. t 
United States v. Darby, supra (upholding .~.  . ’:: . 
Fair Labor Standards Act, 29 U.S.G., .~ .&. ’ 
$5 201-219). It would therefore be a radi- 2 :: i. I 
cal departure from long-established prece- i ’  
dent for this Court to hold that the Tenth 2’’ ;..- 

Amendment prohibits Congress from dis- ’’ 

placing state police power laws regulating 
private activity. Nothing in Aratiod <-. 
League of Cities compels or even hints at .  ’ . 

such a departure.” 

456-457; United states V. tVrightri;ood 
I,.+ -i* 

.. . 

514, 36 S.Ct. 190, 191, 60 L.Ed. 411 (1916). I 

- ... 
. .  

federal government over interstate comerre  -. ’ -. 
does not differ in extent or character from that. ’ : ’ . 
retained by the states over intrastate Corn 
merce.’” United States v. Darby, 312 US.. 
116, 61 S.CL, at 458, quoting United Scales V. 

Rock Royal Co-operalive, 307 US. 533, 564- 
570, 59 S.Ct. 993, 1010-1011, 83 L.Ed. LM 
(1939). 

~’ ’ 

.- . . 

33. The remaining justification asserted by be-.’ . 
District Court for its Tenth Amendment &&. - . 
one that appellees urge here, is that the Steep ” 
slope mining requirements will harm Virginras : ’ 
.economy and destroy the taxing power of Some‘ , . 

’ 

1 
1. 

I. .. ... . . .- 
r.:. . . / _  

HOI 
4152 us. 294 
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9 ciya lenge to the Surface Mining Act must ~ 

?; [ail because here, in contrast to the situa- 1 5 
tior, in Sationaf League of Cities, the stat- 

!k “tu at issne reylates  only “individual busi- ! 

Citcas IO1 S.Ct.2352 (1881) 

sum, appellees’ Tenth Amendment 

.. 
nesses ne&essarily subject to  the dual sover- 

,$ @ignty of the government of the Nation and 
,& the State in which they reside.” A’ational 
:S League of Cities v. Usery, 426 US., at 845, 
.$ 96 S.Ct., a t  2&71.% Accordingly, we turn to  

the District Court’s ruling that the Act 

. ”  

.- 

;s! 
contravenes other constitutional limits on 
congressional action. 

[g] The District Court held that  two of 
the Act’s provisions Violate the Just  Com- 
pensztion Clause of the Fifth Amendment. 
First, the court found that the steepslope 

towns and counties in the Commonwealth. In 
this regard. the court may have been influenced 
by the discussion in National Lezgue of Cities 
about the l ie ly  effects of the challenged regu- 
lations on the finances of state and local 
governments. National League of Cities v. 
Usem, 426 U.S.. a t  846-847, 96 S.Ct.. at 2471- 

impact on the States. Id., a t  847, 96 S.Ct., a t  
2472. Moreover, even if it is true that the Act’s 
requirements will have a measurable impact on 
Virginia’s economy, this kind of effect, standing 
alone, is insufficient to establish a violation of 
the Tenth Amendment. In Oklahoma v. Atkin- 
son Co., 313 US. 508, 534-535, 61 S.Ct. 1050. 
1063-1064, 85 L.Ed. 1487 (1941). the court 
rejected the assertion that an adverse impact 
on state and local economies is a barrier to 
Congress’ exercise of its power under the Com- 
merce Clause to regulate private activities af- 
fecting interstate commerce. We are not per- 
suaded that there are compelling reasons 
presented in the instant cases for reversing the 
Couii‘s position. 

34. We have assumed that the District Court 
g . ~  correctly held that land-use regulation is an 
% ”integral governmental function” as that term &: w a s  used in National League of Cities. Our 

$ resolution of the Tenth Amendment challenge 
it to the Act makes it unnecessa’iy for us to d e  
$ cide whether this is actually the case. 
a* 33. The District Court acknowledged the exist- 

ence of a statutory procedure for requesting 
wiances from the steep-slope provisions. But 
the Court suggested that the statutory require- 
ment that highwalls of reclaimed mining cuts 

‘~il. $2. ?&? .I 

~3 
^“ @ 

:-” 

b?. 

& 

provisions discussed above effect an uncom- 
pensated taking of private property by re- 
quiring operators t o  perform the “economi- 
cally and physically impossible” task of re- 
storing steep-slope surface mines to their 
approximate original contour, 4S3 F.Supp., 
at  437.JF The court further held that, esen 
if steep-slope surface mines could be re- 
stored to their approximate original con- 
tour, the value of the mined land after such 
restoration would have “been diminished to 
practically noth&g.” ISid. Second, the L 9 4  

court found that § 622 of the Act effects an 
unconstitutional taking beczuse i t  espressly 
prohibits mining in certain locations and 
“clearly prevenqs] a person from mining his 
own land or having it mined.” Id., at 441.% 
Relying on this Courts decision in Pennsj-1- 
vania Coal Co. v. Xahon, 260 US. 393, 43 
S.Ct. 158, 67 L.Ed. 322 (193). the District 

be completely covered makes thls variance pro- 
cedure “meaningless” to steepslope mine oper- 
ators. 483 FSupp.. at 437. This conclusion 
was premature. See n. 39, infra. 

36. With certain specified exceptions, and suh- 
ject to “valid existing rights,” 4 52Z(e) prohibits 
surface mining operations in national parks 
and forests, or where they uiil adversely affect 
publicly owned parks or places that are includ- 
ed in the National Register of Historic Sites. 
30 U.S.C. $9 1272(e)(1). (2)‘ and (3) (1976 ed.. 
Supp. Ill). I t  also prohibits surface mining 
within 100 feet of a cemeten’ or the right-of- 
way of a public road, and !cithin 300 feet of an 
occupied dwelling. public building. school, 
church, community or lnstiturional building, or 
publjc p a r k  55 522(e)(4) and (5). 

Sections 522(a). (c), and (d), which become 
applicable during the permanent phase of the 
regulatory program. require the establishment 
of procedures for designaring particular lands 
as unsuitable for some or a11 surface miru’ng. 
30 U.S.C. 55 1272(a), (c), and (d) (1976 ed.. 
Supp. IiI). The District Courts ruling that. 
these latter provisions effect an Unconstitrttlon- 
a1 taking of private property is puzzling and 
.cannot stand. Since these prdvisians do not 
come into effect until the permanent phase of 
the Act’s regulatory program. they have nor 
been applied to appellees or any Other private 
landowner in Virginia. In these circumstances, 
there was no justiciable case or controvcrsy 
with reeard to these sections of the Act. See ..~--- - ~-~ 
United Public Workers I,. .\lircbeJl. 330 U.5, 75, 
84-91, 67 S.Ct. 556. 5-565. 91 L.Ed- 754 
(1947) 
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Court held that both of these provisions are 
unconstitutional because they “depriv[e] 
[coal mine operators] of any use of [their) 
land, not only the most profiilabk . . , . ‘ I  

483 FSupp., a t  441. 
We conclude that the District Court’s rul- 

ing on the “taking” issue suffers from a 
fatal deficiency: neither appellees nor the 
court identified any property in which ap- 
pellees have an interest that  has allegedly 
been taken by operation of the Act. By 
proceeding in this fashion, the court helow 
ignored this Court’s ofbrepeated admoni- 
tion that the constitutionality of statutes 
ought not be decided except in an actual 

Jg6l€actual setting that makes such a decision 
necessary. See Socialist Labor Party v. Gil- 
ligan, 406 US. 583,588,92 S.Ct. 1716, 1719, 
32 L.Ed.2d 317 (1972); Rescue Army v. N u -  
nicipal Court, 331 US. 549,565-575, 584, 67 
S.Ct. 1409, 1419-1423, 91 L.Ed. 1666 (1947); 
Alabama State Federation of Labor v. 
McAdory, 325 US. 450, 461, &5 S.Ct. 1384, 
1389, 89 L.Ed. 1725 (1945). Adherence to  
this rule is particularly important in cases 
raising allegations of an unconstitutional 
taking o f  private property. Just last Term, 
we reaffirmed that 

“this.Court has, generally ‘been unable to 
develop any “set formula” for determin- 
ing when “justice and fairness” require 
that economic injuries caused by public 
action be compensated by the govern- 
ment, rather than remain disproportion- 
ately concentrated on a few persons.’ 
Rather, it has examined the ‘taking’ ques- 
tion by engaging in essentially ad hoc, 
factual inquiries that have identified sev- 
eral factors-such as the economic impact 
of the regulation, its interference with 
reasonable investment hacked expecta- 

37. Although § 522(e) prohibits any surface coal 
mining in certain areas, appellees’ “taking” 
challenge to this provision Is premature. First, 
appellees made no showing in the District 
court that they own tracts of land that are 
affected by this provision. Second, 5 522(e) 
does not, on its face, deprive owners of land 
within its reach of economically viable use of 
their land since it does not proscribe nonmining 
uses of such land. Third, 5 522(e)’s restrictions 
are expressly made subject to ”valid existing 

tions, and the character of the govern- 
ment action-that have particular signifi-. 
cance.” Xaiser Aetna v. United Siates, 
444 U.S. 164, 176, 100.S.Ct. 383, 390, 62 

These “ad hoc, factual inquiries” must be 
conducted wit11 respect to specific property, 
and the particular estimates of economic 
impact and ultimate valuation relevant in 
the unique circumstances.. 

[lo] Because appellees’ taking claim 
arose in the context of a facial challenge, it 
presented no concrete cont.roversy coucern- 
ing either application of the Act to particu- 
lar surface mining operations .or its effect 
on specific parcels of land. ‘Thus, the only 
issue properly before the District Court and, 
in turn, this Court, is whether the“’mere. 
enactment” of the Surface Nining Act con- 
stitutes a taking. See Agins v. Tiburon, 
447 US. 255, 260, 100 S.Ct. 2138, 2141, 6 5  
L.Ed.2d 106 (1980). The test to be applied 
in considering this facial challenge is fairly 
straightforward. AJtatute regulating the& ’ - 
uses that can be made of property effects a - . 
taking if it “denies an owner economically. , ;- :...’. 
viable use of his land , . . .” Agim v. Tibu-. ,” :..: 
ron, supra, at 260, 100 S.Ct., a t  U4l. See 
Penn Central Transp. Co. v, .New York City, 

(1978). The Swface %lining Act easily sur- . . 
vives scrutiny under this test. 

First, the Act does not, on its face, p re .  
vent beneficial use of coal-bearing lands 
Except for the proscription of mining near 
certain locations by 5 522(e), the Act d m  
not categorically prohibit surface coal mi* 
ing; it merely regulates the conditions un- 
der which such operations may be conduct- 
edn The .Act does not purport to  regulate . 

L.Ed.2d 332 (1979) (citations omitted). 
~ 

’ . 

. .I 
. ’ - :... 

438 U.S. 104, 98 S.Ct. 26-16, 57 L.Ed.2d 631 . .: 

. 

, 

rights.” Appellees c0ntend.tha.t this exception ’- - -  
“applies only to specific surface mining OFn- 
tions for which all required pemik were issued 8 ,  

prior to August 3, 1977, the effective date.0‘ 
the Act,” Brief for Virginia Surface M- -’ 
Reclamation Association, Inc., et N., 48. TIUS 
interpretation of the exception is not comPeued 
by either the statutory language or its 
tive history, See H.RRep.No.95-218, P. 95 .” 
(1977). it is apparently based on 30 cFR . . 
5 761,5(a)(2)(i) (1980), a regulation PromdgaL- 

- r  
. 

’ : 

- ’  

- .  
.. . , 
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tive solutions confirms the conclusion that 
tlie taking issue decided by the District 
Court simply is not ripe for judicial rcsolu- 

Citeas 101 S.CI. 2352 (1981) 

alternative uses to vhich coal-bearing lands 
nl:iy be put:B Thus, in the posture in 

ore us, there is 
“mere enact. tinn.“O 

. .  

,.” - .* 
“lent” of the Surface Mining Act has de- 
prived appellees of economically viable use 
of their property. 

Xoreover, appellees cannot a t  this junc- 
ture legitimately raise complaints in this 
Court about the manner in which the chal- 
lenged provisions of the Act have been or 
s i l l  be applied in specific circumstances, or 
about their effect on particular coal mining 
operations. There is no indication in the 
record that appellees have availed them- 
selves of the opportunities provided by the 
Act to obtain administrative relief by re- 
questing either a variance from the approx- 
imate-original-contour requirement of 
9: G ( d )  or a wiver from the surface min- 
ing restrictions in 3 522(e). If appellees 
were to seek administrative relief under 
these procedures, a mutually acceptable so- 
lution might well be reached with regard to 
individual proprties, thereby obviating any 
need to address the constitutional ques- 
tior1s.3~ The potential for such administra- 

ed by the Secretary. That regulation, however, 
was remanded to the Secretary for reconsidera- 
tion by the United States District Court for the 
District of Columbia. In re Permanent Surface 
Mining Regulation Litigation. 14 ERC 1083, 
1091 (D.C.1980), appeals pending. No. 80-1810 
e! at. (CADC). The Secretary did not ask the 
Court of Appeals to review this portion of the 
District Court’s judgment. 

38. IF, as the District Court found, level land in 
the steepslope areas of Virginia is worth 
SS,WO-SSOO,Op per acre, some landowners 
presumably retain the option of simply leveling 
the land without first mining the coal. More- 
o w ,  if flat benchland is truly as valuable as 
the court below found, there should be no fi- 
nancial impediment to the re-establishment of 
flat areas on the sites of some old mining oper- 
ations. once those areas have been restored and 
stabilized in the manner required by the Act. 

3% The District Court’s conclusion that the 
steepslope valiance procedure in g 515(e) does 
not offer a meaningful opportunity for adminis- 
trative relief was premature. Appellees did not 
identify any instance in which the statutory 
obligation to cover the highwall had prevented 
a mine operator from taking advantage of the 
variance procedure. 

A 
[ll] The District Court next ruled that 

the Act contravenes the Fifth Amendment 
because a number of its enforcement provi- 
sions offend the Amendment’s Due Process 
Clause. One such provision is $ 521(a)(2), 
30 U.S.C. 5 1271(a)(2) (1976 ed., Supp. III), 
which instructs the Secretary immediately 
to order total or partial cessation of a sur- 
face mining operation whenever he deter- 
mines, on the basis of a federal inspection, 
that the operation is in violation of theAct  
or a permit condition required by the Act 
and that the operation 

“creates an immediate danger to the 
health or sde ty  of the public, or is 
causing, or can reasonably be expected to 
cause significant, imminent environmen- 
tal harm to land, air, or water resources 

78 41 .... 
40. Although we conclude that “mere enact- 

ment” of the Act did not effect a taking of 
private property, this holding does not preclude 
appellees or other caal mine operators from 
attempting to show that as applied to particu- 
lar parcels of land, the Act and the Secretary’s 
regulations effect a taking. Even then, such an 
alleged takins is not unconstitutional unless 
just compensation is unavailable, See Duke 
Power Co. v. Carolina Environmental Study 
Group, rnc.. 438 US. 59, 94, n. 39, 98 S.Ct. 
2620, 2641, n. 39, 57 LEd.2d 595 (1978); Re- 
gional Rail Reorganization Act Cases, 419 U S .  
102, 125-136 (1974); Larson v. Domestic g: 
Foreign Commerce Corp.. 337 US. 682,697, n. 
18. 69 S.Ct. 1457, 1465, n. 18, 93 L.Ed. 1628 
(1949). 

41. Where the Secretary determines that a vio- 
lation of the Act or of a permit condition does 
not entail such a serious threat, he must issue a 
notice of violation fixing a reasonable time for 
abatement. 3 521(a)(3), 30 U.S.C. 5 1271(a)(3) 
(1976 ed., Supp. Ill). If the violation is not 
abated wiihin the prescribed period, the Secre- 
tary must immediately order total or partial 
cessation of the offending mining operation. 

. 
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X mine operator aggrieved by an immedi- 
a t e  cessation order issued under 5 521(a)(2) 
or hy a cessation order issued after a notice 
of violation and expiration of an abatement 
period under 5 521(a)(3) may immediately 
request temporary relief from the Secre- 
tary, and the Secretary must respond to the 
request witbin five days of its receipt. 
5 525(c), 30 U.S.C. 5 1275 (1976 ed., Supp. 
111). Section 526(c) of the Act, 30 U.S.C. 
§ 1276(c) (1976 ed., Supp. III), authorizes 
judicial review of a decision by the Secre-. 
tary denying temporary relief. In addition, 
cessation orders are subject to informal ad- 
ministrative review under § 521(a)(5), and 
formal administrative review, including an 
adjudicatory hearing, under 5 5Z(b), 30 

1275(b) (1976 ed., Sup@II)PZ The 
Secretary's decision in the formal review 
proceeding is subject to judicial review pur- 
suant to § 526(a)(2), 30 U.S.C. § 1276(a)(2) 
(1976 ed., Supp. 111). 

The District Court held that 5 521(a)(2)'s 
authorization of immediate cessation orders 
violates the Fifth Amendment because the 
statute does not provide sufficiently objec- 
tive criteria for summary administrative ac- 
tion. In this regard, the court relied on its 
finding that OSM inspectors had issued 
against a particular company three immedi- 
ate cessation orders which ,were later over- 
turned on appeal, and that the company 
involved had suffered significant losses. 
The court enjoined the Secretary from issu- 
ing any immediate cessation orders ''until 
such time as Congress makes provisions to 
correct the use of subjective criteria by 
OSM inspectors." 483 F.Supp., a t  448.Q3 In 
addition, the court ruled that even if the 
Act is amended. to correct this problem, the 
5-day response period prescribed by the Act 
does not meet the requirements of due proc- 
ess. Instead, the court held that the Secre- 

42. Under 5 521(a)(5), 30 U.S.C. 5 127i(a)(5) 
(1976 ed., Supp. 111). cessation orders automati- 
cally expire after 30 days, "unIess a public 
hearing is held at the site or within such rea- 
sonable proximity to the site that any viewings 
of the site can'brcunducted during the course 
of the public hearing." 

-!.Eg9 U.S.C. 

tary must respond within 24 hours to a 
mine operator's request for temporary re- 
lief from an immediate cessation order. 
We find both aspects of the.District Court's 
reasoning unpersuasive. . .-i 

[12] 0ur.cases have indicated that due 
process OrditIdnly requires. an opportunity 
for "some kind of hearing" prior to the 
deprivation of a significant property inter. 
est. See Parratt v. Taylor, 451 U.S. 5?7, 
540, 101 S.Ct. 1908, 1915, 68 L.Ed.2d 4 3  
(1981); Boddie v. Connecticut, 401 US. 3i1, 
379,91 S.Ct. 780, 786, 28 L.Ed.2d 113 (19i1)- 
The Court has often acknowkdged, how-A+ - L a ,  - 
ever, that  summary administrative action 
may be justified in emergency situations. 
See, e. g., Calero-Toledo v. Pearson Yacht ...~ ' . 
Leasing Co., 416 U.S. 663, 677-680, 94 S.Ct~ -. ;'. 

Boddie v. Connecticut, supra, 401 US., at, 
378-379,91 S.Ct., at 786; Ewing v. Mytfbg-.. - .  

i e r  & Casselberry, Inc., 339 US. 594, 59% '.. 
600,' 70 S.Ct. 870, 872-873, 94 L.Ed. 1083 -.'; 
(1950); Fahey v. Mallonee, 332 U S  245,t '.:. :- . .  . ' 

253-254, 67 S.Ct. 1552, 1555-1556, 91 L.&X~:;',:- 
2030 (1947); Yakus v. United States, 32l. - '..l . ~ ,  -'- 

LEd. 834 (194); Bowles v. Willingbm, 
321 U.S. 503,519-520, 64 S.Ct, 641,649414 
88L.m. 892 (1944); Phillips v. Commissioc- #.'-' 

er, 283 U.S..589, 595-599, 51 S.Ct. 608, 611-' ? - ' ,  ' 
612, 75 L.Ed. 1289 (1931); North American . ":'; ' 
Cold Storag-e Co. v. Chicago, 211 U.S. 306, -.s,- . 
315-321,29 S.Ct. 101,104-106,53 L.Ed. 195 . 

(1908). The question then, is whether the . , 
issuance of immediate cessation orders un-- 
der 52l(a) falls under this emergent?' 
situation exception to the normal rule that . . . 
due process requires a hearing prior to dep :. 

rivation of a property right. 
that it does. , 

visions reflect Congress' concern about the ' .  7. ,:, 
43. The District Court's January 21, 1980. S U P .  

plemental order and opinion, see n. 13. S U P a  I I 
explained that its injunction did not apply to ' - 
immediate cessation orders issued pursuant 10 .',,,'- 
5 521(a)(3) against mine operators who had 
failed to abate violations within the time Pendt 
specified in the notice of violation. J.s-"p' 
2a-3a. - 

I. 

2080, 208%-2090, 40 L.Ed.2d 452 (1973);. ; _. 
-' 

U.S. 414,442-443, 64 S.Q. 660, 67W76, 83 ,  :,: 

. 

. 

We believe .:'.-; 
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:$: :rr.nstating damage that may result from jective criteria govcrning the issuance of 
‘.+i :&:.,il,ing disnsterj.” They represent an at- summary cessation orders. We disagree, 
~2;; :,:Itpi to reach an accommodation between In our judgment, the criteria established by 
3: )&timate desire of mining companies the Act and the Secretary$ implementing 

Ill heard before submitting to adminis- regulations are specific enough to control 
YrJiiie regulation and the governmental in- governmental action and reduce .the risk o€ 
:erl’jt in protecting the public health and erroneous deprivation. Section 701(8) of 
+-icty and the environment from imminent the Act, 30 U.S.C. § 1291(8) (1976 ed., Supp. 
dLngu. Protection of the health and safe- III), defines the threat of “imminent dan- 
i;’ of the public is a paramount governme1l- ger to. the health and safety of the public” 
CJi interest which justifies summary a h i n -  as the existence of a condition or practice 
Istrative action. Indeed, deprivation of which 

?&fety is “[olne of the oldest examples” of 
p;”.missible summary action. Erving V. My- 
ljoger &. Casselberry, Inc., supra, 359 U.S., 
3t 599, 70 S.Ct., a t  872. See 3i‘ackey 

I.,, rd fon t rym,  4.13 U.S. 1, 17-15, 99 S.Ct. 
?cy., 2620-2621, 61 L.Ed.2d 321 (1979); id,, 

HODEL v. VIRGINIA SURFACE B I N  & RECL4N. ASS” 8 ~ j z  C.S. 302 Cllaar IOlS.Cl.2352 (1981) 

!lroi’”‘ty to protect the public and ”[r]easonably be expected to cause sub- 
stantial physical harm to persons outside 
the permit ar$a before such condition, 
practice, or violation can he abated. A 
reasonable expectation of death or serious 
injury before abatement if a 12- 

2: “, 1, 25, 99 S.Ct., at 2622, n. 1, 26% 
,S:cwart, J., dissenting); North ~~~~i~~~ 
cold storage cO. *-. Chicago, supra, 211 
c,s., at 31j-316, 29 S.Ct,, at 104. i\.lore- 

tional person, subjected to the same con- 
ditions or practices giving rise to the. per- 
il, w.ould not expose himself 01 herself to 
the danger during the time necessary for  

over, the administrative action provided 
through immediate cessation orders re- df anything, these standards are more spe-&z 
rponds to situations in which swift action is cific than the criteria in other statutes au- 
nccessvry t o  protect the public health and thorizing summary administrative action 
safety. This is precisely the type of emer- that  have been upheld against due process 
gency situation in which this Court has challenges. See, e. g., Erving v. Mytinger & 
b u n d  summary administrative action Ca,&be?ry, Inc., supra, 339 US., at 595- 
i i id. See Erving v. Mytinger Casselbw- 5g6,70 S.ct., a t  871 (“ ‘dangerous to health 
ry, lnc., supra; North American Cold Stor- or would be in a material respect mis- 
axe Co. v, Chicago, supra. leading to the injury or damage of the 

Eather than taking issue with any of purchaser or consumer””); Fahey v. Malfc- 
:hese principles, .the District Court held that nee, supra, 332 U.S., at 2jg-251, n. I, 67 
the Act does not establish sufficiently ob- S.Ct., at 1554, n. 1 (“is unsafe or unfit to 
44. The legislative history of 5 521(a)(2) indi- “(a) An environmental harm is any adverse’ 

cates that Congress viewed the Secretary’s impact on land, air, or water resources, which 
Power to issue immediate cessation orders as resources include. but are not limited to. plant 
critical. and that the measure was primarily and animal life, 
intended to avert the possible occurrence of “(b) An environmental harm is imminent, if a 
Such disasws as the Buffalo Creek flood. See. condition, practice, or violation exists which- 
H.R.Rep.No.95-218, PP. 129-130 0977): S.ReP. (1) Is causing such harm, or, (2) May reeson. 
MO.95-128. pp. 9591  (1977). The Buffalo ably be expected to cause such harm at  any 
Creek tlood was caused by the sudden COllaPSe time before the end of the reasonable abate- 
Of a coal mine waste impoundment darn in 1972 ment time that would be set under Section 

abatement.” 

G. Tha.Seeretary’s regulations define “a signifi- 
cunt. imminent environmental h a m ”  in  the foi- 
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manage a Federal savings and loan associa- 
tion” or “[ils in imminent danger of hecom- 
ing impaired”); Air East, Inc. v. National 
Transportation Safety Board, 512 FSd  1227, 
1232 (CA3) (“‘emergency requiring immedi- 
ate action . . . in respect to  air safety in 
commerce’ !’), cert. denied, 423 US. 863, .96 
S.Ct. 122, 46 L.Ed.2d 92 (1975). 

The fact that OSH inspectors have issued 
immediate cessation orders that  were later 
overturned on administrative appeal does 
not undermine the adequacy of the Act’s 
criteria hut instead demonstrates the effica- 
cy of the. review procedures. The relevant 
inquiry is not whether a cessation order 
should have heen issued in a particular cas%. 
but whether t6e statutory procedure itself 
is incapable of affording due process. Ya- 
kus v, United States, 321 US., a t  434-435, 
64 S.Ct., at 671-672. The possibility of 
administrative error inheres in any regula- 
tory program; statutory programs autho- 
rizing emergency administrative action pri- 
or to  a hearing are no exception?6 As we 

&Q3&xplained in Ewfrig v. Mytinger & Cassel- 
berv, Inc,, 339 US., at 599,70 S.Ct., at 872 

“Discretion of any official action may he 
abused. Yet it is not a requirement of 
due process that there he judicial inquiry 
before discretion can be exercised. I t  is 
sufficient, where only property rights are 
concerned, thAt there is at some stage an 
opportunity for a hearing and a judicial 
determination.” 

Here, mine operators are  afforded prompt 
and adequate postdeprivation administra- 
tive hearings and an opportunity for judi- 
cial review. We are satisfied that the Act’s 
immediate cessation order provisions com- 
port with the requirements of due process. 

We also conclude that the District Court 
erred in reducing the statutorily prescribed 

46. A different case might be presented if a 
pattern of abuse and arbitrary action were dis- 
cernible from review of an agency’s administra- 
tion of a summary procedure. Although the 
District Court sought to characterize the 
OSWs record in issuing cessation orders in 
these terns, a showing that three cessation 
orders were overturned on administrative a p  
peal is far From sufficient to estabiish a pattern 
of abuse and arbitrary action. 

Dum REPORTER 452 U.S. 302 

time period for the Secretary’s response to 
requests for temporary relief. In  the fint 
place, the $day period is a statutory maxt.,.,. i,~~ 

mum and there is no indication in the re-. 
urd that.the Secretary has not responded or 
will not respond in~ le s s  than .five d a p  
Second, appellees have not demonstrated 
that they have been adversely affected by . 
the 5day rFponse period in a particular 
case or that it is generally unreasonable :. , 
In  addition, no evidence was introduced .. . , 

.show that a shorter reply period.is admink . , 
tratively feasible, In .these circumstances, 
there simply is no basis for the Dist& 
Court’s decision to  suhstitute a judicial poli- 
cy preference for the scheme adopted.bp 
Congress. Cf. Vermont Yankee Nuclear 
C o p  v. iVatui-a? Resources Defense Council; i-2 
Inc., 435 US. 519, 98 S.Ct. 1157, 55 L.Ed2d ;:: 
460 (1978). Accordingly, we turn to the. -$--. 
District Court’s holding tha t  other sections .....- ’.. 
of the Act violate the Fifth Amendment’s L‘ 

Due Process Clause. 

.,--. , 

’. 

, . 

B’ 
[14) The District Court ruled that‘ ic l  

Act’s civil penalty provisions do not corn;.- 
port with the requirements of 
Under these provisions, the S 
notify the recipient of a noti 
or a cessation order of the p 
of any civil penalty that i 
against it. § 518(c), 30 
(1976 ed., Supp. 111). Sect 
states that, if the operat 
test. either the amount of 
fact of the violation,” it must “forward the .--*I 
proposed-amount to the Secretary for place-. 
ment in an escrow account.”47 Once the: 
escrow requirement is met, the operator 
receives a full adjudicatory hearing hefare-. 
an administrative law judge, with a right of 

47. However, no penalties are finally imp&. 
until the alleged offender has heen provided an 
opportunity for a public hearing. Section”. 
518(b) provides: ”A civil penalty shall be 
sessed by the secretary only after the peso* 
charged with B violation . . . has been given a% :“ i. ’ ~ 

opportunity for a public hearing.” 30 U.Lc.-’’ - ’ ’ 

g 1268(b) (1976 ed.. Supp. 111). 
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HODEL v. VIRGINIA SURFACE MLN. & RECWX. ASS” 
Cileas 101 S.Ct.235’2 (1981) 

nppea\ t o  an administrative board and judi- I agree largely with what Justice REH9- 
2;a] review of the final decision. See 30 QUIST has said ahout the “fictions” con- 
v,S,C. § 1276(a)(2) (1976 ed., SuPP. 111). I f ,  cerning delegation, and the gradual case- 
;?fter administrative or judicial review, it is by-case of the reach of the corn- 
determined that no violation occurred or merce clause. 
rh:,t the amount of the proposed penally 
ihould be reduced, the I agree fully with his view that we often 
must be to the seem to forget the doctrine that la65 enact- 
i v i tb  interest. 30 U.S.C. 5 1268(c) (1976 ed., ed bY ConIPss under the Commerce Clause 

must be based on a substantial effect on 

In challenging the A ~ ~ , ~  civil penalty pro- interstate commerce. However, I join the 
rijiOnS appellees did not allege that they, or Court’s opinions in these eases an3 in 90. 
~ , ~ s  one of them, have civil penalties 80-231 because in them the Court acknowl- 
=sessed against them. Moreover, the Dis- edges and reaffirms that .doctrine. See, e. 
pjct Court did not find, as i t  did in ruling g., ante, at 2362. 
on the immediate cessation order provisions, 
.that any of appellee cod mine operators  ti^^ POWELL,, concurring. 
have been affected or harmed by any of the 
statutorypmcedures for the assessment and The Surface 9Iining - Act mandates an es- 

of fines. Thus, the record in traordinarily ‘intrusive program of federal 
these c ses  belies any suggestion that there regulation and control of land use and land 
i s  B concrete case or controversy concerning reclamation, activities normally left to state 
the operation of these provisions. In these and local governments. But the decisions 
circumstances, we must conclude ‘that ap- of ths Court over many years make clear 
pellees’ challenge is premature, and that it that, under the Commerce Clause, Congress 
ivas improper for the court below to  render has the power to enact this legislation. 

The Act could affect seriously the owners a decision on this .claim. 
and lessees of the rand and coal in the seven , 
westernmost counties of Virginia. The VI. 

Federal Government is required by the Our examination of appeDees’ constjtu- 
Fifth Amendment to pay just compensatioh tionat challenges t o  the Surface Mining Act 

”5 persuades us that the Act is notLvnlnerable for any “taking” of privatelproperty fordas  
to their pre-enforcement challenge. Ac- public use.’ See San Diego Gas 63 Electric cordingly, we a f f m  the judgment of the 

~ 

District ‘Court upholding the agajnst CO. V. city O f  Sari Diego, 650 U.S. 621,654, 

appellees’ Commerce Clause attack (No. 79- 
1596), and we reverse the j u d m e n t  below 
insofar as it held various provisions of the 
Act  Unconstitutional (No. 79-1538). The 
cases are remanded to  the District Court 
with instructions to dissolve the injunction 
issued against the Secretary, and for fur- 
ther proceedings consistent with this opin- 

101 S.CL 1287, 130% 67 L.Ed.2d 551 (1981) 
( B R E m A N ,  J., dissenting)? But whether 
there has been such a “talting” and, if SG, 

the amount of just compensation, are ques. 
tions to be decided in specific cases. A&s 
v. Tiburon, 447 U.S. 255,260, 100 S.Ct. 2138, 
2141, 65 L.Ed.2d 106 (1980); Kaiser Aetna 
v. United States, M U S .  164,175,100 S.CI. 
‘383, 390, 62 L,Ed.2d 332 (1919). I agree 
with the Court, therefore, that.it is ,erema. 
.ture to consider in these cases questions 
under the Compensation Clause. Ante, at 

2. The “taking” question considered by Justice 
BRENNAN and the three Justices who joined 
him was not reached by a majority of the 
court. . 

’ 

’ 

TRE CHIEF JUSTICE, concurring. 

‘. We assume. of course, that Congress weighed 
‘his Probable cost against the desirable envi- 
r’nmental goals of the Act. , 
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2369-2371. Appellees have identified no In sum, if the Act is implemented broadly ESS guarantee: 
specific property that is alleged to have (3) the Act did 
been taken. The Court's decision thus is al takine of I 

in accordaocc with its terms, the come- 
uuences to individual lessees'and owners. 

confined to a holding that the Act in this 
respect is not facial@ unconstitutional. 
Ante, a t  %371, n. 40. . The "taking" issue 
remains available to, and may be litigated 
by, any owner or lessee whose property 
interest is adversely affected by the en- 
forcement of the Act? 

I add a word about the area of Virginia 
that Will he affected by this Act, as its 
location, topography, and geology are high- 
ly relevankt0 an understanding of the "tak- 
ing" question. Bituminous coal, Virginia's 
most valuable natural resource? is found in 
a region marked by steep mountain slopes, 
sharp ridges, massive outcrops of rock, and 
narrow valleys-conditions that severely 
limit alternative uses oE the land. Because 
of thin soil and rugged terrain, the land in 
its natural state is not suited for-agricultur- 
a1 use or the growing of merchantable tim- 

4 0 7  ber. Its value lies, in most instances&olely 
in its coal. Mining the coal is a major 
industrial activity in an  otherwise impover- 
ished area of Virginia? 

A number of the Act's provisions appear 
to have heen written with little comprehen- 
sion of its potential effect on this rugged 
area. For exampie, the requirement in 
§ 515(d) that steep-slope areas be restored 
approximately to their original contours 
seems particularly unrealistic. As the Dis- 
trict Court found, 95% of the strippable coal 
lands in Virginia are located on.slopes in 
excess of 20 degrees. 483 FSupp. 425, 434 
(1980). The cost of restoration in some 
situations could exceed substantially the 
value of the coal. In any event restoring 
.steep mountain slopes ofien would diminish 
rather than increase the land's worth. 

3. In Agiw 447 US., a t  260, 100 S.Ct.. at 2141. 
w e  observed that the "determination that 
government action constitutes a taking is. in 
essence, a determination that the public at 

and to the area as a whole, could be far: 
reaching. But adjudication of claims aris- 
ing from such implementation is fur the 
future. I agree with the Court that we 
cannot say that the Act is facially invalid, 
and I therefore join its opinion. 

452 US. 314, 69 L.Ed.2d 40 

Donald Paul HODEL, Acting Secretary 
of the Interior, et al., Appellants, 
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Action was brought challenging the 

provisions and certain general provisions of 
the Surface Mining and Reclamation Con- -' 

trol Act of 1977. The United States Dis- 
trict Court for the Southern District of 
.Indiana, 501 FSupp. 452, sstained each of 
the constitutional challenges and perma- 
nently enjoined enforcement of the chal- 
lenged provisions. Secretary of the Interiar 
,appealed. The Supreme Court, Justice 
Marshall, held that: (1) the provisions in 
question did not violate the commerce 
clause or the Tenth Amendment; (2) the I 

approximate original contour provisions did 
not violate the equal protection or due prw- 

4. The District Court found that the mining of 
coal is a $2 billion per year industly in the 
Commonweairh. 

constitutionality of the "prime farmland" 

large, rather than a single owner, must bear the 
burden of an exercise of state power in the 
public interest." 

5. It is said, perhaps frivolously now, that boot- 
legging wat; the second most remmerative ac- 
tivity in that part of the State. 

challengf to t i  
the Act was 
operators bad 
ever assessed c 
the skatutorF p 
erer  applied to 
injury. 

Reversed ai 
For Chief 

concurring state 
For Justice 

ion concurring 
S.Ct. 2389. 
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2. Commerce - 
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unkin, Thomas A. Reed and 

In recent years ye  have &en major advances in the 
ound water sampling instru- 
ry case inwlving increases in 

re orders of magnitude. Software 
ility-brings us the.capability of 

ed m$thematical and statistical 
em a&alytical chemistryroutinely 
s of metals, organics and radioac- 

tive elements ;iccurate in the parts per billion range. 
The construction of sample points rarely supports 

these levels of precision. The well is the basic sampling 
machine foptheground water industry and itsabilityto 

a truly representative sample underpins all 
and conclusions. Regardless of the type of instru- 

employed. a sample point that cannot be 
shown tobe trulyrepresentativeand that fails toprovide 

s a series of reliable samples over the long term-let us 
~3 say 25 years minimum-is a negative investment, 

[n the authors’ professional sampling work, it has 2 
been observed that, wherever it is possible to improlie ‘! the quality of the ground water sample point, a reduc- 

:$ ’ tion in the measured level of pollutant elements in the 3 sample is found and the confidence level improves. 
‘3 Volatile organic values. are the sole exception to this 

observed reduction in concentration. the reason being ‘1 that sample point and method improvements capture 
“i% the fuUy representative water sample, thus reducing 

volatile losses. 
It isnot possible toaddressail hydrogeologicenviron- 

ments and sampling methods in this review. Instead, 
features were selected that had been found to be 
important in commercial high-precision.waterquality 
sampling in Western U.S. environments. In this area, 
water movement is slow and little or no exchange of 
wateroccurs between wells and thesurrounding aquifer 4 . Wthout artificial stimulation. Water quality stabiliza- ‘3 . tion requires multiple casing volume evacuations in 
wells ranging to 1,000 feetdeep. High-volume pumping 

- or mechanized bailing is an. economic requirement. 
: Dedicated installations cannot supply the volume of 

water required for comprehensive analytical programs. 
It is the nature of these sources as well as practical 
mmendations for corrective action, that will be 

& ,  Anyattempted improvement inutilizationofdataby 
i; mathematical processing or statistical treatment will 1 ‘. he inadequate because: 

f 

‘t 

in this article. 

$.$ 
8 :  4 1  

m Samplings are infrequent and often accumulate 
at rates of only two or four sample suites per year. 
Seasonal mriations may obscure, evidenceofpassage of 
a low-intensity pollution front and some years may 
elapsebefore the truesituation becomesapparentfrom 
statistical analyses. Bysuch time. the problem pollutant 
may have escaped from the treatment area. 

Powefibiasesoccurdue tothefailureofthesample 
point to eliminate false contributions to thesmple  \’ 

from sources other than the n a t u d  environment ora-,--- 
pollution source. most frequently originatingin casing ’ 
materials and annular seal leakage. 

The Ground Water Instrumentation-Core 
Scrmple Connection 

Whenwe move ahead from the rneasurernentofiluc- 
tuation ingroundwater levels,which are measurements 
of quantity, into the field ofground waterqualityinves- 
tigation-it isapparentthatamuchrnoredetailedunder- 
standing of the aquifer is.necessary. In particular, pre- 
dictions of pollutant migration rates will beerroneous 
without knowledge ofboth the permeabilitymriations 
within the aquifer and thegeologiclhydrologiccontrols 
and minedogy involved.. 

The evolution of geophysical and geochemical field 
instrumentation in the mineral field teaches that a t  
somepointacore mustberetrievedand.ingeneral,.the 
sooner the better. Until the core is examined. instru- 
ment data is speculative. Only when detailed under- 
standing of the physical-chemical-mine~o~c~ char- 
acteristics obtained from such cores is gained can we 
accurately interpret the data from the black boxes that 
are later lowered into the wells,.or that develop from 
surface instrumentation. 

Figure 1 illustrates the advance ofan oxidizingleach- 
ate through a low-permeability, poorly consolidated. 
fluvial sandstone. 

It is possible to observe mat: 
The boundaries between rockpermeated byliquid 

pollutants and unaltered rock are very sharp and 
distinctive. The boundary behveen.altered and una- 
tered rock is characterized by a sharp change in 
permeability. 

Downhole instrumentation response will mW ~~ ~ 

with the location of the instrument within the forma- 
tion. Interpretation requires,knowledge of the position 
ofthe instrumentwith respect tointrusion boundaries: 
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I. &mnce of oxidizingleachde 

0 Small changes in instrument location nlll affect 
responses from: 

-Redox sensors, Eh and dissolved oxygen 
probes 

-pH probes 
-Water velocity detectors 
-Downhole geophysical sensors. 

Q Leachate flow velocities based upon drawdown 
tests will seriously underestimate the advancing posi- 
tionoftheleadingedgeofapollutantplumedue to local 
geological and structural controls. 

It seems clear that it is most important to conelate 
instrument responses with actual local subsurface 
conditions and that correlation demands sampling of 
undisturbed core or some other means of access to the 
subsurface. 

In the authors' experience. hollow core auger m- 
ples are a poor substitute for a true undisturbed core 
talcenwith amultiple-tubecore barrel usingadiamond 
bit and a controlled synthetic mud system (used also to 
demarcate oxidized zones from reduced zones). 

Rom the undisturbed core sample we can readily 
determine: 

0 Interstitial fluid chemical makeup, truly repre- 
sentativeoffluids movingthrough the formationat the 
pointofsampling.Ifcalledfor,analysescanberunevery 
foot ' 

a Verticalpermeabilityprofile fromwhich trueveloc- 
of leachate plumes can be estimated. 
e Volume of leachate present in the formation. 
0 Optimum locationofportsofrnultiple-poht sam- 

0 Optimum depths ofwell clusters or nests. 

a 
pie devices. 
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@ Oxidafioncapacity and bufferingcapabilityof the 
formation and interstitial tluids. 

Coring need not be expensive or slow. Provided that 
equipment and drill mud is carefully selected and spe- 
cificprocedures arefollowed. coringcan be fast andcore 
recovewkeptat nearlv IOOPercentin mostformations. 
IngenGal. ieasonabljkpaced two-cored holes, selection 
based on geological data.wil1 provideanaccumte bask 
for correlation of follow-up, low-cost own hole. instru- 
ment based, site investigation extenbing for seveml 
miles in each direction. 

Selection of Casing Material 
From the examination of many hundreds ofground 

water samples taken at quarterly intervals from a wide 
range of sources, the authors' experience clearly shows 
that pumped samples are more consistent in water 
qualitywhen cornparedwithbailed orgas lifted samples. 
Even inert gases used in gas-lift samples scrub pollu- 
tants from the sample-this is a standard chemical 
engineering technique-while volatile losses from open 
bailers are unacceptably high. 

Within the pumped sample group. those samples 
originating from sreel cased wclk &c readily singled 
out. nor onlv for the iron and allov metal levels. bur also . ~ .  
far the byphucts  of bacterial &o&h and corrosion. 
Data from these wells should not be used when evalu- 
ating water quality because the induced chemical 
reactions between the casing and water will introduce , sampling errors. PVC .or other plastic w i n g  may 
4 contaminate ground water with dissolved organicspe- 
/ ctes that can be detected only when samples are 

analysed for volatile organic priority pollutants (Sosebee 
1983: Curran and Tomson 19831. 

Wells open to more than one formation, orlackingin 
annular seds and open to surface or vadose zone runoff 
can be identified by the patterns of variation in on- 
stream pH, conductivity. turbidity and color. Gnly by 
continued moderate pumpingand selective completion 
techniques can 'a representative sample be obtained 
that can be duplicated at later samplings. Selection of 
the time ofsampling can onlybe reliablydetermined by 
instrument identification ofwaterqualitystabilization 
where a particular aquifer has been isolated. 

In-house investigations of the feasibility of using 
stainless steel or Teflon casing material in sensitive 
locations showed that both materials have serious 
dmvbacks in  lack ofbond strength to thc\iralevtenor 
\wll seal. Dvtailed irivesti2xion of theclasses ofstaiillcss 
steel and Teflon tubingkailable for well casing work 
aIso strongly suggests that both chemical stabilityand 
porosity are suspect 

The authors' search for superior casing materials 
led to theselection ofepo.xyfiberg1asscomposites (Table 
1) as being ofuniform composition, completely inert to 
critical volatile organics and of superior mechan- 
ical strength, while offeringasavings in cast. This com- 
posite material will alsoprovideamorereliableenviron- 
ment for subsurface instrument installations. 

~ 
~ ~ 

e Effect of leachate on formation mineralogy. 
Mobilization or precipitation effect of traveling 

leachate on trace metals in the formation. 
@ Ionexchangeactixltypotential ofvarioussections 

of the target formation, selecting test samples from 
each Ifthological division. 

Table 1 

Chemical integrity - zero volatile leaching 
The advantages of the composite material casing: 
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y indestructible, easy maintenance with 
Is 

proof installation, short rig time. low cost 
I * Available with custom screen slots 

No adapters, special fittings, welding. glues. or 
packers to complicate installation. Jointsare madewith 

acme threads. 
forcommercial ournus allowim?%videmm?e ~. - - 

of pumping rates 
* Does not become brittle at low temperatures 
* The casing is readilyslottedformultiplesampling 

intercepts without the complications of adding cou- 
plings or other pipe fittings. 

Thezero prioritypollutant leach-out ofthis material 
was demonstmted by laboratory leach tests on pulver- 
ized samples, following a test protacol proposed by the 
Colorado Department of Health, the Denver City and 
County Environmental Division, and Region 8 US. 
Environmental Protection Agency (EPA) representatives. 
Theanalyticalprocedurei conformedwith EPAMethods 
624 and 625. with detection limits taken below the 
requirementsoftheseprocedures.Theresult is acasing 
and integral slot material that isideal for criticalinstal- 
lationssuch as thoEcllsed forpollution plume tracing. 

Until recently, t!% trend has been to smaller wells. 
but we are now experiencing a strong reversal to the 
4-inch casing as properly owners have gained expe- 
rience.The installation cost ofa4-inch well. competently 
installed, isoftenless thansmallerdiameterwells, while 
the operating cost forsamplingthelargerwell isalways 
lower. The industrial client is interested in his cost per 
sample. as he is going to be around for some time and 
can understapd the difference between capital cost of 

nstruction and operating cost of sampling. 
.; w@ authors are frequentlycalled in to sample wells 

tha were originally installed as small diameter pie- 
zometers.It islogical toexpect that a highprop,ortion of 
piezometers will eventually be sampled because of 
placement in areas ofsuspected pollutant movement. I t  
is good economic Sense to.look ahead and to make all 
piezometers a minimum of 4-inch internal diameter, 
which provides the necessary versatility to handle any 
future instrumentation requirements [Tables 2 and 3). 

Table2 , 

Problems with wells of less than 4-inch LD.: 
0 Inherent restriction in functions 
* Access limited to small diameterprobes 

External packers and seals unreliable 
No commercial tools to fish for lost instruments 
Development and work-overs slow and costly 

0 Doglegssevere P 

High cost per sample 
* Ve y difficult to develop (remove mud. formation 

sediment, etc.). 

Table 3. 
The advantages of greater than 4-inch LD. casings: 

Acceptscomplete range of monitoring equipment 

Accessible to commercial work-over and mainte- 
and instrumentation 

nance equipment 
hysical strength. long life 
w cost per sample. 

Conclusions 
Withoutprecise knowledge ofthe formation,onecan 

onlyspeculate on formation conditions and correct posi- 
tioning of the instrumentation becomes unreliable, A 
cored hole is essentialiftoday’s instrumentsare toyield 
their full potential. 

If the sample point. i.e. monitor well. is not properly 
completed, sealed and cased, analflical resultsarecom- 
promised..Results arelikelyto beenaticand haveunac- 
ceptable variations in successive samplings. 

Small diameter wells were tried because they were 
thought tobecost-effective. Inretrospect,it isseen that 
costpersampleandsampleintegrityare the truecriteria 
for selecting well size and the.Pinch LD. composite 
casing is the choice of experience. 

Sosebee. Jack 1983. Contamination of ground water 
supplieswith PVC adhesives and PVC primers.Co10- 
rado Ground Water Association Newsletter, pp. 9-10. 

Curran. C.M. and M.B. Tomson. 1983. Leaching of trace 
organics intowater from five common plastics. Ground 
Water Monitoring Review, b. 3. no. 3, pp. 68-71. 
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This high expns ionkont rac t ion  rate & e n  qql ied  to Ctn volumes of pcduct that are 
&!wered, stored and d i s p e n d  at an average wrvicc ataiion can cover up an existing 
kak of falsely signal tPat m e  e r k s  in o tight mtern. Recent API spoilscrred 
temperature surveys have d r a m a t i d y  &own tbgtenpe.:atwe va:b?ions w n  end $0 
cccur. Althwgh GkngtS well h eXzss Of 10 f have &en wbstantk:ed, @yen 
V W ~ ~ ~ ~ O R S  of f e w  &grees f a r e n k i t  Saave n mtical;fe effec? u p n  the hvtnzory 
records at a service station. Foi e.xam;rk: 

If a 2G,000 gaIlgn p r  n o n t h  m t i o n  h d  its gasoline delivered ai 62°F but 
dispnsed it St 60 F, a monthly 24 gallon shrinkage would have occurred. 

Z0,atxr gallons e cwf. ei expansionPF 
12 gallons 

x 2 Fchange 
24 gallon change 



2. VAPORIZATION OF GASOLINE 

Gasoline is a volarile liquid, therefore, it  vaporizes or evaprates qui;e readily. ‘ A  
Sxanford RPse.arch institute survey f m d  that ”every transfer of gasoline 2rom one 
conrainer t o  another will &ow a &s 04 one b l f  PO ono prceni.” Although this 
figare seems abnormilly high, xime evaparaPion, no doilbr, d*s occut. 

Alrhough in some areas evaporatian has ‘been diminished ‘v i rh  the eliminarion of 
5pI.a~: deiiveries an? the use of vapor recovery p:ozedores, at many service stations 
evapra:ion d*s effect inventory recads- For example: 

f- 

Even if the e v a p a t i o n  a? a 20,OfXI gallon p - r  minth station were kept . to  1/10 of. 
I%, this would srill account for a monthly 1 0 ~ 3  of 20 g’allons. 

1 .  

2 0 . W  gallons - -- x :OOI evaporaiion loss 
20 gallons 

I 

. . . . . .. . .. . .. . 



' 3. CALLOX CALISRATlOh'S OF' SALE5 A N D  BEL1YERIES 0 -  
A. D~synsrr  corn?uTers by B'tjgRrs.nnd Mcasures slanda-ds must k ciliibrared t o  

wirhin a tole:anc* Of 7 cu. in. to  a S gallon test measure. These rompurcrs allou 
for %he %le of gaxlline to  c w u m e r s  in very p e c k  ga!lon mizsuremcnts. 
However, wh+n slighr calibrszim variance; are n u l ~ i ~ l j e d  by the r h o s a n d s  of 
gallons that ore sold monthly tat a wrvicc station, '  inventory control dis- 

, crepancies will =cur. For exam+: 

a- 

b 

If t.ix campl;trs rat a 20,DOOO gallw, p e r  mmth station werz within 50% of 
maximum toleranms established by Weigh% and .Measrires, il discrepancy of 65 
gallons woull occur 3-1 ah@ inwcntorp. records. 

231 cu. in. per  gallon 
I_ x 5 gallom 

1155 cu. in.15 gaIlon test rmasure 
! 

7 tu. In. W I M  WatMt iOrL 
1155 cu. in = .OR5 varialion 

. O O S S  .OR6 Vi lM maximum 
o5 I_ x .5  actual  variation ai example sTation 

------- . m 2 G  .Ot3 varianjon Zigure at  example station 

20,090 gallons per  monrh - 
x -003 
6 0 i  gallon per  month vxiat ion s23Q 
-. 

8. PioduCt dr!iveries to service stations by Weight and Measrries §tanda-ds musr be 
wirhin a -.0G22 volume' ~olerance.  For the reason mentioned in The previous 
exan?le,  inventory figures would, therefore, be somewhat Incorrect. For 
exa aplp: 

13 a 2G,09D gallon p2r  month station w e r e  Io receive dt!iveries which weie within 
50% of the  tolerances estabiished by Weights and Measures, a discrepancy of 22 
gallons would occur  in  t h e  inventory records. 

+ 

-0022 variarion 

,001 1 
- x .5 actual  variation in deliveries 

variation ai example station 

20,000 gallons @r month 
_._ x.001l variation at example station 

22 gallon p e r  monrh variation 



A. As underground tanks are cylindrical in shape, gallonage is difficult t o  determine 
when product heighr is m a r  thr center of The tank. Gasgr sticks cur ren t ly  in use 
can tx read t o  the a c p r a c y  of 1/8“. Since gilage slick readings will fluctuate 
slightly btcause of the angle of the  stick when dipped .into the tank, the 
condition of the Zank bottom and. gasoline creep, gagging’of the stick into ’ 

smaller increments. would mt increax accuracy. Thzrefore, the .gallonage 
represented by 1/8” is the possible error which will be recorzkd inta the 
inventory records .vhnwe. r  tsnks are stickrd. 

By wing the tartached calibreiion c b r B  and some simple calculations, it a n  bs 
ekicrmimd how many gallons a e  rrgrrscnted by each 1/gm b yariws size tanks. 
For. exampl e: 

T k  amount of gaIlbns rnrdcd t o  raisz %?e product k ~ d  in B 18,800 gallon 
tank from 47“ to.48” b 5.929 - 4,895 or .13k gdlons. B’kt-i 134 gallons’ii 
divided by 8 So skkserminr- -th amount sf gsllons r.epreaented by k / f & ”  the 
result if 16.7 gallons. h r e f w r ,  a possible 16.7 galJon err07 can =cur w k n  
a half dull 19,009. gallon ’LJrJc. ir, stick measured. ‘By wing. =me 
cakulat ion prccedure th ntick reading error f ~ a w  can be eZeterminPd for 
any prodvtt Jewel. 

Although the grea:est pssibility for error exists when a t m k  is half full, 
substanrial measuring erors will occur even when tanks are nkarly empty or’ full. 
For example: 

If a 10,OOG gallon tank contains any product amodnt k . iween~1,000 and ?,OW 
gallons, each I/$’’ hcremnt  will represent more ‘than 12 gallons. 

Even when tanks are of smaller capacities, the 1/8” measuring range amounts t o  
substahria! gallonages a i c a n  &.noted in the following examples: 

. .  . .  . 

8,009 gallon tank 

When 1/2 full - l/a”rep:escn?s 13 gakns 
B’hrn containing 1,000 - 7,000 gallons - 1/l3” represents more than 10 
gallons 

6,03C ~z!lon tank 

When 112 full - 1/8”represenTs 10 ga!lons 
When containing 1,aob - 5,UO galhn5 - 1/8” represe;lrs more than 8 $a!lons 

4,000 Rallon tank 

When 1/2 full - 1/8” represents 10 gallons 
When containing 750 4,250 gallons - I/$’’ represents more than 8 gallons 



HUKTER EhYiROUiEKTAL SERVICES, Ih’c. 
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8. VIRTUALLY, ALL T A M 5  ARE NOT CALTB2A’TED i 
Un6s:wrlteis La!matorirs r h s  not require tanks to  kx of an exaci capaci!} - - .a 
5% tolerance is allowed. Some capacity tolerance obvioujfy is ne:essary sc tha: 
consrructio?. costs remain within r e a ~ ~ n a b ! e  limirs. Guage charts use? whea 
sticking tanks, howver ,  n1l.are uniform - they  w e  mi calibrated.for indivicfdal 
tanks. Even when tanks are sew, an inherent stick meEsuring. error erlsrs. 

C. Y A N K  DIMEN510NS AND CAPAClTlES CHANGE ONCE INSTALLED AND 
CONTlNUE TO CHANGE WITH AGE 

Even ill a tank were calibratad and a cus?orn chart were made for it at the 
JacPory, tank dimensions wcwld change and  stick readings wouid Fx inaccurate 
after installation. 

Through tht years, lank configurations change from corrosion, sprtling and the 
differenrial pressures of backfill. Those compan>rs thal have calibrated their 
tanks b v e  found that recalibration, an expensive and oim-ccmurning pocess, 
mu3t k performed yearly S i c k  p e a d i i s  are t o  fX 3CCWTBOe. 

e 

D. TANKS DO MOT REMAIS PERF€.CTLY LEVEL QSCE IXSTALEED 

Some ~ ~ k s  are purposely installed with a f e w  ekgrei55 Of tilt Po faciIitJtc water 
rernovd. If tke fill arsa is k a i e d  at either end of 8 tilted t m k ,  at stick 
reading will ebviausly be hacwrate. 

Since many tanks are ZJ, w mwe fee% b~ hg’ th ,  praaically impossible t o  
install them prfcctly horizontal. Even if B tank is bStalfe?d BS Marly hrizontal 
as possible, same tilting will KCUT because Of wtl ing .  A tilt of less than 1” off 
horizontal will create significant stick reading errors xi was noted in the 
exercise where the amount of gdlons pr Ils” vas csfculatecf. 
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STATIOX STATISTICS , 
Average s e r v i c e  s t a t i o n  (Major Oil Company Wned) : 

Se1l.s : 1977 4 3 , 0 0 0  g a l l o n  per  month 
1 9 8 2  - 47,600 g a l l o n  per  month 

O i l  Jobber o r  Pe r sona l ly  WneZ: 

20 ,000  t o  40 ,000  g a l l o n  per  month 

6 , 0 0 0  g a l l o n s  per t a n k e r  l o a d  ( f o r  comparative understanding]  

Over 50% of l o c a t i o n s  a r e  owned by jobbers  and independents  

A major s u b s t a n t i a l  number do n o t  keep inv'entory r e c o r d s  -- 

A t  40 ,000  g a l l o n s  per s t a t i o n  p e r  month, t h e  fo l lowing  s h e e t  
d e t a i l s  t h a t  i f  a l l  f a c t o r s  were c o n t r i b u t i n g ,  2 290 g a l l a n  
p e r  month l e a k  cou ld  be t a k i n g  p l ace .  



, FUKTER Eh7'1ROh?,:.!Eh'TkL SERSICES,  INC. 
3 .  P a i e  9 

f ' CU?P!IILAT IVE ERROR FACTORS ASSOCIATED KITH IhXENTORY &LWAGEMENT 

Gallons 
0 

Error  

1. C o e f f i c i e n t  o f  Expansion 

2'F change pe r  month - 
40 ,000  g a l l o n s  0.00065 2oF = \q% )"= T o f A  P - -  

month O F  

4a\ x .0@6 X 7 I q 5 $  \%5B 
('\IFy- 1) 2. Vapor iza t ion  - 0.1% l e s s  

,370 40 - -  40,000 g a l l o n s  o.ool = 

month 

3.  C a l i b r a t i o n s  'of Sa le s  and Del iver ies '  

t.3 A. 0.3% V a r i a t i o n  i n  d i spense r s  
.- --. ..2"."\ 

- -  40,000 g a l l o n s  x J)/o-a' = ' ' < 32.6 ' ;  A:\ 
,A& dL./ 

month e 026 
/OY4*.l 

B. 0 . 1 1 %  V a r i a t i o n  i n  d e l i v e r i e s  
II 

bp 
40,000 g a l l o n s  o.ooll = - -  

month 

i P 5  
x.c"s 

4 .  S t i c k  Readings 
A.  l/%** accuracy;-% 000 g a l l o n  tank ~ 3% >630 

B. 5 %  c a l i b r a t i o n  t o l e r a n c e  ,- 5"1 d o  'i 

C .  Def lec t ion  wi th  age - -  1/8"  e r r o r  3% l o  
-ji. i o  D .  Unlevel i n s t a l l a t i o n  - -  l/S" e r r o r  - 

- -  mid tank 80 ga l lons / inch  x - 0 5  = \% 4) s05"' 

- 
TOTAL GALLONS PER MONTH 2 7 Y j a I  

TOTAL GALLONS PER YEAR 3 ,480  



. HUSTER ENVIRONMENTAL SERVICES,  INC 
Pake 1 0  

API SURVEY 1 9 7 9  

1 5 0 0  t a n k s  found leaking  by: 

2 9 . 7 %  Inventory Control  
3 5 . 9 %  Water i n  Tank 

13.2% Tank Tes t ing  
5 .8% Leak Detec tor  (wel l s ,  e tc . )  

5 . 9 %  Product in  Area 
9 . 4 %  Other 

I' 

The impl i ca t ions  o f  t h i s  survey would i n d i c a t e  t h a t  a d d i t i o n a l  
measures should be employed i f  good monitoring i s  t o  be expected, 
and t h e  f a c t  t h a t  approximately 20% were a f t e r  t h e  f a c t  f i nd ings  
l e a d s  one t o  f u r t h e r  ques t ion  inventory c o n t r o l  as t h e  s o l e  means 
of c o n t r o l l i n g  underground p o l l u t i o n .  

Reasons f o r  No t  Having Good Records 

Many s t a t i o n s  a r e  r e l u c t a n t  t o  keep good inventory  records .  Some 
reasonsnay  inc lude  t h e f t  o f  p roduct ,  d e a l e r s  purchasing from supp l i e r s  
o t h e r  than t h e i r  cont rac ted  s u p p l i e r s  and t h e f t  of money. Two 
a d d i t i o n a l  reasons  f o r  concern i s  mid-point volume s t i c k  readings  
which ha5 t h e  g r e a t e s t  margin of e r r o r ,  and u t i l i z i n g  inexperienced 
minimum wage employees t o  t a k e  inventory r ead ings  and record ings .  

7 5 %  a r e  independent  d e a l e r s  - -  i f  t h e  ma jo r  o i l  conpanies  loose 
ownership c o n t r o l  of t anks ,  they  loose  c o n t r o l  of  inventory  con t ro l ( s ) .  

Addi t iona l  F a c t o r s  

Most l e a k s  today are found by 3rd p a r t y  complaints :  

Temperature Var iab le  

I n  inventory  c o n t r o l ,  no compensation f o r  tempera ture  v a r i a t i o n  
is taken i n t o  cons ide ra t ion  for  product expansion o r  con t r ac t ion  
( C o e f f i c i e n t  of  expansion].  

Example: lg,DOO g a l l o n  tank 
1 F change i n  1 hour 
Produces: - 0 5  g a l l o n  leak  per  hour - o r  

roughly 500 ga l lons  p e r  y e a r  
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around-the United S m k ~  at an olarnb. 
in& riite. 

There ark nearly 5,OW YrVice sla. 
urn in Net! Jersey and lens 01 thou. 

I urnd.. more nahnwide. M u i ' h a v e  
! N r i e d  gasoline nwrtyje t n n h .  t ypb  , w l l y  bolding K,OOP gullon8 dtluct. 
I Many 01 them, alliciulv u r d ,  were  , bbllcd w l y  m j o r  suburban dcvel- 

opmtnt k g a n  throughout ule munlPy 
i b IbC hk lP503 and zns s l o t l O R I  

"It doern't l i k e  much uf a leak l o  
rontainimtu a lut or wuier," wid Mr. 
Schllfnian. "Leaking tanks a rc  fulrly 
common. but people don't r e a l m  It." 

"Itlght now we bdve 2011 working 
c a m  and a numtur ul t1 I01~'dnle 
Luck LO IY7U.  and wc krup geiliiig 
more arld more." wid Oruw Cumforl, 
of the Department of Environmenwl 
Protuction'a wmtc msnugemtnl divi- 
:- ~ 

I 

I 

t 

3 

e 

oprang up to aecommodiie new rent- 
f@nW. 

wm* 
"\'/e have lnadr of ltkaks hrrc;: 

'The life n! the unh nre a b u t  20 wid Andrew Y e m n  of !lie New 

noncorrozive fiborglasu tan%$, xi id 
Jer ry  Schanke of the Aincrican 1% 
tralcurn lnstitutc in Wauhin,$lon, an 
indwtry group. 

Stare AsKmblynian Huyinond 1 ~ s -  
niak. mid he p l a y  t o ~ i t r n d u c e  ICEIS; 
leliun in the fall IiIJnddlin 1 XWnlic 

- i i i i T i o m i T  r * k  

nrc S U p l ~ o  u l d  such inslxe. 
tiom might h n v t  rnved her mottier's 
bir, 
Mn. Slaplw mld  that altrr hcr 8- 

yenr-old daughter heyan vomiting ul. -. most daily, She realized !he conlami- 
nntion h d  1111 her home-acros  an 
lnknac t ion  f r o m  the gas Yution. 

kin. Sraples and her huuband a re  
paying St00 monthly to rent R second 
h o u w  OR tup  of the $ N O  monthly 
rnongage on their firsi hume. hlrs. 
Dungiovanni I r v u  above lke bar, but 
she can't a f ford  elcctricily or hen1 
now that her incunie lrurn h a  bar ia. 
gone. 

The  women have filed an $8 mil. 
lion darnage suit agnlmt E w o n ,  
which o w b  h a  Lenhu, The company 
ofiered IO ainh 4 new well and run 
rurlirce l inw !O  the inn, but.tlid 
m refused. rayiiiy they wuuld w a l l  

The gnu YtaLiun uwncr, Andrew p6- 
Iowy, Sr., said Ernun relined the 
t u i i l a  with Irtwryliisa alter Ibe Irrk, 
''lips not my repmtiibrli ty thcy W P I .  
Mi to leak;' he sn id .  "Euron OivnY t f y  
h n k s .  We're sorry Ihal i t  hiippened. 

Jack McLktnr!cll. iin Exrun t w k t . 9 -  
man, ai? Iiu wuld  m i l  c u ~ l ~ l i i e # ~ l  011 

&=&-. ~ - r  -.-.---, - 

, lur B court setllciiiuiit 

1111' 13wsllll 

i I 
I 

.. 
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SPECIFIC YIELD-GOMPILATION OF SPECIFIC YIELDS 
POR VARIOUS MATERlhLS 



"' .! 
. P ." 

.i,# 
:..?;$ . , ' E !  

d compilation of specific yields representaLive of a variety of hquifer '; (r 
mritoiials. The data presented here xere compiled from published re- !: 
ports 7vhich have presented specific yields in relat.ion to tlie texture 3f;; 
of rock and soil materials. No attempt is made to evaluate the specific- : 1 .t"C 
$eid data, but a table summarizes the published values.for tho con- .. . . 

-!. J.i kenienm of thb reader. 
'Not ail sp:@-34iolcls from all published reports are fisted &this .. ':.:i; 

.lit; However, this report CIOW present a reprwitati?b crdss sec- , I '?,! 
..ii of the publications noted as a result 'bf raCher'l&hy library . " ':: 

Di 'd 
.,.:,,-{ ' . 

wDROL-6QIC PROPERTIZS OF DARTE MATERIALG. . .  

. .  " , 
%, 

r: .,% 

\ .  

.:osearch. Along 4 t h  pertinent tables or illustrations of &<a on spe- 
cific yield, kliose pnvts of tho test ctajoribing opociiil mo~~iodo~ogy or  
the lirnika6ons of the data aro quoted directly from each publication. 
Also prosonkd are briif dcscriptinns of a11 Inhoratory and ficld mcth- 
.yts for dctermining spccific yield and specific retention, to ass& the 
.Yadcr & understanding the data compiled hcrein. . . -+ . 
.: This rcport was prcparcd as a pari of the specific-yield research 
skudies madc by the U.S. Geological Survey in cooperation with the 
California Department of Wnter Resources. The research testing was 
done at  the Hydrologic Laboratory of  the U.S. Gcclogical Survey at  
Denver, Colo. The project N ~ S  under the general supervision of Fred 
Ihnkei, then district geologist of the Ground Water Branch of tho 
Snrvcy, Sncramcnto, CaIif., nnd mas under the dircct supcrvision of 
A. I. Johnson, chief of tho I-Iydrologic .Llmratmy. 

DEPE~ITION OF FERNS 

Most rork cr soil mntcrials contain interstices, or void spaccs. Tho 
spaco commonly is described quantitntively by a property known as 
porosity. Porosity is defined tho American Society for Tcsting and 
Matorials (1DF1) as h e  ratio,iisually expressed as a porcentagc, of the 
volume of voids of a given so% mass to the total volume of the soil 
mass. For all prackical purposes, ground water fills all void spaces 
in the saturated zone. From the previous definition, therefor,?, it fol- 
lows that porosity is a nieasuro of the  qnnntity of water conhind por 

?* .: Not nil water contnincd in the saturated zone can be removed from 
the rock or soil by drainage or by pumping wells. Grs,vity ground 
muter is that part of the mater that will .drain by gravity and thus be 
available to ~vells. That part of the water retaincd by molecular aud 
surface tension forces in the void spaces of the rock and wil materials 
usually is known as retrrined mater. Thc water-yielding cnpacity and 
irator-ret.aining capacity of rock or soil materids are lolorn as specific 
yield and specific retontion. The specific yicld phs tlie specific rsten- 
tion of a rock or soil is q u a l  to the porosity of the rock or soil. 

. . ,  I _  
. .  

. ,unit volume (Todd, 19%). . . 24. # 

.. 
' .  

a 
'. . Illieinzor (19255, p. 28) dofined the specific yield (w") of a rock or J 

soil, k t h  respect to mator, as the ratio of the volume of muter that '.! 
1 ', d l  drain by gravity fi.0111 a oaturatcd rock to tho total vol.umo of tho 

' 

7. . ,,i: ::-,7. - '  . $, mck, This ratio usnally is expr&ed as a paxentagi. 1 * &.. '.' 3 :', 5 

Because spccific yield reprffienk the void S ~ U C Q  tlint i~ill yield v a h r  'I fG'. 2 
to wells and is effective in fmnishing wat6r Supplies, it iS also h 0 ~  -2.. - .  

. "  ' 
. %  

, . .  
! 

, 
' .. ILS effecl5ve' porosity. €Iom6var,, becnuss of the possiblo confusion kith - ' I  

similur terms with slightly cIiffere11t meanin@ usctl by soil scientists ' . 
(who allso omsionally call it 'boncapilla~y porosity") and by petro- 
leum geologists,, the term 'Lspecific yield" is preforred by tho author 
imd i s  uscd in ths mport oxclusively. 

The specidc retention ( w e )  of a rock or soil, \vi& respcck ,!O rPCtter, 
has been defined by Dleinzer (1923a, p. 28) as tho Y&O tliut mill bo 
rctained against grnvity drainage from a saturated ro& to tho total 
volume of the rock. It usually is oxpressed as a percentage. Soil sc.i- 
entists and ongincers uso a similar measure called LL\rater-holding 
capacity," but it is expressed 2s a percentage of the diy woighk rather 
than of the volunie. Water-holding cnpacity is defined (Ami ,SOL Test- 
ing ~3fabrials, 1961, p. 1418) as "the smallest value to which the water 
contont of a soil cnn bo reduced by gravity drainage." ITne n-ater- 
holding ciipacity can be converted to specific retention by fiiultiplying 
by the dry unit weight of tine rock or soil and thcn dividing by the 
unit weight of the water. 

: 
L 

. 
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SOME FACTORS RFFECTIXG BPECIFIC YIELD 

bteinior (1923b, p. 52) indicattd that the distinct.ion between grav- 
ity water m d  retnind water is not d&ni?ve, bemuse tho qunritity 
of wzter that +ill drain fi-om a rock or soil nntcrial depends on Gie 
length of time the rock or soil is allo\vcd to dkain, on the temperature 
and thc.mincral composition of the mater-both of vhich nEect its 
SUI~ECQ tension, viscosity, and specific gravity-and on various physi- 
cal chaimterist.ics of the rock or soil under considemtion. €IC noted 
(19238, p. 29), for example, that a smaller proportion of water \ d l  
drain from a short. sample than from a long saniplo of the same nmte- 
rial bemuse a larger proportion of thc short sample \rill rema& sat- 

Qc34.32 0--07-2 
. ~ . __ 
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i' thes~inaterialsusually are n-orthless as aquifers. 
The eEect of duration of drainnge upon spccifc yield hns been noted 1 by a number of hydrologists. 3Ieinzer (l923b, p. ti5) stated that most 

niensurcmcnt and control of variables in field tests is difficult and mnuy 
estiniates lack accuracy. 

Tolnian (1937, p. 482) noted that "pcrhaps the grealcst difficuky in 
thc application of quantitative mctliods lies in the vnriability in the 

t~ io  pchiping period ~rijaIcI hnve incrensert tii &out, ~ ~ ' $ i c b i r t  6y Le. 
enci,?f the secofid yonr of pumping and pro~iatly i-iould Iinvc roaclicd' 
ti16 true vuIL;e of 2 t  percent soinctiino during t11e third year of pump- 
ing. .A report by Prill, tJolii~son, iind Morris (1005, 11. 51) presents 
jhtr~l'iit~r~ir~o,infor~nlio*~.on the plieno~~~c~tort of timo-of-drairisge of- . i .. . I fc+.@ on Ypecifio yi&, as dcterniincd by laboratory~drninagq of lo&, . s, 

I %ldmts o f  ma6rin.l. These authors concluded th&.qv&ifor sand-size ._ 
nabrinls, a period oE 2 months to more thnn 1 yenr$ould.bs rqttired 
I 

6 

LABORATORY XIETEO& 

8.5MPLl3 SA'I'DFL~TION AhV3 IsxnINAGE 

l 'he method of simple snt,urntion and drainage consists 01 draining 
columns of saturated mnterials by grnvity and determining both tiic 
volumo of material drained and the VOhIme of mater yiclded. The.vol- 
unie of water yielded can be measured diiwtly or a n  be compulcd 
from the porosity and tlie moistnro content aftor draining, but the - -  - ._ 



, . .  . . .- .. ---*. .. 
, ... 

. .  

'iolumns must be'lmg enough to av$d having an undue percentage of 
the column occupie,d by the capillary fringo. Meillzer (1932, p, 114) 
poititcd out, khnt cnie must4 ho tniron to prewit loss by evnporation nnd 
thtib the tests must bo made a t  n uniform lempcrnturc or corrections 

Ithe pstticlo size dccre?& IIe found tbttt the pcrcentnge 0.E. water re- 
' tninqd by the  fine innterials m s  prenter in thc lower part of tile bed 
1 than in I.hc upper part. 110 explained this by stating that the height 
'.to ndiicli capillary attraction was c.ffwtirc was in'inverse proportion 

1 tc the square of thc effective size of particles. 
s i n g  (1999) published results of tests of the mntcr-yielding nnd 

I w-nler-rot.nining capacitics of five diffcront sizfa of sand. Five gnlvn- 
l nim?-iil-iron cylindws 8 feot long and 5 inches in dinmet,cr were filled 
ur.itl>:ssiid, and water was introtluccd :i.t the hdtooni o l  each cyliuder 

1 ilntil~$ho snnd was snturntd. The colnmns rvem then allowed t,o drnin 
~ for p poriod of 9% yoam Discharged water was mensurod or  weighed 
1 at frequent intervals initially, and later only cvery few dqs ,  weeks, 
cr months. At t.lm conclusion of tYie tests, the qqnt i ty  of water re- 

~ mniliing in ench 3-inch-t~liick hyor of sand TWS determined. The m- 
slilts of ICing's tests showed discrcpancies of ahout. 5-7 percent be- 

~ ttvecn the porosity (rcprcsenting thetotal water cojitentpot;sibleunder 
saturated condihns) and t$ total quantity of water accounted for. 

! King's tests seemed to give 4omr values for sljedific retention than 
FIazen's f.~~ts,espccially for the caarssr simples. 

~ 3feinzer (l923b, p. 57) statcd khat the results obhined by I-Iuen , nnd IGng are inadequate and cannot be used as a. reliable basis for 
' very definite conclusions as to watcr-yielding cap&y. Ere concluded 
~ t,haf, ninny more tests of the same sort obviously &re needed. 
,..! Mpro recently, Johnson, Prill, and Morris (1963) made a detailed 
stud? of t,lie column-clrninage method and determined many of the 
factors uffecting Specific yield iis r~eter~nined by this incll~od. 
, kftcr  n stmdard method mas developed for pnclring columns of 

dehmincd thn t  
themoisturc 

. i 

5 ,  I ,I ' 

pokous me& (Morris and Kulp, 1961), the 
thocolumn dinmetcr (1- to S-in.) 
.distribution aftcr 
W o  difi'cyonce whcn tho 
1ar'~esi~lts vxre obhined no niatkr what proceduie was used for satu- 

<: 

COMPILATION 03' BPXXFIC YIELDS . <  D7 
rathg.%ho medin. TiihQ distribution of muisturc after d r d h q e  was sitn- 
ilar when any one of four designs of column d as used for the tests. 
Later rosearch (Prill, Johnson, and Morris, 1965) studied the effect 
of time on ccolnmn drainage nnd concluded that wen f o t  Llie and-size 
muterinls used in ilia study, 5 very long time .- i\-ould b6 required to 
roach drninngo equilibrium. ., 

C O X R ~ ~ ~ ~ T I O N  w m  PARTI- srm 
Pnrticle-sizo malysis can Le considered as ono mothod of Wtimntiig 

8pecific yidd. By deBarminiiig tho spocific mtcntion by some othor 
melhod and t,lm offcctive sizo, or rndirm dintnotor, 1)s pfi&lo.&e 
nnalysis, the relation of the two cnn tw graphically itq~iwc-nted by n. 
curve (Mehzer, 19Bb, p. 64). By debrminhg the eficctive size, or 
mcdian clianiebr, of a sample and rofcrring to the curre, the npprox- 
imnta specific retention cnn be obtained. rLf;er deterniiriing the poros- 
ity, tho specific yield can the2 bo obtnined, as mentioned before, 
Probably, nt  best, this method represents n speedy but only zppros- 
imate means for estimating specific yield. 

Brig@ arid Slinntz (1912, p. 72) cletcrmined the iwter-liold~iig 
capacity by interprct,ing piirtido.sizu iiIiiilyscs niid ciorclo~~rd i?x 
following eqnntion: Water-holding cnpacitg = (0.03 snnd -t 0.35' 
silt + 1.65 dny) + 21,  dier re the wnter-holding capncity :ind the snnd, 
silt, xnd clny are expressed as percentages of the ~vcight of the dry 
sample. Middleton (1920, p. 1GO) developed several similar equations 
which appenl-ed to provide more precise relntions than those of Brig@ 
and Shnntz. 
hs n part of the specific-yield-rcseurch s t d y  diseiissed earlier, Prill 

and Johnson (unpub. data, ID6G) developed a relition betw.ccn spc- 
cifie yield and soil texture for samples froni the Sail Joaquin and 
Antelope Vnllcys, Calif. The dnta are shown by lines of eqnal spccific 
yield on n trilinear gmph of testuid clnssifiw.t.ion (fig. 1). The : 

specific yields were determined by both lnboratcq and field methods, 
hnd the texturn1 clas;es \\-ere determined by particle-size nnnlysis 
of snmplcs. 

( 1  

. 

. . 

, C ~ N T R T l W ~ B X O I B ~  EQUITAZEAT 
r' '. 

specific yield can nko  be estinintcd froni,blie centrifuge-iiioistiirc 
equivalent. The latter is defi;icd as the moistuio content of a soi! nfter 
it has been saturated mitli water and then subjected foy 1 hour to a 
force equal to 1,000 times that of gi-nvity (Am. SOC. Testing lIoteri:Lls, 
1961, p. 1404). The centrifuge-moisture equiv:alent is mnltiplied by 
t,he dry unit weight of the soil and dividod by the.unit weight. of water 
to obt.ain the moisture oquivalcnt, expressed as a pwcentnge.of the 
volume. 

'' . . - _ _  
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, ! *  .. . .  , .. SILT SIZE, I N  PERCENT 

FroURa 1.-soll-dnd5cnKon trlungle showlng rdntion bctw~en pnrtfde size nnd'spectfle 
4 xicld. 

j ,"I 

. \  %he concept of moisture equivalent was introduced by B r i g s  and 
McLane (1907) by dete.minations made on more than 100 soils of the 
moi&re , .  . ) .  retained under a cmitrifugal force 3,000 times tlie force of 
~ a + t y . .  Steorns.'(l927) poicted out that the moisture-equivalent 
~ e t 1 i a d . i ~  bnsed,on the theory of applykg a centrifugal force great 
cnou 11 to reduce tke capillary fringo enough that it can h ignored 
;V&$ut introducing much errcr, even small samples, and yet not 
so @eat Qs to withdroiv &'lare' proportion of the mater .that is held 
more  ~securdyiboy? ,Ihkkhpillary. friigo.. Steuxnsrnoted~ tiiat-if 
~uat i r i i l  mill lift water':ibo hiches by capillarity ncting ngainst grav:', 
iiy; h$r;iai:erial thodrcticallj. be nble td 1iold the water on~y 0.1 
inch'ryamst,.b'c0t;trifu~al forco that is I,op? times grintar than tte, 
for&-of '@nvity' Pfiill (1061). discussed thid idation in mora detail 
a i d  p o b ~  n i t  that water retailtion aftm centyifiiging ie coniparnble 
to that ob&ned by iravity draiiiage of long columns. 
#.'!:Brig@ nnd BfcLane (1907) ma& their early datepiinslions under 

a'C~nt.rifuga1 -force bf 3,000 times gravifq,'but in k,'lafer pubiication; 
Brig@ (1910) suggested that a force 1,000 timesgrmit~codd be ubd.' 

. -. 

. . . . .  
I n  .1912 Briggs and Shnntz conducted moisture-equivalent tak? . , ~ .. .. , ? . 

t '  .. . ,:j 

; . I  

;fciaI,k (1949). Hove~er, many studies have been made sinco 1912 :,, - '  -. 

employing n force i,ooo times pavit,y, nnd sinco then, t.hat force Im 
h e n  accepted as Gtaandard by most iavestigatom, including the U.S. i .: , .  .. 
Bureau of Public Roads (1942), American Society for Tesling and , 

' . .  , 
Mntcrinls (1961), and American Assocint.ion of Shte I&Iiway of- 'I ' . . . .  ' 

concernidg tho relation of mnny other factors to,the moisture qui\': 
1 f : ;  l :  , , .  t: , '  ,.-', i. , dent, obt.uined. ' ,' : q , i s  

. 
' 

. . I  
1 ' 

: ', I 

. . Considornblo experhenta.l mork has ilidicntql thRh for nt, 
somo medium-terturcd ninterials . t.110 ~noisture quivnlont  approxi- 
maidy cqunth qicciiic re(cntion, Ismclmn (1918) shtoit tlml. cor. 
relations betwwn t.lw moisluro equivalent and the trater rctontion 
n[toi* irriplioit clr~rly ro~rrf;ponrl. Ti1 1933 Pipor ifcttqmlinl~d it i d n -  
tion (fig. 2 )  betmen centrifuge-mokturo cquivdent and specilic 
rotenkion, as dctmmined by the field drainage of long columns of 
various niatorials. Since tliat time, the centrifuge-moisture equivalent, 
as a percentage of the volume, has been adjusted to specific retention 
by multiplying by the ratio-correction fnctor determined .by Piper 
(1933). This value is then subtracted from the porosity to obtain the 
specific yield. I 

I n  1963 Johnson, Prill, and >€orris reported a detailed study of 
the centrifuge-moisture-eqiiivnlent method. This research showed, for 
example, that the effect of tempel-nture was of sufficient magnitude to 

. \.;arrant establishment'of a standard temperntiire for tho t.est (Prill 
and Jolinson, 1959). Since 1050, centrifuge-moisture equivalents de- 
t.ermined by the Hydrologic Laboratory hav-e. been made at  n constant 
temperature of 20°G., and the American Society for Testing and 
Miterials nom (10GG) .has adopted this temperature RS their standcrd 
for the test. (Prill and Johnson, 1966). i . .  . .  . .  , *.>. , 

M O I S ~ ~ Y . s I O i - 7  T23cxNIQUES 

,, Moisture tension has been defined as the equivalent negative g g e  
prossure, or suction, in t.he soil moisture. It is equal to the equivalent 
negative pressure to which mater must be snbjectecl to be. in hydraulic 
equilibrium-th~oyfi. a poroos pernieable plate or membranc--rrith 

.For tensions less thun OIIB ntmosphere, the moisture-tension relo- 
tions aro detonnined by porous-plate appnrntus consisting of a light- 
duty prrsum chamber in which parous ceramic plates are installed. 
An air compressor niaiiitains I.lto air \rithin the pressure .chsniber a t  
a valuo qnivnlent to a gircn tension force. 

Duplicnta snlnples of tho soil, retnined in ~-iiich-Iiigh p1ast.i~ rings, 
are placed on the porous plates in the prossure cbnmber.and nr8 d- 

. tho water in the soil. h 

l 

' 
-..... < ..- 
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IFIounB %.-Relntlon o! molsmre tpdvacnt to tiileclflc retcntlon. (After Piper, 1833.) 

lomcd to saturate by mpillary ,action. The samples are subjected to 
ir pressure equivalent to the desired tension until t.he mntcr outflow 

. .  . .from the prcssure dinnibor has attained equilibrium. The samples XPC 

t1ion:reinoi;ed froin .the pressure chamber, nnd the moisture eontcut, 

: :"&olmoistiiri. contontM'.f/,,- .lo %-atmosphere tmsion hns beon 
considwed . na :.:approxhntoly 'equivalent to the field cnpacity 
(Coleman, 1947; Richards and Wesver, 1944), which 'if convorted 
t o  moistiiro content by volume, mduld approximate specific rctention. 

an& Joluiisoii (lRG?) invcstiigaLed moisture-tepioii teclniiquea 
in dehii .  in tll0 iiiltercst' of applying these tocliniques to tho routine 
det&rminatien of sp%fic retention. They found, for eiamplo, that the 

Ji , 

: by :w$ghL, ;is determined, . ' . . I  , .  

CO.WILATIOW OF BPlEITIC YIELDB '1 

moisture dist.ributioS in porous media as dekcrmincd by moistu 
tonsion kzhniques sns comparable to thut dctermiucd by gmvity .:;, 

' Petroleum-rfficrroh eriginecrs ham used a hlorcury-inicetion mcth 
(.purCa~, 104.6) to dctwmijlotho variationof capillary pressures (some- ; ':, ::, 
vhat s i n i l ~ ~  h moisture 'tensions) above tho nakw table. T%o 
lodo L a b o r a b r ~  cuiTantly is studying the adaptnbiiky of this 
to the estimation of specific retontion and specac $da. . 
? '  I '  ~ 

. ._ . dl'&L$Q Of 102y COhllllllS. ' f. ., I . .  

,. I . j. 

I . , l i  

I ". ; 
.., .~ t .  .. * L  , ., 

F1BL.D H.TCTIIODS . . .  
j _  ,111.: . 

1- GATLlRATlQX AND IfRAIh'AQX - .  

The field sakuintion n.nd drainage method is shnilar h principle 
'lo the laboratory method. Meineer (1932, p. 115) indicated that a plot 
of land should be solccted where the mntcr t&ble m d  c.npi11ar-j fringe 
are at suflic,ient depth b d o v  the surface to permit pa&y drainage. 
T h o  rna.brial underlying the plot &eu1dthcnbek.horougldy n-ett.ed and 
allowed to drain, and care should be taken to avoid all possible evapor- 
ation. Aft8r a sufllcient period of drainage, samples nm hken for dotor- 

' mination of moisture content and porosity, nnd the specific yield is 
computed os the difierence between these two. 

Israelson (1918) conducted a series of field tests of the xat8r-mtnin- 
ing mpncities of different-type soils in Sacramento Valley, Calif. His 
method vias to dcter1nine the porosity of the different soils and their 
mater content nt successive depths inimediate1.j before irrigation and 
again about 4 days afier irrigation. This second determination gave 
the approximato spmific retention t.o bc cxpccted in a limited drainage 

. 

. 
t h e .  

'SAhiMZNG A I V B R  W e E R I I y G  OF WATBE T A R m  
/ 

j '  
' 

After appr&iable lowering of the mater table, samples arc col- 
lected from the zone immediately above the enpillsry fi-inge. The mois- 
ture content and p o r d t y  of the saniples ape deteridned, and the 

i. specific retontion and spffiifio yield am calculated. Meinzcr (1032, p. 
PIG) cautioned that, when making tests of this kind, it is m n t i a l  to 
itscertain that the part of t h e  deposit from which the sample is taken 
has not receivd afiy'kecent contribution of p i e r  from lnin or iniga- 
tion, or that it has not becn exposedto evnyoration or. to absorption by 
p lan tsboth  of yhich consume water that is ret.nined agitinst g a & y  
by molecular attraction. 

Experiments were made by LO (Ellis and Lee, 1919) on samples' 
of fill from the major stream valleys of San Dicgo CountF, Calif. His 
method was to collect samples inunedintoly above the capillary f r ins  
aftcr the mater hblc lind been apprecinbly lowered, ns c.ommonly hap- 

._  ' 2 6 W n 2  047-3 
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)ens in  summer and autumn. Johnson and Kunltel (1063) discussed the 
m l t s  of this method in conjunction with moisture-content ddermi- ' 
lation by nuclenr mo'ter, to determino t h o  spccific yiold i n  the x r e ~  of 
mtor-table lo\rci<ng in tho irnmcdiate vicinity of a lnrgo well fiold 
twr l?rsno, 'Calif. Thoy found that tho moisture.dis~.~bution deter? 
nilled by this field met.hod could be closoIy roproduccdby dataobtnined 
v tho cenkrifnp, moisture-tension, and colunm-drainagotcchniques in 

lnborntory. . ,! . . , .  . . I . j  ,*.,!'.." , .. 8 " . -1  

This m&od consists of lomedng of the mater table by pumping 
i measured volume of water nnd tlien determining t,ho volume of scdi- 
nents drained. Tho specific yield is .t.licn obtained as tho ratio of the 
rolumo of mater pumped to thc volume of seclimennts drained (Meinzer, 
t032). 

Pumping mater from a vel1 lomers thc piezometric surfnm around 
,he well nnd .creates a c.one of depression. I n  carofully wptrolle$ 
~umping test, d a h  nro obtained on rata of discharge, water levels, 
Lnd duration of pumping. The drnwdown data nro tllcnused in vnrious 
~ormulas lo calcu1,zto the magnitude of one of the most important 
iydraulio charncte?istics of an aquifer-the coeiTicient of storage. 
Nenzel (1042, p. 87) ddined the cceffic.iGrit of storage 3s i,hG cubic feet 
If wator discharged from each verticaI coltrmn of khe aquifer vivitli a. 
insc 1 foot squaro nsthe mter IBVCI falls3 foot. For mater-tnblocondi- 
ions, the cocfivient of storage is equnl to tho specific yield of the ma- 
crisl dc-wate.rcd during the pumpiDg. For nrtcsitiii conditions tho 
:ociKcioliL is quill to thu wtttcr ol:tnincd flum stomgo by compwsion 
,f IL coluinii of wtcr-bearing irintoriiL1 whosc 1ici$t equds .the Ihiolc- 
irss of tho w~itcr-Lonring irlnt.hrin1 nnd ~ V ~ I O Y O  bnso is 1 foot squnro. 

Tkiorn (1906) npparently mns the first hydro1ogist.b develop a 
lorninlr, to dotormino nqiiifer oharnchristics by a voII-pumping 
nkthod. Hornever, tho greatest dvance in aquifer analysis by well 
I$Imiilics wns probably mado through the dovolopinent of tho non- 
quilibriwn formuln by Tliois (1938). The &my- advanced by Theis 
introdticod 60th the timo fnctor nnd tho mficient 6f.storngo. Sin&. 
036, n i k q  modiiicatiwi o f  formulas or mettiods' of interptnt ioi ;  
~ V G  bmp clovdoped. ' 
: hfe,ihods for compullng shrogo wefl&nt '(specific iiald) by the  
lumping method mere dwribod in de& by Wenzel (10.12), Ferris 
i?i8);Brow'(1DK+), Bruin ~ i ~ d  Hudson (1966), Xomson ant1 Lang: 
I?SG), &msdloyo am1 Lsiig j i ~ l ) ,  and ~ O z * t . i s ,  'IOIOWJOS, U ~ W I I ,  ! 

$1 Stallman (1063), Xast of t+ mothode. me tiaseclon the f~ollom$g 
&inlitions: (a) 'rlie nquifer is I i ~ & b g ~ m u s  and koiropio, (b) tho i 

PUILIPMG DlIXCTXOD ., . . .  
I 

. I  . 
. .  

' I  
" . . I  

I _. ...,. '.,,'. 
nquifer hns infinite drenl extent, (0) ' the discharging well penetrates ._I ,;I , i 

and rewives wnfar €ram tho entire thickness of tho aquifer, (d) ,tl!c ., $L::~~ 
well djnmctor is infinitesimal, and ( e )  .mater removed from Rtorog 
is dischnrged ~istantaneonsly.-mitli, tho decline 

I very few fiold conclitions mwt; theso specified limitations,~succcss 
ipplicntion of the pnmpi<g method seems to. be poxsiblo for rd 

. ground-ma&x problems. Ferris (19.18). pointed out tld theso m 
cRn nsvist, in tho intorprotntion of local geology, but he nlso em1 
that nny discrepancy bet-itcen tho hydraulic and geologic cvi 
n given problem is untennbIo and points to incorrect intcrpr 
eithor or Got11 sots of data. . . . .. 

' Spoeif~c yield can also. bo estirnatd from miis 
mined by sampling OT by nuclear-meter logging in the cone of depres- 
sion around a pumped well. 

:. .! '-1, i . .  .. .. -_ mRGn ~ o D  ;i-;.! T ;I!.:, . -  ,,i; :- i ' . / y ;  . . .  . . .  . ~ . . ,  
. .  . . 

. i  - . _ .  , . .  
I 

.. ~ 

. .  

Tho rechargc method is the converse' of tho pumping method nad 
consists of observing the seepage losses from s t m m s  or canals, or 
determining tho amount of wnter recharged into nn aquifer t.lirough 
a recharge WCII, and mnking corresponding observations on tho re- 
sulting rise of the water table. From tliese observations, tho volume 
of sediments saturated by tho mcnsured recharge is determined, and 
tho spoci6c yield can be computed (IvIoinzor, 1932, p. 116). 

Xouldcr and Frnzor (1957) used the recharge method to analyzo 
:qnifcr charoctoristics ncitr Amarillo, Tox., mid found that vvatui-, 
Iovols may hnvo riser1 as mucli ns 5 h u t  during n /~.-i:ioiitl~ inchnrgo 
period. Moulder notcd thnt slow 8rainn.p or slo~v lillin&.rof scdimonts 
with wat.or made the ?ala coh?terI carry in f.he fmt i~nnsidl~n for 
analysis by tho nonequilibrium method. H e  concluded that confoim- 
anco to thoorctical conditions requires longer periods of time at  greater 

Sniegocki (1963) mado a detailed study of.tho fundalnentnl prin- 
cipIes of arti&ialIy recharging a q ~ f o r s  through molls. &ults of :* .: 
his study show thyt &large dnti may be sat isfdmy for cdculating : , , . .  ';: I 

nbSOlUt8 values for hydraulic characteristicst, such as the speoifioyield ).,I: . i, ::' 
1963, p, 22-23) that, i f  ukder certktin conditions tho fiultj situfition i s  ', 

readily ndaphble for idiargo test, the testing period gonerally ro- . ' . 
quired to determine nbsoIuh3 hyd&Bc.constants could b e  shortened ':. 
as mnc.li as DO percont,, I18 not& that t,ho coalficient of $torago (spo- :' .:: 

' cifio yield) for %)le aquifer.& higstudy'vns 0.30. (30 pe'rc{nt) 'nf&eryb-,f; ,, ..._ 
oyd~c&I~re.ch~~~go for nbout 0 $y8; 1..*.. mli&ron$, ,- in tho discl~na~~fliEri~tition, jl.  .. ! 

. 

. : 

'. 
I 

. . ' 

.'.' 

.I ' 

I "  

, distances fromthepumpingor rwbnrgingmell. , , .. . . .  

,, 

(or c d c i o n t  of storage) , for an aquifer. Iie concluded (Sniegbcki, ' . ;:,. ~ . )I 
' 

' 
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n vnluo of 0.30 conld not be obtained until pumping hnd continued i : i .  ?*-g , ; Tar mare thnn 100 dxys. Meinzer sug@;ested cnrlier (1032, p. 136) t h n t  ..-i ,%A,> 

' "htter results can doubtless bo obtained, hoivovor, if tho spffiific- ;:.:;& 
yield tost is inndo during a pcviod iinmedintely aftor the mcll hns been ' >i!d! " ,I ?$VI shut dova, d i e n  the quantity of mator &ken into stornge in the ... :A? t?; ;v&g7i 

I cylinder [Colin of depression] mill 60 equal to the total inflow during .,.z-;Fc 
ilie period and the volume of materk~l snturutod can be computed. ':?i:&.{ 

'&:&%. .i 
I -9rn tho Tis3 of t l ismntm lnvels." . . .  . ;:, ~.I:fi 1 

., 1" I 

The following pnrqpnphs p m n t  the m u I k  of Iibrnry research 
.to compile a list of specific yiclds for rock nncl soil mntcriuls of vurious 
tostures. Pertinent pnrts of the publicntions describing the methods 
or lirnitntions of tho dntn hove been quoted. .eW the following tesk is 
direct or only slightly modiGed quotation. Additions to quotations n re  
indicntcd by i-rmclats, and omissions nm indicated by nsterisls. Figuk 
nnd table nnmbers, homevcr, bnve been changed to fit their order of 
nppcnnnco in this report. 

..r* j 
!. ' Clnrk, W. O., 1917, Ground ivntcr for Irrigntlon In the 3Iorgnn Hill nren, Czil!- 9:- 

fornin, <n Contributlonh to the hydrolog of the Unlted Stntes, 1010: U.S. ~. 
~ Gwl. Survey Wnter-Supply Pnpcr4OD. p, 82-ss. "1.1' [ 

. . .  
TADLE I.-Quanli@ of raoler rcfaincd and giucn u p  bv diflerenl aands that were . 1- : 

,.,l.-; drained for $% years 

., I 

I I I I I 
I - .  

percent of sand, tbcsc materinls wili hold n qunntity OP wnter equal to IO.% 
percent of the totnl volume of the snturnted nllnvium; if they mlll yelld M, . 
p e r c a t  OS Us water they mlll furnish a qunutity of wnter eqnnl to 0.77 per- 
cent or the total volnnie de the anturntnl nlluvium [tnble 21. T ~ I C  clnya form 
about ED percent uf the nlluvium. and thcir avernge porosity is about 33 wr- 
cent of thcir totnl volume. Clnya give up a very smnll perccntngc of tile watez 
they contain. It is stated PY King [ l W ]  thnt clnys of flne texture may retaln 
a ~ m u c l ,  nuY2p;ce~t of t hd rd ry  wclght or rvnter. 

. '. 
' , .. :: 

' :.-', 1 

T ~ ~ L E  ~ - - ~ p e o ~ # o  &ds lor alltkvial dcpOSi.ts in t lrc Jlorgun niti w c a ,  

The alluriuni is composed. uccbrding to W Fell logs, of akmt  G9 percent day, 
29 percent grnvel, and 2 perccnt snnd. R o m  the nvnilnble data on porosity * * . It hns been concludE4 thnt the porosity of the snnd and grnrel is nbout 33 
percent of its wlunle, that of the clny 32 percent. Qnd that  of t2lc nlluvium 08 

. Clnylonm-------------------------------------~---------- 2 
' The mnterials cnllecl clny in the Xorgnn Hilt area nrc not true class but 

perhaps mora nearly clny loam, so thnt the quantity of wnter they retalned 
woulg be cousidernbly less thnn that retained by fine. r i n y . . , ~ o  porffiits Of 
We ellay# mouId be grenter, but me clays from which tho porosity data here 
used mcse ohtutned mete not trua dny8, and hence It is belicred that thclr , ., 

j no mcnns give up r a t e r  to a pump% the proportion of the total water they COP- 

, .  ; tnin. Nne mntcrinls are usually better sorted then conmer materlnls nnd there- 
1 fore wheu saturated they xnny contnin even more water than the eonrser mate- 
!. rials, but the;. permwiently retnin u Inme percentogo of this motei, whereas 
j the comer mnterinls rcnciily part yith n hrge permtogo a i  their water con- 

@e up 10 percent of the anlount required to anturnte 
of tbc allur4um is clay and me porosity of this clnY 

, 

. - 

tobel200percent of ita volume. 
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indlented total voids ezpresscd ns percent by volume ns.follon%: Coarse sand. 
S9 to -ll percent: medium snnd, 41 t.o 48 percent: flne snnd, cI-i  to 40 perernt; 
flne sandy lonm, %I to 64 peh~u t .  The nvernge .porosity of nll  30 suioples \lws 
.15.1 percent. '&'he el&~ifiention of mnterinls is thnt used by the Blucnu oi Boils 

' i f  tbe Unit@ Stntes Depnrtment of dmiculture. Them percentngw represent 
materrisl under nnturnl condition ns to size and nrrnngement 

~ .:, ~. , ' :.. ' -. ./ . . 
1 * 1 .  1 .  - , -. *"  . .r .'. , , . _' I * :.. 

z  specifl if lo y i c m  of .caiiepfirz materials <N satr D ~ O O O  coviltu, Carif. 
. . .  i . Epeclno uiald 

i I[OtCrlOl i_* ' . . lpercent) 

. .  

. .  ;! 

. I _  :. , . . -  !I Conrse ~nd---------______----------~------------------- . 34 
I .  Lletllm sand 27 

Fine sand ________________________________________------- 37 
Fine snndy lonm ________________________________ SO 

h eertnin proportion of the moisture that occupies tlle voids of any SaturJted 
porous materlnl do<% not rendily drnin out, even mhcu the zone of saturation ha8 
fnllcn belon~ the depth from mhich the CaplUary rise of watet is rapid. Thfs 
moisture can not be csti~icted by pumping nor does it represent wnter thnt Ornius 
out and is replenished during the nn tunl  fall and rise of the water tnble. To 
determine the mnter-rctnining cnpacity of various salley-flll mnterinls, six erperi; 
ments were mnile after the nnnuui summer lowering of 'the water tnble hnd tnken 
Place. The vini~?'-relaining cnpncity vas found to rnnge from G to 10 percent in 
the coarse, medium, nnd finc snnds, but no flncr mntcrinls were exnmiued when? 
:he depth to  tl?n rrnter table n-es Gent enoush to enable the field capecits to be 

' determined with certnhty. Etcbc?erry [10161, quoting from Widtsoc'd extensire 
'. experiments, gi~a the mnter-retnining cnpncity of snndy loam ns 14% percent by 
: welght, wkich is equal to about LM- percent by volume, and this percentage cnn be 

cunsidered n s  rrpresenting roughly the conditlou hi sandy loam soils OL' the major 
8 '  river n l l l c ~ s  uridor ~~, ! ,~ ; l~ l i . r~ i~ i ,~ i i .  Tile total voluriie of iviIIcr t l in t  mlght be 

I drnineii froni t.he Yaiiey fill by tile riloiv lowering of til@ mnter table cnn be 
cstlmntcd ns rnnglug from about %('to 37 percent by rolumc. Such complete drnin- : i age, however, m)uircs considernhe time, and the rclntivcly quick drainage 

) resulting from the artiflcinl lomering of the v:ater table by pumping undoubtedly 
represents tho extraelion 'of far ICSS of the totni mater content. In  practice the !! proportionate voliune thnt could be extracted from the vaiiey flll of the major i vlillesi probnbly does notcvccerI 20 to26 percent. * * *. 

;!Stenmu; E. T.. Robinson, T. N.,,nnd Tnylor, 0. ,H.,;lP30; Geolob~ n n d h & r  
i , , rcvonrces of the ,Uor:eiunlriu are?, Cnli<drnid;. U.S. Geol. Survey Water- 

Exnerikental ncld rests were made on undisiurbed B o i l  columns to detcrmlne 
tiio siifietllc yisiti OP tile so11 iiirceily ~ t b o v i  tiic water tnbic. TIICSC soil columns i 

L WCTO oblulned durinfi the pall, whcs the w n w  tc~iile n*ns nt its toyest i c~e l .  In 
tbla way e test was mndc e1 the snll withln the belt of fliicluntlon of tho mnter 

j l  tuble ~, 

,: 'A.  cyiinaer incici in.'dinmQte;.nhd 90 irkes icing mnde*oflc-gnge i & k z M .  
iron ivns USMI tor tho Fests. The cyiillder wan butt-jointed ana rfveted, iwd the 

iitotnts were floated iplth $older pnd.screped 8mooth qn'tbe inuibe. h 9-inC4 irosi 
,E FoIlnr wnm:v& ann @pot wu~derl to tho top'% thci'eylbdei.to prevent dnn1age. 

.., ., I.! , . .  Y!lPI~l~l''n~e~~10,~,1G1-172 , ,.? .: .,,j$ *.- .I ' ,; . I  , i . .  . . .  ! . . b .  
. ,  , . . . . . . , !' 
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to the cylinder in 'dri?ing it. The bottom outside edge of the cyllnner mas 
bevelcd with a file t o  faeilktato drlvlng, ma three equally spncccl holes mere . :! 

.', - '  

, # ,.".I 
..i : 

d &foot squnre pl%mvas dug rdthlu 3% or4fee t  of the wntm table. The cylinder . .~ ' . 
was then driven into the bottom of the pit, nnd the soil IvnB escnvnted nround ' : . . 
the cylinder as drivlng progressed, A driving cap of 2-inch plnnl-ing was used 
on top and n 4 hy 4 inch tfmher about 14 feet Iong, bundled by tmo men, wns used : 
in a mnuncr eimilnr to n pile driver. Constant cnre mas tnkcn Io keep the cyUudm i '_: i 
In a verticnl position while it was being driven. Spwinl cnre wns taken ns the ' . : a : '  : 
soli neared the tap of Lhe rylinder to keep the soit from being compacted by me . '. 

driving cap! Driving wns stopped Jvhen the battom of the cylinder was withln n 
few inches'of the mater table. strong flexible mire-was then used to snw .:' : 
through the soil column nt the bottom edge. Heavy mire3 mcre strung through )-,' 

the holes near 'the top of the.eyllnder hy means of which fie cylinder wns llfterl 
n fractios of nu inch by elther a leser or block and tnel-le. The cylinder was 
snspeuded only long enough to nllow u 24 by 24 inch IC-gage gnlvnnizcd-iron truse 
plate to be slipped under i t  If the soil wns not compact enongh to remuln in the 
cylinder when lifted this much, the plate wns forced under the cylinder by meups 
of nn automobile jneli, special cnre being used t o  keep the plate flush with the 
bottom edge of the cylinder. Thc latter method proved to be the simpler of the 
tive. The cylinder was then center,& on the plate and leveled. It wns found that 
for the Qnse plate 12-gngc gnlvnnk~ed iron is preferable to  1Egage. 

Two l%-inch holes mere then drilled in the conflncd soil column nbout 4 inches 
from dinme~sicnlly opposite sides of the cylinder. These boles were drilled to the 
bottom o i  the mil eolumn with a m W  nuger melded to nn estension hnnae. 
Tncy we:e then.cased,with l%-iueh nickel-platcd brass pipes. One of the pipes 
mas perinratmi the entire length, escept 0 inches on the upper end, and the oiher : 
pipe was perforat& only In the lower (I inches. The perforntions were one-six- 
teenth of nn,inch in diameter and were dr!Ued in pnmliel rows ubout hnlf nn 

Water vns  ndded to the mil in the cylinder hy I>onring I t  into thc S%:inch 
hole in which only the lo\~or 5 inches of the casing vas p c r p t c d .  Tho water 
pins removed frbnl the cyliiidcr try drnvuliy. I t  up into n glnss tube 01' rubtrcr hose, :,: 
and the amonnt of watcr removed or added mas mensured in :i glass graduate. 

.. . 'me. distnnce to  the vnter level in the small holes was measured with a s ted  
tnpe from the bottom edge of n spirit Icvel placed across the top of the cylinder. 
A amnii lend weight, lvith'n h lmt  p i n t ,  was placed on tho end Of the tape, and 
the measurement Was tnken when' the point of kho weight broke the mirror 
surface of the knter in the l%-incb holes. Mensurements mere made in one hole 

' immediately nfter measurements had been made In thc ot@er, to ascertain 

drilled near the top, through which wires were plneed to lift it. ,. :. - .  
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whelher or not the writer.tnuble in the cyllnrlcr +IS Icrol. , .  
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. ,' 
e * li the rcsultlng speclk y1eld rvould have hem larger and more nearly the 
nctnal specifle y i e k ~  if the time interval between changes of mnter in UIC cglindcr 
had bccn grcnter, Exverlmcnts conductod tha faUow1ng-year proved that nu 

Tests 3, 2, and 5 ara &rupleted,. bob the rflpnisder of the tests are still 'i 
progresg, ugd fh? dntp bl$nlne$ n Y 1  pp'61geb in'p liltor report. Adllitional obser- 

. . tqthnri nrf: p w x s s ~ ~ , ~ ~ ~ u ~  pEy change +,ht re&$s glvcu here, vencc these date 
(lye of h preUmltip$r saturn and pbleCttqrev!si~ [tnble 41. :+ ,... : :, :, I , . 

' ,' 

; 
. 

. . . interm1 oe 8everu days is necessary to ohtain $ccurnte resdts. . .. 
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It, 36 fnte&tIng Jo note thnt tho fnmlly of lines has n chnrncteristic shape. 
The range of speciflc sicld is relntivcly brand for Wm Snmc g a i n  she. Thls brond 
rnnge, Rliolvs.thc impartonce of porosity. Tlic flnttening of the llncs of porosity 

. .. 'tomnrdlil.~conshnt spoclnc yibld mlue, nim.78 I ~ E S  thnn the porosits, indicntes 
. tlmt specific retentloll nppronclics n finite mlnc grenter thnn mro. 

i 

,. b 

,!:) 
.,.$ . , . I [ !  . : . ; & c i  ; ~ ; : 1 . \ +  ., , . , : t .  ' "."..! ." .... _1 

: . f  , ' . ,.I.!; i; 
i I  

.. 

BUMMARY ~ 

T~bld'291summni*izcs t.lic specific yields used in many of the prcvi- 
& s ~ y  listed investigations. A specific yielc1 werngd from n.1: values 
reported in tho h b l o  also is reported for onch texture of rock or soil 

' 8  .I . ,  i r i n t a r i a ~ h o  reported specific yields, in &enernl, y e  representatire of 
. ' hi& idtim&tij"iinoi;it of time for drainage: Corfwtions to  1omor.vnluks 
: . would have to be made for short dminugo p&iods. 

.. , '  . .. . ,. . - , ,  

' > : .  .,e. 

, .  . 
' 

t 

- I CONPILATION OF SPECITIC I I E L D S  ./ D 

1 1 1 . 1 1 1 1 1 1  I I i i i i i i  I I I I I I  ,_ 401 

O s ,  IN MILLIMEiERS 

FICOIBE 10.-Collneor plot of DP to apeclnc field for varIoos vnlues of mmdts. (After 
Preuss and Todd. 1003.1. 

It should be rcinembcred that tho textures listed ape, in general, 
hrond clnssjficntions bnsod on tho prdomiiinte p:~rticlo sizc: Oric cnu 
observe that, tliu Iiigliest specific yields tend to be nround t.lic iiiediuiui 
and contlse snnd texture-this is duo to the fact tlint theso sands nor- 
mnlly hnvc u morc uniform sizc dist,ribution t h n n  do tho gravels or tho 
finer snnds, silts, niid clays. 

Ressenroh on spwific yicld completed by the 1:Iydrulogic Lnboriitcry 
indicntes that mnhy of the specific yiclds used in tlic pns'b-especinlly 
for &e-textured mnkrinls such n s  the silts, ssndy clays, and fino 
smds--arctoo small. Jolmwn and Runkel (1063) pointed out that this 

' -  - 
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Definition 

. .  . .  
. ., ' The specific a rock is the percentage of its to.ta1 . "  

v d ~ e  that is occupied by water which ia  not gravity ground water 
.: 
"V . . .  

. . .  
... 

I 

.- . a ~ d  which will not be ,yielded to wells. . .~ __ . . .  - 
.;, :, x 

.'*X%.-rt - 
i ,._, :. .. 

<'.. 

. ,  

. . -:-- 
--. . 
.- : C d y l  . .  
. .  

The specific yieldhof a rock is the percentage 02 its total  
volume that is occupizd by water which is yielded 5;" gravity ta wells, 
The specific yield of a rock is equal to its porosit ,+%inus its specific ~. 
retention. . 

The centrifuge moisture .equivalent of a rock is the amount of 
' . ' water expressed as a percentage of thhe d ry  weight, retained by the 

material which has been f i rs t  saturated with water and then subjected 
to a force equal to 1000 times the force of gravity for one hour.. The 
centrifuge moisture equivalent is multiplied by the apparent specific. 

volume, 
. .  ' .  . .  

, 

. . . .  The apecific yield of the oamp1e was determined n indirect. 
laboratory method. The centrifuge moistur t  equivzlen&qv@ 
wao determined and was then adjusted by  a correction factoqpiopoaed 
by.Piper (1933). This adjuated value, conrrigere o be specific. 
retention, was then Subtracted from the porositp?o obtain the value 
for the specific yield. 
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' 

Standard Test Metiod for 
CENTRIFUGE MO15TURE EQUIVALENT OF SOILS' 

1. scope 
1.1 This method covers the determination of 

the moisture equivalent of soil by means of a 
centrifuge technique. 

1.2 The centrifuge moisture equivalent is de- 
fined as the water content of a soil after it has 
been saturated with water (by soakmg) and 
then subjected for 1 h to a centrifugal force 
equal to 1000 times that of gravity. It is usually 
expressed as a percentage. 

1.3 The centrifuge moisture equivalent 'can 
be used to approximate the "air-void ratio," the 
'%/ater-holdmg capacity," or the "specific re- 
tention." See Section 5.  

1.4 The method is temperature-dependent. 
and consistent comparable results can be ob- 
tained only if the tests are determined under a 
constant-temperature condition. 

2. Applicable Documents 
2.1 ASTM Smndardr 
0653 Delimitions of Terms and Symbols 

Relating to Soil and Rock Mechanics' 
E I I Specification for Wire-Cloth Sieves for 

Testing Purposes3 

3. Summary of Method 
3.1 The cehlrifuge moisture equivalent of 

soils is determined by initially air-dving the 
soil, selecting two 5-g test specimens, thor- 
oughly soaking each test specimen, and then 
determining the water content of each specimen 
after it bas been centrifuged for I h at a force 
equal to loo0 times that of gravity a1 a con- 
trolled temperature of 20 i 1°C. 

4. Significance and Use 
4.1 The centrifuge moisture equivalent can 

be used to approximate the "air-void ratio" 
(georrchnical term), the '%/ater-holding capac- 
ity" (soil scientist term), o r  the "specific reten- 
tion' (hydrologist term). 

4.2 Not all water contained in a saturated 
soil c2n be removed by gravity drainage or by 
pumping of wells. All of the previously men- 
tioned terms represent the ability of a soil to 
retakn water against gravity drainage. The 
amount ofwater retained aflergravity drainage 
varies with time. the texture (particle-size dis- 
tribution) of the soil, and the plasticity of soits 
(in general, increasing in value with an increase 
in Liquid h i t ) .  

4.3 i n  general, the centrifuge moisture 
equivalent is based on the theory of applying 
a centrifugal force great enough to reduce the 
capillary fringe enough that it can be  ignored 
without introducing much error, even in small 
specimens, and yet not so great as to withdraw 
z large proportion of the water that is held 
securtly above the capillary fringe. For exam- 
ple. if a soil will hold water 100 mm by capil- 
larity zcting against gravity, the soil will theo- 
reticasy be able to hold the water only 0.1 mm 
against a centrifugal force that is 1000 times 
g r a t e r  than the force of gravity. It has been 
determined that far at Ieast medium-textured 
so& (sandy to silty panicleisize distribution) 
the ccntrifuge moisture equivalent (when con- 

'Tb% mrlhcd is undcr Ihc jurirdicrion oTASTM Corn- 
pill= 0 - 1 8  on Soil nod Rock and k the direct rapmibility 
aCSubcornrnilrcc DIHO3 o Tcxture, Pinrticity, and Dcnrity 
Channcrircics o d  

Curicnl edition approved June 29, 1919. Publirhcd Au- 
BU-" 1979.O"ginallypublirhsdarD425-35T. Larlprcvious 
cdiiian D425-69. 

' h m ~ d  Book YASTM Srondordr. Part I Y .  
'Arcual  Book ofASTM Smndards. Pan 4). 
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vened to moisture content by volume) approx- cenuifuge and should be n m b r e d  in pain 
kale specifte retention, nir-void ratio, or wa- (for example, 1. 142 2.4, e*.) 
wr-holding capacity (convened to moisture 6.3 Gooch Crdcible-A pilrulaiu Gooch 
content by volume)." crucible havirg 2 pe6oratcd bottom. a capacity 

of approximaielj; 25 ml, and' bhe following OUI- 
5. Definitions side dimensions h w r  of about 37.5 mm, di- 

5.1 &void mtio-the ratio of the volume of ameter at thelopofabout25 mmanddiameter  
air space to the total volume of voids in a given at bottom of about 20 mm F i g .  1). Crucibles 
soil or rock mass. should be nsmbercd in balanced pairs to be 

5.2 p c @ c  retention-the ratio of the vol- placed o p p i t e  each other i% the centrifuge 
urne of water that cannot be drained from a trunnion c u p  (for example, 1A. IB, 2A. 2B, 
saturated soil under the action of force of grav- etc). 
ity to the totat volume of voids. 6.4 Filter Poper-.4 circuEar piece of filter 
5.3 water-holding cupacir)-the smallest paper (h'ote 1) just large enough to m e r  the 

value IO which the water content of soil can be inside bottom of the Gooch crucible. 
reduced by gravity drainage. NOTE i-F<wr paprs may be purchaudaiready 

5.4 woter (moisture) contenl by vohmre-the cut io sizt f n m  z dentific s%pply company. A 
ratio. expressed in percent, of the volume of qualiutive medium flow rate p?Fr or rquivalrnt is 
water in a given volume of material to the total su@cs:ed. 

volume of the material. 6.5 Baronre, habwg a precision (repeatabil- 
ity) ofIO.01 g. 

6. Apparatus 6.6 Humidfier-X large d'atsiwator with wa- 
6.1 Moisture Eqeirolent Centrfqe-A cen- ter in the locer hali  works satisfacionly. The  

trifuge of such a size and so driven that a force desiccator piate shauld bz .cwered with hard- 
equal to 1000 times the force of gravity may be ware cloth on which to set the crucibles and 
exened on the center of gravity of the soil soil specimerj. 
specimen for 1 h. The centrifuge chamber shall 6.1 Oven-A thennosWically controllid 
be capable of maintzining a controlled temper- drying eve% preferably OF the forced-draft 
ature of 20k 1°C. The revolutions per minute, type, capabk of mzi i r ta in iq  a unifom tem- 
N, required to provide a centrifug31 force of perstute of 110 5 5 ° C  throuxhout. 
IOW times gravity is determined from the q u a -  6.8 Wotbrei Conrent C~stoinen-Suitable 
tion: containers r x d e  or material: resistant to corn* 

sion and change in m a s  upom reptedheating. 
cooling, and cleaning. Containers s h d  have 
close-fitting lids ID prevent loss or moisture 
from the soil before initial weighing and to 
prevent abmiy2ou of moisture from the at- 
mosphere followkg oven drying and before 
final weighing. On* contaher  is n d r d  for 
each moisture wutent deterinination (Note 2). 
Conuiners should br M) to 90-ml capacity. .- -. 

NOTE 2--it is recmxmcnd& that the containen 
be nambon: in pain to mind& with the cruciblc 
numkn. 

beravered pestle sxitablt fix breaking up the 
aggregatioz of soit paniclm. 

6.rl Skw. 2.OQmm. of square mesh WOV& 

wire cloth, conforming to Specifia~ion E 11. 

' Joh-n. h 1. PdLL R. C.. ana M o d .  D.A.. "Spccilic 
Yield-Colurrr D*uase and Ccntrifuge'Mobturc Con. 

1961.p m. 

N =  dT 
0 . m 1  I I rm 

where: 
N = revolutions per minute, 
RCF = relative cenlrilugal force (IWO), 
r = radius of rotation tb center of gravity 

of the test specimen, cm. and 
m mas of the body, taken as unity. - 
For normal equipment installation, N will 
qual  approximately 23Do rpm. 

6.2 Trunnion Czp-Babcock trunnion cups 
fitted with a cap with suitable holder for s u p  
porting the Gooch crucible 13 mm above the 
bottom of the cup (Fig. 1). The holder should 
s u p p n  the cup in such a manner that the water 
ejecied during the cenlrifuging-opemtion does 
not come in contact with the crucible and soil 
and have sufficient clearance to fit freely within 
the cup, and rrucible holden should br 
balanced in pairs opposite each other in the 

6.10 Momr and Pestle-A mortar and 

ling.- u s  G&qxats"rv:J Wz%r Supply rq%' lK2-A 
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:8.3 Immediately aftercentrifuging. placethe 
contents (without filter paper) of each crucible 
in a clean, dry water content container of 
known mass and set tbe lid securely position. 
Do not take time to get all the material out of 
the crucible. Speed is most went ia l  to prevent 
loss of moisture from the soil. Determine the 
mass of the container and moist soil. Record 
these values. 

8.4 When free water is observed on the top 
of the soil after centrifuging. th r  soil is said.to 
have water-logged. and this information should 
be noted in the report o f the  results. 

8.5 Remove the lid and place the container 
with moist soil in a drying oven maintaincd at 
I IO k 5’C and dry to a constant mass. 

8.6 After drying. to constant m a s  remove 
the container from the oven and replace the 
lid. After cooling to room temperature, deter- 
mine the mass of the container and dry soil. 
Record this value. 

9. Calculations 

alent of thesoil as follows: 
r. = [(U‘S - W)/( N - W,)] x ’ I W  

where: 
H: = centrifuge moisture equivalent, %, 
W, = mass of container plus wet soil. g, 
Wz = mass of container plus dry soil, g, 
W, = mass of container, g, 
W, = mass of water, g. and 
W. = mass of solid panicle$ g. 
The final centrifuge moisture equivalent is ob- 
tained by taking the average OF the vdues 
received from the pairedsamples. 

IO. R e p  

9.1 Calculate the centrifuge moisture equiv- 

. 
= (WJW.) x IC0 

10.1 The  report shall.incIude the following: 
10.1.1 Identification of sampIe (material) 

being tested, by bring number, sample num- 
ber. test number, etc. 

10.1.2 Averageentrifuge mwkture equiva- 
lent of the specimen to the nearest 1 %. 

10.1.3 Indication of which test specimen, if 
any, water-logged. 

XI. Precision sml-Accuracy 
11.1 Repeartrbiliy-The variation between 

two values obtained in duplicate tests in the 
same laboratory shall not exceed ! percentage 

7. Test Specimen 
. 7.1 Expose the soil sample, as received. to 
the air at rwm temperature until dried thor- 
oughly (Note 3). Break up the aggregations 
thoroughly in the mortar with a rubber-covered 
pestle. Dry sieve this material on a 2.Wmm. 
sieve. 

KorE 3-If the sample, as received, has a m%% 
much greater llian required LO perform this test the 
sample can be thoroughly mixed and a umplcwtigh- 
ing abaut .SO g split out for air drying. 

7.2 Take a.5-g specimen from the material 
passing the 2.00-mm sieve after it has been 
thoroughly mixed. Material that does not pass 
the 2.00-mm sieve should not be used for this 
{est. 

7.3 Make tests in duplicate, with duplicates 
placed in cups opposite each other in the cen- 
trifuge. 

8. Procedure 
8. I Place the specimen loosely hut eveujy in 

the Gooch crucible, in which previously has 
been placed a piece of wet film p p e r  that jus1 
covers the bottom of the crucible. Place the 
crucible in a pan of distilled or.demineraliied 
water oca depth at least 5 mm greater than the 
height of soil in the cup and allow the soil to 
take up water until “saturaled.” Eight hours or 
overnight usually is satisfactory, as indicaied 
by the presence of free water covering the 
surface of the soil. Place the crucible and spec- 
imen in a humidifier for at least 12 h to ensure 
uniform distribution of moisture throughout 
the soil mass. Pour off all free water then 
remaining on the surface of the specimen, 2nd 
place the crucible in a Babcock trunnion cup 
fitted as descpbed in 6.2. Place the paired 
crucibles in Babcock cups opposite each other 
in the centrifuge. 

8.2 Control the centrifuge at a temperaturc 
20 zk I T .  Bring the centrifuge to the required 
speed within 5 min by five successive equal 
steps of the rheostat. with 1 min a1 each step. 
Maintain the centrifuge for 60 min at amnstant 
speed which, for the diameter head used, ad1 
exert a centrifugal force loo0 times the force of 
gravity upon the center of gravity of the lest 
specimen. Following this period ofcentrifu,+g 
at required speed, allow the centrifuge to come 
to rest with as little braking as possible, but not 
to exceed a 5-min time intewal. 

3 
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This article discussas the use of obsslvotion wells and pre&ure-vacuum lysimeters for 
monitoring water quality in the unsaturated zone below three sanitary landfills. It also offers 

laboratory tests on pressure-vacuum lysimeter intake rates and changes in leachate 
concentrations over time. 

- ' - 

inomas M. Johnson, 
3s Cartwright and 
jolph M. Schuller 

ioduction 
Guldellnes for the sitlng and 
Ign or landfills have generally 
tiired that waste disposal take 
:e above the zone of saturation. 
!ulatolyagencies usually require 

mall-diameter observatlon a e used to monitorchanges in 
' quality of ground water in the 
mity ofsanitary landfills. Unsatu- 
ed soils often will notyield water 
sells because moisture is held in 
? soil under surface tension at  
s-1 han-atmospheric pressures. 
us. monitorlngoftheunsaturated 
.le beneath landfills has been 
alected. By the tlmeground-water 
n tamination is detected via moni- 
.ing wells. corrective action is 
pensive and tlmeconsumlng. Be- 
use theunsatumtedzone beneath 
1;lndfill represents a buffer zone 
tween refuse and potential aqui- 
s. monitoringof this zone would 
ow for early detection of leachate 
igration. In addition. monitoring 
L' changes in water quality in the 
Isnturattd zone provides informa- 
Jn on the attenuation capacitles 
unsatunted materials and the 

les of ground-water movement, 
t t h  of whlch are very dlfflcult to 
limate. 
'Ihe usefulness and reliability of 

('1 hods for moni toting waterqual- 
unsaturated materials have eli emonstrated. but theirpncti- 

11 application in pollution control 
vgrams has been limited. Also, 
c hougli several types of remedlal 
.n&ures 'are applicable to leachate 

migration in the saturated zone, 
correctiveactions forleachatemigra- 
tion in the unsaturated zone are 
severely limited. . 
hessure-Vacuum Lyximeters 

One method of sampling soil 
molsture is with porous ceramlc 
cups similar to those used i n  tensi- 
ometers. Soi l  sampling requires re- 
peated drilllng for extended analy- 
ses: the use of soil-molsture sam- 
plers, called suction, or pressure- 
wcuum. lysimeters. allows repeated 
sample collection from a single 
insdation. 

- 

The orieinal design of the Dres- 
~~ 

sure-mcu& IysimGer permitted 
sampling only at shallow depths. 
731s lysimeterwas modified during 
several studlffi in Pennsybanlacon- 
cerning theeffectsoftheinfiltration 
ofwastewaterand the mlgrationof 
landfill leachate (Parizek and Lane. 
1970 Apgar and Langrnuir. 1971). 
Sampling at greater depths was 
achieved by the use of nvo access 
tubes and a ceramic cupattached to 
a sample accumulation chamber of 
W C  pipe which held approximately 
one llter (Figure 1). To colkt  a soll- 
moisture sample. a partla vacuum 
is applled to the sampler through 
one of the a c r e s  tubes. which is 
then clamped shut. Sol1 moisture 
held under tension moves into the 
sampler under the potential gradi- 
ent created by the vacuum, and 
water generally accumulates. When 
the vacuum Is released and p m u r e  
Is applied to one access tube. the 
accumulated water sample Is forced 
to the surface through the other 
access tube. 

In studiesoflandfills In Pennsyl- 

vania. several pressure-\racuum 
lysimeters were installed In indi- 
vidual boreholesatdepthsto 16.8m 
(55 fl.) The movement and attenua- 
tion of leachate were monl tod  by 
standard indlcatorsofwaterqu&ty. 
Apgar 'and Langmuir (1971) can- 
cluded that improperly designed 
landfills located above the water 
table in permeable materials can 
result In serious ground-water nol- 

I r -  
IuUon. 
Wood ( 1973) described a modin- 

cation of the lvsimeters used bv 
ApgarandLangmuir thatpermitt& 
the sampling of water from m y  
depthwithin the unsaturatedzone. 
The use of a cheek vdve prevents 
pressurization of the porous cups; 
in deeply placed lysimeters, pres- 
sures in excess of one atmosphere 
In thesamplerwould forcethewater 
m p l e b a c k  through thecuprather 
than up to the surface. 

More recent applicatlons have 
included the use of suction lyslme- 
ters to monitor the quaJity ofwater 
in the unsaturated zone at depttw 
to 33 m (108 ft.) below artlfictal 
mhargesitesinTeuas(Wocd. 1978). 
In Wsconsin. threc operating land- 
Nlswere instrumentedwithsuctiofi 
Iyslmeters to nionltor leachate 
migration and attenuation in the 
unsalurated zone (Gerhardt. 1977). 

Tnenlidity ofsoil-moisture sam- 
ples collected by suction lysimeters 
wllh ceramic cups is extremely 
important If the results are to be 
used for regulatory purposes. Be- 
cause some studles have indlmted 
that ceramlc cups can alter the 
chemical composition of samples. 
such samples may not be represpn- 
tativeot actual soli-moisturequdity. 

G\hlMR/FOll19al !jS 
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‘ .~ubstantialbiasand~ablil~have 
been found in soil-water samples of 

dous investigators (Hansen and 
Harris. 1975 Grover and Lamborn 
1970). Factors including intake rate. 
lugging of ceramic-cup p o r n  and a rptionandscreeningofsome tons 

pmduixd as much as 60 pemnt 
range tn sample concentrations. 
Ceramic cups contrtbuted excessive 
amounts ofCa Naand K to samples 
of .wll molsture having low solute 
concentrations and significant 
amounts of P were adsorbed on the 
ceramlc cups. Rinsing of the cups 
with dilute HCI reportedly reduced 
Na and K contamination and P ad- 
sorption to acceptable leveis. 

Dazzo and Rothwell 11974) found 
that large-scale screening and ad- 
sorption ofbacteriaby ceramic cups 
with a pore size of 3 to 8 prn Invali- 
dated their use for the analysis of 
fecal coilform. The effectlve pore 
dlameter of the porous ceramic cup 
used in the lysimeters is approxi- 
mately Ipm* which may allow col- 
loidal particles to pass through. Wolf 
l1967)found that newceramiccups 
yield several milligrams per liter of 
Ca. Mp. Na HCQI and 5101. after 
cleanlng with dilute HCI. Wagner 
11962) found no measurable sorp- 
Ion of NOJ-N. Levin and Jackson a 1977) indicated that concente- 

tlons of C a  Mg and W4-P in soil 
solutions were unaltered by ceramic 
cup samplers and that cloggingwas 
not a problem: however, their sulta- 
bllity for NO& was questionable. 

Each of the prevlousstudiesutii- 
ized solutions of relatively iowsolufe 
concentrations where the effects of 
sampling errors and samplevariabil- 
ity are significant. Despite these 
problems. soil-water samplerj are 
tiowcommonly used for monitoring 
highly contaminated soil soiullons 
such as landllUleachate.Theability 
of these samplers to obtain samples 
that are truly representative of highly 
concentrated leachate has not been 
eyamined. 

, 
NOj-N, Poc-P. Na. K and Ca by px-  

Description of the Study 
ApmjectwasundertAen toinves- 

ligate the movement and quality of 
leachate in the unsaturated zone 
txrieath sewral landlllls in Illinois 
and toevaluate methodsof monitor- 
ingsoil-moisturcand ground-water 
conditions (Johnson and Cart- 

,right. 1980). Three landfills [Fig- 

environments and disposal prac- 
lices were studied. Contarnlnant 
migration was monltored by meals 
O l  observation wells and soii-water 

56 GWMR/FaiI 1981 

@ ire 2 )  reprrsmtinpdifferent geologic 

a or polyethylenetub 

Boring (4 to 6 in.diarn 
110to15km 

Backfill material 

Bentonite seal 
Pressure-vacuum 

Ceramic tip 

Figure 1. Typical Mallatton of pressure-vacuum lysimeter. 
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le dis~hargc tub that wtends to 
ie base of the SmIp1tr. fcaS P M -  
ure [argon, nitrogen. CG. etc.1 
ould be used for sample collection: 
L-t IT1~.  riw crrrtts or t h m  gases 
n sample integrity are unknown.) 

11-moisture and gmund-water dl) Ies werecollected and andped 
)r Na. Ca Mg. Zn, K Fe. Pb. Hg. Cl. 
0,. NOS-N. NHd-N: hardness: pH: 
3t.d dissolved solids ITDS): and 
hemlcal oxygen demand (COD). 
7eld measurements ofpH. Eh. spe- 
ific conductivity. and alkalinity 
vrrealso made. lnaddltlon to water 

rrled from the unsaturated zone 
K’lleath each Iandnll were annlyzid 
o determine thelrattenuationcapa- 
)ilitles and the extent of their 
~ontamlnation by the innitrating 
rachate. 

In the laboratory study, one new 
ampler that was not cleaned (dsig- 
mted as NC in subsequent figures) 
md one sampler that was cleaned 
xith dilute hydrochloric acid and 
rinsed \vtth distilled water (desig- 
nated as C )  were placed in separate 
plastic carboys. each containing 
approxknately 15 liters of leachate. 
A constant flow of carbon dioxlde 
gaswasbubbled overtheleachatein 
3 ~ 1  elfort to malntaln reducing con- 

. 

p1ality analyses. soil sample3 col- 

ns and a constant pH. e The leachate was collected from 
a nionitollng well (BL-2) finished in 
therefuseatUlcBlackwellForestPre- 
serve landfill In Du Page County 
(Hughes. Landon and Farvolden. 
19711. This leachate was chosen 
becauseof ltsrelatlvelyhlghconrn- 
tntions of constituents and ready 
a~ailabilityofl~evolumes.In order 
tomeasure thevalidityofthelysime- 
ters for sampling trace metals. each 
leachate was “spiked with an addi- 
tiona12.5 mg/l of Pb. Hg and Cu. A 
vacuum of 55 centibars (413 mrn 
&!,)was initlallyplacedoneach sam- 
pler using a portzible hand pump. 

Duplicate samples of raw leach- 
ate were collected from each carboy 
for 10 days using alr pressure ap- 
plledwithahandpump.Onesample 
(denoted AFNC orAFClwas immedl- 
ately acidified to a pH <2.0 with 
concentrated nltric acld and. after 
centrlfuging.was flltercd through a 
0.7 p m  pore-size membrane filter. A 
similar sample (denoted FANC or 
PAC) was centlfuged, filtered and 

en acidifled prior to storage at 
.The large amount of suspended + utlculate matter in the raw leach- 

aterequlred that thesamplffibecen- 
irifuged prior to nlinilon. Samples 
ofrawleachatewerenltered through 
a 0.7 pni pore-ske membrane nlter 

In an qklempt to simulate the pore 
diameteroftheporousceramlccups 
The samples were analyzed for C a  
Mg. Na K Fe, Zn. Pb. Hg. Cu and CI. 
The mean standard deviation and 
statistical analysesof the dillemnces 
in mean concentsatlons (Student’s 
t.test)andacornparlson ofthecon- 
centration variances (F-statistic) 
were determined for lyslnietersam- 
ples [NC. C) and leachate (FANC. 
AFNC. AFC. FACI in an ellort to 
determine theen’ects on sample Inte- 
grity of the leachate passlng into the 

ate through the.unsaturated zone 
wo~occurrlniknenth thesite. F@- 
ure 3 shows a decrease of C1 In SO~I 
molstureandgound waterwith d l s  
tance from the refuse. SimllaP pat- 
temswereokwed forseveraIother 
parameters. including COD. K. Na 
and Fe. DIlutlon and dispersion m y  
be partly responsible for this appw- 
entattenuationContinued pmduc- 
tlon of leachate by the landfill was 
indicated by thelackofreduction in 
thelevelsofchlorideandCOD in the 
soil moisture. Levels or most param- 

# 

10 AI 
I 

100 10W 
9- 10 

Chloride (rng/L) 

Figure 3. Concentration of cNorld2 ln water beneuth the Savanna landflli 
March 17. 1977. 
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Geneseo Landfill ' 

The Ceneseosite issituated In a 
massive sand dune (Figure 2). The 
siteort~inallybeganoperationasan 
open-burning dump in the early 
1900s and operated as a sanitary 

drill from 1967 to 1975. Thesite 
*closed in 1975 followlngthesus- 

pected contamination of shallow 
municipal wells several hundred 
meters away. Thls study has dis- 
closed thepresenceofrelatively thiclc 

", 
m 

r 
3 

deposits of fine-grained glaclal til! 
between the landfill and the under 
lying sand and gravel aquifer (Flg 
ure 4). water levels range from 7 tc 
18 ni (23 to 59 ft.) below the base 0' 
the refuse, and regional ground. 
water flow is toward the lowland tc 
the north. 

The average volume of each 01 
the 56 samples obtained from the 
lysimeters at Ceneseo was 316 mi. 
Highly contaminated soil moisture 

aJ 
0 
c 
m 
c 
m ._ 
0 

2-1 " 
4 r 

15 

10 

0 d o 0  2dOO ' 3000 ad00 5000 6000 7d00 8000 9000 
Specific conductivity ( p h o s )  

aUy no leachate migration in 
saturated zone. 

Table 1 illustrates the m g e  
quality of ground water and s 

contamination: 
the attenuation of leachate in 

the unsaturated zone ' 
an apparent dec~ase in 

concentration of contamtnants 
ing re 
P- 
tivelys 
encorn 
leachate has migrated throu 
unsaturatedzone beneath 
flli at an average late of 1 
ft/yr) since 1967. The actu 
migration hasprobablykenp&r .-.' 4 berause much of the rerusewas not.*$ 
empiaced until 1971 to 1975. and 
the sequence of materlals beneath 
the site has caused hlghly W a b i e  
rates In movement ofsoil moisture. ..>$ 

'.- 

the unsaturated 
site reprrrjents a si 
togroundwater. M 

cant attenuation a 
resultedfrom thepr 

vided Increased Son-exchange 
capacity. A signifi&t amount of 
contaminated soil moisture pro& 
ably flows laterally at thecontact OF 

water system In 
north. However. no deterioration in%$ 
waterquality hasyet beenobserved.? 
either in surface water or shallow r a  
ground water in the lowland northfd 
of the site. The pattern of leachatew 

[he Iysimeterj also Indicated that.% 
the suspected contaminatlon of>$ 

migration that was detected with:,*j A 

municip&wrfiswas no1 due toieach- >g 
ate migntion from the Iandfill. .-9 32 
cryslal Luke Lam -;g 

The Crystal Lake landfill began& 
operation in 1973 in an abandonwJz3 
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. .  Geneseo Iandtill 
The Geneseo slte is situated in a 

massive sand dune (Figure 2) .  The 
siteorigirlallybegano~ratlonasan 
open-burning dump In the early 
900s and operated Ni a sanltary 

dlill from 1967 to 1975. Thesite 
wasclosed in 1975 following thesus- 
pccted contamination of shallow 
municipal wells several hundred 
tncters away. This study has dis- 
dosed the presenceofrelatively thick 

& 

' I  

deposlts of fine-grained glacial till 
between the landfill and the under- 
lying sand and gravel aquifer (Fig- 
ure 4). Water levels range from 7 to 
18 m I23 to 59 ft.1 below the base of 
the refuse, and regional ground- 
water flow Is toward the lowland to 
the north. 

The average volume of each of 
the 56 samples ohtalned from the 
lpsimetcffi at Geneseo \vas 316 mi. 
Highly contaminated soil moisture 

- -  
Refuse 

.- 

portion of the site. Less con 

contamination: 

the unsntunted zone ' 
the attenuatlon of leachate i - an aPparent d- in the$ ' A Y  

concentration o f c o n m i n a n t s  &+,$ 
Ing released by the refuse .Mq& 
parametem such asCOD,w& rela:@ 
tiwlystable over thetwo-yearperiod-& 
encompassed by thisstudy.Fmbably4 
leachate has migrated thmugh t h y  
unsaturatedzonebeneath.theland. Ij .j: 

n u  at an average rate of 1 m/yr (34 
ft/yr) since 1987. m e  actual late of :;& 
because much of the refusewas 
migration h a s  probablykn@aer b+y 
enipland until 1971 to 1975. and 4 
the sequence of materials beneath.4 
the slte has CZUGXI highly variable <?$ 
rates in movement ofsoll moisture. :;& 

Soi1:motsture samples from .,% 
Genexo Indicated the .expected ?g 
e k t s o f w a s t e d l s p o d  Inaperme-+J 
able medium. The highly contami-;$ 
nated leachate migrating through '4 
the unsaturated zone beneath this 4 
slte represents a significant threat 

cant attenuation appears to have@ 
resulted from thepresenceofalayerz 
of fine-grained glacial till that has  
restricted vertical migrationand pro- 
vided increased ion-exchange. 
capacity. A significkt amount of 
contamlnated soil moistuw prob: 
ably flows laterally at the cbntact of 
thesand with theunderlyingglacial 
till. ultimately enterfng theground- 
mter  system in the lowland to the 
north. However. no deterioration in 
water quality hasyet been o b s e d . % $  
either in surface water or shallow 
ground water in the lowland north 
of the site. n l e  pattern of leachate 
migratlon that was detected with. 
the IjTImeters also indicated that 
the suspected contamination OF. 
munlcipalwdlswas not duetoleach- 
ate migntlon from the landfill. 

crystal Laka Landtill 
The Crystal Lake landllll beg 

operation in 1973 in an abandoned 

~ _ _  .. . 



Ca 

wl 
Na 
Pb 
Z" 

3.760 53 54 
240 0.6 . ' 0.8 

<.2 ppb <:2 ppb <.2 ppb 
17 0.4 1.7 

120 18 59 
1,260 18 31 

<Ol <.01 <.01 
0.17 0.01 0.06 

Alk ICaCO,lb 9,410 210 352 
CI 3.583 31 56 
COD 8,898 6 467 
NH4.N 11 0.0 - 
NO3.N 7 0.2 1.5 
pHb 7.05 6.05 7.70 
scb 7.000 525 750 
so, <.01 35 12 ' 

TDS 10.186 537 480 

aExcept Hg Ippbl. DH, and SC Ijbnhosl. 
bField mseruramont. 

gravel pit (Figure 21. An artificial 
rlayiinerbenealh the rrfuseconsists 
of approximately 61 cm (2  ft.1 of 
sandy glacial till from the adjacent 
spoil piles overlylng a I-cm 1.5 in.) 
layer of bentonite clay spread over 
the underlylng sand. Although the 
glacial t i l l  contafned some silt and 
day. i t  also contained much sand 
m d  many cobbles and boulders. 
which were not removed prior lo in- 
st'tllation of the liner. A leachate 

ection system consisting of 
erdnin  pipe 15 cm (6 in.) in 

Iiiii-r and led into a bentonite-lined 
I:igoonat thewestendoftherillarea 

ci 1 imnrter was installed above the 

IFigure 6). 
Waterievelsran~efrom7to 10m 

123 to 33 ft.1 below the refuse. The 
materials in this zone consist pre- 
dominantly of very silty line sand. 
The site is underlain by approxi- 
mately 75 m (245 ft.) ofglacial drift. 
Water-yieldingsand andgravel units 
within the drift and the underlying 
Silurian dolomite are important 
aquifers in the area 

Thelinerand underdrainsystem 
were dcsigned to collect leachate 
accumuialing ai the base of the 
refuse and divert i t  to the collection 
pond to be recovered and treated. 
However. during the elghi years 

I...__ ."._ 
pipe h&yleldeh water only during 
heaw rainfalls. Although three to 
sLxyi-m may gencnlly be required 
for refuse to reach field capacity. a 
well at the base or the refuse indi- 
cated asaturated zoneofleachateat 
least 1 m (3 ft.1 thick overlying the 
liner. The rapid rapon% of the 
underdrain to precipitation events 
indlcatcs that water isable toenter 
and flow through the refuse. AI- 
though a portion of the lnnltration 
Is dlrrrted into the leachate collec- 
tion system. the remalnder is ab- 
sorbed by the refuse or percolates 
through the liner. 

Theekctiveness of theclay liner 
could be evaluated only by measur- 
ing the quality of soil moisture 
migrating out of the landfill. because 
samples collected from wells at the 
sileshow no indication ofcontami- 
nation. The lysimeters installed be- 
neath the clay liner clearly Indicate 
thepresence ofmntamlnation: how- 
ever. the extremely low volumes of 
samples indicate low contents or 
soil moisture compared to that in 
similar materials adjacent to the 
rcfuse.Theave~evolumeofall the 
Iysimetermples was 330 ml. Con- 
taminated soil  moisture was found 
below the liner: comparison wlth 
the quality of leachate above the 
liner indicatrs some attenuation of 
many const i tuents  migrating 
through thelinerand theunderlying 
silly sand (Table 21. 

Lyslmeters installed adjacent to 
the refuse also indicated the pres- 
ence of leachate migration. Concen- 
trations of most parameters insoii 
moisture dereased with distance 
from the refuse to approximateback- 
ground levels at a distance of7.6 m 
125 ft.1. infiltration and attenuation 
processes adjacent to the refuse 
probably limit the effects of the 
lateral migration ofieachate:ci con- 
centrations have been reduced by 
95 percent at a distance of 3 m [ io  
ft.1 from the refuse. However, in soli 
moisture beneath the refuse at a 
depth of 1.5 m 15 ft.1. CI concentra. 
tlons have been reduced by only 10 
percent ofthat in the raw leachate. 

Results of the Laborcrtory 
Study 

There have been no detailed 
experiments to evaluate the valldity 
of samples of highly contaminated 
leachate collected with pressure- 
muurn h~irneters.Thispreiiminq 
laboratory study way designed to 
deiermine any significant changes 
thatmaybecaused intheeoncentra- 
tlons of several major constituents 
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Contaminated Uncmtaminatsd Ground m.. 
Loaehato soil rnolntura soil moiswrw , 

HB < .2 ppb < .2 ppb < .2P* 
K 650 46 0.5 

i 

1,660 93 
1.030 220 

I! 
. ., 19 19 2 

7 .I ' 2  
Pb 0.4 < .01 
Zn 46.5 

- -  
TOS 22.900 3.664 

Except Hg bob).  pH.and SC Ipmhod. a 

bField measurement. 

.. q 200 240 r . ,  

16 6 1 .  
Alk lCoCOJlb 11,800 060 
CI 1,602 750 
COD 32.000 440 5 4 
NH4-N 13 . o n  

"$ 
". 

7.9 38 0.3 3.3 ,$ 
5.85 7.40 ' 6.35 7.48 3.9 . ,  12,000 3,400 700 520 

SO" 992 250 73 40 

in samples of landfill leachate by 
collection in pressure-vacuum 
lysimeters. 

In the laboratory study. the In- 
ke rate and hence. volume col- a ted fromeachlyslmeter.dec~ed 

steadily with time. The decrease in 
intake rate. or cup conductivlty. is 
illustrated In Figure 7 as volume 
collected per unit time per atmc- 
sphere of applled vacuum. During 
the first five days, the intake rate of 
each sampler decreased rapidly 
subsequently. the decrease. al- 
though steady, was at a much lower 
rate. 

The effects of acid treatment of 
the ceramic cup maybe reflected by 
the consistently larger sample vol- 
umes and Intake rate of the acld- 
cleaned lyslmeter. Thls experiment 
Indicated. however. that theseeffects 
appear to decrease with time when 
In contact with the raw leachate. 

The decrease in yield of the Sam- 
plerswaspmbablytheresultofclog- 
glng of the small pores on the exte- 
riorof theceramic cup bysuspended 
particulates in the leachate. Mlcro- 
blal growth also may have contrib- 
utcd Lo cloging of porn.  This de- 
crease in yield. however. was not 
observed during lield studies uslng 

e n t i d  lysimeters. Sample volume a hrnajned relatively constant from 
saniplersateachofthe threelandfill 
sites. The suspended particulate 
Inatter primarily responsible for 
cloging of the ceramic cups Is easily 
removed from leachate during 
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C 
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0 

Total elapsed time ( h r )  

Figure 7.. Intake rote (cup conductfvlty) of acldclsaned and uncleaned 

migration through sediments be- 
neath alandfill.Although mlcroblal 
growth and plugglng by colloids 
may still occur following migration 
through soils. these dld not mark- 
edly deet the field performance of 
lysimeterv during thls study. 

Although each container ofleach- 
ate In i tlally con tained a t  least 

lysimelem In l a n U  leachate VeKUS eICW& time. 
25'mg/l of Cu. Pb and Hg.no C u  or 
Hg was detected in any of thesam- 
ples collected in the lysimeters Pb - 
wa9 present in steadlly decrraslng 
amounts only in samples of raw. 
leachate that were acidified prior to 
filtratlon. Apparently, these t 
dementswercadsorbedonto paticu- 
late matter in theleachateorprecipi- 
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0 - AFNC-Leachate (acidified, filtered) 

I \  L4 - FANC-Leachate (filtered. acidified) 

5.0 ! 
0 40 80 120 160 200 240 

co 

1650 

e 1600 
s 
3 1550 

1 

z 1500 
2 

- - 
a - 
2 

3 

- 
3 
I 1450 

1400 

1350 

Total elapsed time (hr) 
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- FANC-Leachate (filtered, acidified) 
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Total elapsed time ( h r )  
&jned frorncmuncleanedlysimeter 
leachate during a 24C-hOuT period 

contained 1evelsofZn velysimilar tc 
that of the ~ a m ~ l e ~  of flltercd-acldl. 

itcd and progresslvdy settled Out 
r the suspension. Flltratlon 

11 ough a membrane filter or a 
nlc cup efkctively removed all 8 icles cantainlng adsorbed Pb. 

Concentratlonsolzn Insamples 
( raw leachate decreased steadily 
dth tlme (Figure 81. For approxl- 
, ~ i t d y  the f i rs t  190 hours. samples 
ram the uncleaned lysimeter (NC) 

fled leachate (Fh21. The reason for 
the change alter 190 hours Is un. 
known.Although Zn concentrations 
appeared todecrewevdth t h e a n d  
exhlblted marked fluctuations 
results of statlstlcal tests Indicated 
that therewere no slgnflcant differ, 
ences between the means or thc 

I '  

varfance~ of ly-slmeter samples and 
raw leachate from the same mn- 
talner.ThesteadydeaeseofZnwn- 
centratlcns in leachate wlth ttm 
p r o b a b l y ~ f l e c t s t h e p m ~ l ~ ~ t -  
tllng out of particulate matter con- 
talning adsorbed Zn 

Total Feconcentratlomwcnwry 
hlgh and fairly consistent inall sam- 
ples (FYgure 9). The iron was pre- 
sumed to be virtually all In the 
ferrous IFe'*) state owlng to the re- 
ducing conditions of the leachate 
The results indicate that the lev& 
and variatioq of Fe observed In NC 
lysimeter samples were In general 
similar to those of the raw leachate 
belng sampled. Fe concentrations 
In samples from the cleaned hptm- 
eter were quite varfabler however, 
the mean coneentntion was nearly 
idenltcal to that of FAC leachate. 
The varlablllty of Fe observed In 
lysimetersamples may haveresulted 
from theuseofanairpumpforsam- 
pling.Theintroduct1onofafrto the 
samples may have resulted in partial 
oxldation and subsequent precipita- 
tion of the Fe from solution. 

The remainlng constituents 
observed In the leachates included 
C a  Mg. N a  IC and CI. The concentxa- 
tions of each of these constituents 
weregenerally very high.represcnta- 
ttve of leachate only a few years old. 
The variation of chloride from the 
NClyslmeterwith tlme isahown In 
Figure 10. In general. the data indl- 
a t e  a great deal of slmllarity be- 
hvecn thelyslmetnand rawleachate 
samples. Mean cancentrattons and 
standard devlatlons for lysimeter 
samples closalyappmxlmated those 
of raw leachate samples. Although 
significant dlfferences were found 
behveen the variances of NC and 
FANC concentratlons of Ca Na K 
and Fe. no sIgnIficant dlffetmces 
were observed between mean con- 
centrationsin NClysImetersamples 
and FANC leachate samples. Differ- 
en- In mean concentratlons from 
the acid-cleaned lysimeter (C) and 
FAC leachate samples were in gen- 
eral not significant 

Al though some degree ofsnrption 
and screenlng of ions undoubtedly 
occurred on the ceramic cup, the 
effects appeared to be negligible cam- 
p a d  to the concentrations of sev- 
eral major Ions in the leachate. No 
conslstent. signlflcant dlfferences 
In concentrations were found be- 
hveen lysimeter and raw leachate 
samples that could be attrlbuted to 
sorption or screening by the lysim- 
eter.Toreduce theposslbleeffectsof 
the ceramlc cups on samples, it is 
genenlly recommended that new 
samples be rinsed first wlth at least 



.' i ,  
l'liter of appmxlmatdy8N HCI and 

. : then rinsedwith distilledwater (10 
to 20liters). Samplesfrom Ipimeters 
i t1  this experiment were generally 
very representative of the sumund- 
ing leachate composltion of several 

jor ions: however. more detailed e . -peements are requircd to accu- 
rately determine the abllity of 
ceramic-cup samplers bo obtaln 
representative concentrations of 
constituents In contaminated 
solutlons. 

Discussion of Waste Disposal 
in the Unsaturcrted Zone 

The impllcatlons of waste dis- 
posal and leachatecontrol in unsatu- 
rated materials have only recently 
become of concern to hydrogeolo- 
gists. Whereas the factors that con- 
trol saturatedgmund-water floware 
reasonably well known to geologists 
and englneers. the laws governing 
unsaturated Ilowaremmmoniymis- 
understood and mlsapplled. The 
unsaturated component of the 
ground-water flow system Is 
neglected in most hydrogeologic 
studies. 

A frequently encountered hy- 
pothesis states that leachate will 
not fomiormigratefromsolidwaste 
empiaced above the zone of satura- 
ion.Tliis study and others. however. 
ave shown that lnflltratlon will 

result inleachatemigration through 
unsaturated materlals beneath 
\vaste disposal sites in humld cli- 
mates. Although this zoneofpartial 
saturatlon isgenerallyagood buller 
zone. the monitorlngand control of 
leachate can be difficult Whereas 
rclniivcly simple techniques. such 
as wells. commonly can be used to 
remove and renovate contaminated 
ground water in saturated materials. 
such methods are genenlly not 
applicable to cases ofextensive soil- 
moisture contamlnatlon indicatiw 
ofimrninent groundwater pollution. 
Were the underlying unsaturated 
materialsare thlck. themigrationof 
the hazardous pollutant usually is 
delrclrd later thanatsltesneareror 
txiow thewater tableand correction 
can be more involved and costly. If 
liir surrounding solls are sufn- 
cicntly fine grained to provlde ade- 
quate renovative capabilitles. dis- 
posal above the water table would be 
o l  Iimlted concern: however. lhose 
arcas that have a well-defined. deep 
water table are generally underlain 
)y coarse-gralned niaterlals that 

'drain ground wnterand. potentially. 
leachate from the sitc. 

L3ndflll liners and leachate col- 
lection systems arc also generally 
designed for use in a saturated sp- 

a tern where ground-water flow 
through flne-grained materials is 
restrlcted, and water easily flows 
intoagraveldraln fromwhlchitcan 
be pumped for treatment. In unsatu- 
ratedsoils. however. Infiltration may 
actually bypass a leachatecollection 
system. especlally If the collection 
~stemconsistsofanarrow.coarse- 
gravel drain overlying a \vide liner 
with a low hydraulic conductivity. 
In partially saturated soils. water is 
held under tension in progressively 
smaller pores: as water contents 
decrease. tension increases. Thus. 
the large pores ora gravel drain are 
the first to be drained wfth partlal 
dewatering and the last to be filled 
upon rcwettlng. Hydraulic conduc- 
tivityalsodecreases\th a reduction 
in Saturation to the point whem i t  
approaches zero in the absence of 
water4lled pores. 

InRltration through the surface 
of the landfill will raise the water 
content of the cover and refuse: 
however, saturation is not required 
fordownward movoment toward the 
water table. In partially saturated 
soik.soil molsture may move prefer- 
entially through fine-grained mate- 
rials whose predominanLly small 
pores remain fillcd with witter. An 
adjacent gravel drain on the other 

- I hand. contalns a few large pores ..r 
that requlre nearly total saturation .,G 
before soil moisture will enter. h :?$ 
unsaturated materials, therefore. a 
sump or gravel drain may be dry, 
butflowmybeoccurrin&andleach-. 
ing. although at  limlted rates. may .% 
becausing themigratlonofcontaml- .:&j 
nants from the refuse toward the -3 
water table. ,% 

' 
The chemlcal analyses of sam- :g 

ples of sol1 moisture collected with $ 
pressure-vacuum lysimeters indl- :.$; $ 
cated the presence of leachate con- .-*' 
tamination beneath each landfill $ 
studied. The majorityofthe monitor- 3, 
ing wells a t  these landfills have not -p 
been affected by leachate. Contaml- .+g 
nation by leachate was  detected 3 
almostsolelybysamplesofsoil mois- <g 
lure. Given enough time and more .* 
careful placement of monitoring y. 

tarninailon of ground water prob- 
ably will be observed. The Impor- -3 

i$ 

s u m p  . .& 

weilsat theselandfllls. however.con- .% & 

-& 

.. . - _. 



iibseqyent bringwould havebeen 
;ecessary to define changes in sofl- 
.$der chemistly-an'expensive and 

* !pe-consumlng process The pns- 
,irre-mcuum lysimetersused in this 
.tudy have the advantage of provtd- 
<i.c soil-water se.mplc6 continuously 

repeatedly from unsaturated 
&rials. 
-ere are several limitations in 
he use of pressure-mcuum lysim- 
ters. The relatively small sample 
olumes I500 ml or less) limit the 
.election of parameters for chemical 
malysis. The ceramic cup may alter 
he cumposltion ofsamplesand plug- 
'ing of the ceramic cup pores may 
educe the volume of the sample. In 
.ddition. sampler failure is. for all 
iractlcal purposes. irreparable. Prc 
{minary iaboratoly results indicate 
hat lysimeters may be guitable for 

lighly contaminated landfill leach- 
ite: however. no detailed experi- 
nents on valldity of samples have 
x e n  completed. 

Regulations resulting In the In. 
wased useof theunsaturatedzone 
or waste disposal should consider 
he implicationsofunsaturated flow 
I~rough and b e n e n t h ~ m t e d l s p d  
,ites where standard ground-water 
iionitoring techniques are notappli- 
.able. The development of eKective 

ures to monitor the unsatu 
zonewlll benecesaiytoimple- 
an adequate monitoring pro 

?;ram. Further research Is alsc 
ntpded to evaluate the effectivenm 
;fgravel drains andlandfilllinenm 
'rachate collection systems In un 
iaturated materlals. 

Wention of trade names in thl? 
articledoes not imply endorsemen 
bg the Ground Water kfonitorin: 
h'euiew. lllinols State Geologica 
Survey or sponsoring agencies. 
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Reviews available leach detection methods and describes the author's new 
grid leach detection system. 

by Victor R. johnson Jr. 
:;$. 
"," 

Introduction .. . 
"Icomebeforeyoy todaywith the 

distressing news that one of this 
nation's.most vast  and  vital 
resources' (ground water) is in  
serious jeopardy," said E c h d t  C. 
Beck, assistant administrator for 
theU.ScEPAon July25,198O,before 
the House of Representatives Envi- 
ronmental Energy and National 
Resources Subcommittee. 

This congressional subcom- 
mittee, after studying ground-water 
contamination problems in the 
United States, concluded that 
"ground-water destruction will be 
one of the most serious environ- 
mental problems of the 1980s" and 
that "thedestruction ofournationk 
ground water will continue unless 
we move immediately to locate all 
potential sources of ground-water 
contamination and take action to 
block the further 8 ow of toxic sub- 
stances into the g rounu  In the 
NationalAssessment of the Ground- 
Water Contamination Potential of 
Waste Impoundments. Silha EJ 
Brasier, (19801 found the following: 

0 More than 70 percent of the 
industrial impoundments (esti- 
mated 176,647111 theunited States) 
are unlined. thereby potentially 
allowing contaminants to infiltrate 
unimpeded into the subsurface. 

Less than 20 percent of the 
sites have any ground-water moni- 
toring, and only one-half of those 

th ground-watermonitoringregu- 
e l y  are sampled. This means that 

nearly 95 percent of the sites are 
virtuaUy unmonitored for ground- 
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water contamination. 
This article will provide a dis- 

cussion of the technology currently 
available for monitoring the effect- 
iveness of ground-water protection 
systems commonly being used at 
cyanide leach mining sites. Few 
mining projects are located where 
natural geologic hydrogeologic con- 
ditions are such that there is no 
possibility ofground-watercontami- 
nation. Consequently, most cyanide 
leach mining sites need engineered 
ground-water protection systems 
such as natural and/or synthetic 
liners, as well as leachate detection, 
collection and treatment equipment. 

One of the first elements of 
designing effective ground-water 
protection systems is a good under- 
standing of the technical theories 
behind each potential system 
compnnent 

Permeability 
Permeability is a measurement 

of hydraulic conductivity and is 
used in the design of natural liners. 
The basic permeability theory 
(Darcy's hw-1 was developed for 
saturated soil conditions. For un- 
saturated soils, the theory is not 
totally applicable. For example, in 
the case of soil liners, when satu- 
ration drops below 100 percent (the 
usual field condition). the soil 
imbibes air and the pore water 
abandons larger pores in favor of 
smallerones. Flow channels become 
constricted and more t0rtuous.As.a 
result, hydraulic conductivity de- 

creases with decreasing saturation. 
The US. EPA recognized the com- 
plexity of permeability testing and 
did not define how to perform 
permeability tests in the Resource 
Conservation and Recovery Act 
IRCRAI. Currently, the minimum 
permeability test results for soil 
liners have beemmandated by fed- 
eral regulations, yet the test pro- 
cedures have not been specified. 
Consequently, several testing pro- 
cedures are used throughout the 
country with only moderatetest-to- 
test correlation of results. 

Permeability measurement is 
further complicated by several in- 
herent factors which often lead to 
significantvariations in test results. 
Such factors indude: 

Alteration of clay chemistry 
may affect conductivity. Wilkinson 
(19691 found a 100-fold difference 
in hydraulic conductivily, depend- 
ing upon whether the permanent 
fluid was distilled water or natural 
pore water 

Air in-the sample can lead to 
reduced conductivities (Smith and 
Browning 1942) 

e Micro-organisms maygrow in 
the soil, plug the voids and reduce 
the conductivity (AUison 1947) 

Use of an excessive hydraulic 
gradient may lead to migration of 
individual grains of soil. and to 
modified .conductivity (Gairon and 
Schwartzendruber 1975) 

The accuracy of conductivity 
results canvary ifsmearzones form 
when trimming samples or voids 
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a i n  the sample during its 
.) preparation 8%) 0 Conductivity is variable with 

regard to vertical and horizontal 
flax direction 

* Correlation between in situ 
eabilities and laboratow per- 
ilities normally vary signifi- 

Permeability measurement is a 
useful tool in the design of liners 
and ground-water protection sys- 
tems. but  the designer should 
understand that it is a test with 
significant inherent variables. 

Monitoring 

thirty times as 
exists within 

half a mile of the e m h s  surface 
aj is contained in all US .  rivers and 
Ides. A common misconception 
about ground water is that it moves 
rapidly. Actually it‘moves at rates 
ranging from afewfeet per day to a 
few feet per decaddKonitoringwells 
Xrhich intersect groundwat6pnder 
leach mining operations have ha- 
ditionally been:;the primary indi- 
cators ofanygroynd-watercontami- 
nation. Unfortunately. monitoring 
nrll design and usage is not an 
absolute science. The folIowing 
factors relating to monitoring wells 

d be considered: the extremely Y rate ofsubsurfaceliquid move- 
ment often results in a time lag of 

+. rears from the initial time ofleakage ,i io interception byamonitoringwell. 
,$ This time lag results in significant 
‘3 subsiirfacesoil volumes being con- 
3 taminated before the monitoring 
.‘2 well detects the pollutant. Recently, ..z 5325,OOOwasspentonremovaland 
$ disposalofcontaminatedsoilunder ,$ a liner before RCRA EP Toxicity 
: tests could even be started to 4 determine the extent of contamina- 
f. 
..$ tion of the remaining soil: improper 
1 installation of monitoringwells can 4 introduce minor amounts of pollu- 

Cants into the ground water. Al- 4 though these pollutants are not 
3 normally significant from a health 
!$ Standpoint they may invalidate or 

coqfuse the interpretationofmonit- 
-4 o ing  well results. For example: 8 . e m e n  monitoring wells are 
4;- Installed with.rotaq drilling fluids 

containingpolymers. the polymer is 
often detected in water samples 

When glue is used to solvent- 
!veld synthetic well casing joints 

thecomponentsoftheglue 
ften identified in the sampling 

PVC well casing is sawed 
to make screens, shavings can pro- 
vide a source for chlorinated 
compounds 

-I 

* Hydraulic oil leaks from a 
drilling rig’s hydraulic system as 
well as grease used for auger thread 
lubrication may also be detected in 
sampling: 
the cost of the installation of a 
minimumoffour highqualitymoni- 
toring wells, one upgradient and 
three downgradient. for a surface 
impoundment or landfill under 
Section 265.91 of RCRA may be in 
therangeofseveral thousanddollars 
per well. haddition to capital costs 
ofmonitoringwell installation, there 
is the added cost of meeting RCRA 
Section 265.92 requirements for 
analytical testing, which includes: 

0 Testing for the 21 parameters 
characterizing the suitability of the 
ground water for drinking 

Testingfor the six parameters 
establishing ground-water quality 

Testing for the four para- 
meters used as indica.tors.ofground- 
water contamination using four 
replicate measurements per para- 
meter foreach test. 

Recent cost estimates for the 
first year’s analytical costs for four 
monitoring, wells run close to 
$10.000. 

Furthermore, there are costs in 
collecting the samples. Today’s 
highlysophisticated analytical tech- 
niques require sophisticated sample 
collection. Many pollutants can be 
inadvertantly masked, even in well- 
‘designed monitoringweIls,through 
improper sampling techniques such 
asusing unclean samplers, failing 
to stabilize samples if analytical 
work cannot commence quickly, etc. 

Finally, there are costs incurred 
in developing the ground-water 
sampling and analysis plan man- 
.dated in RCRA Section 265.92. in 
developing theground-water assess- 
ment plan mandated in RCRA 
Section 265.93. and in meeting the 
record keeping and reporting 
requirements in RCRA Section 
265.94. Clearly, monitoring wells are 
an expensive ground-water evalua- 
tion system. This analysis of moni- 
toring wells is  intended to create an 
awareness ofsome of theirpotential 
deficiencies. 

Lysimeters 
Lysimeters areused for detecting 

liquids in the unsaturated or par- 
‘tially saturated zones of soil. Moni- 
,toring the unsaturated zone is 
desirablebecause it allows for earlier 
detectionofleaks froman impound- 
ment or  landfill. Correction 
measures may then be implemented 
earlier and the amount of soil con- 
tamination may be minimized. 

A lysimeter is a porous ceramic 

cup to which liquid migrates from 
the unsaturated or partially satu- 
rated soil zone when a vacuum is 
created in the cup. The lysimeter is 
subsequently pressurized and the 
liquid is forced to the surface for 
collection and analysis. Unfortu- 
nately. as with permeability testing 
and ground-water monitoringwells, 
lysimeters are not without some 
inherent drawbacks. Specifically, 
the following operational problems 
have been historically experienced 
.- The porous cup has a high 
potential fsr plugging 

0 When thelysimeteris pressur- 
ized to force the sample to the 
surface, this same pressurization 
can force the liquid back out of the 
D O ~ S  CUP, thus reducing samule 

I 

iolumes 
* Only relatively small volumes 

of liauid can be obtained from 
common.size lysimeters, and thus 
some tests which require large 
samplesizes cannot beundertaken. 
In addition. the cost of sampling 
and analytical testing samplesfrom 
lysimeters is very expensive 

The effectiveness oflysimeters 
which have mechanical check valves 
or other mechanical arrangements 
to stop the exfiltration during re-, 
pressurization hasbeenlimited due 
to history of corrosion problems 

0 Lysimeters, as with monitor- 
ing wellsare notable to identifl the 
exact location of the leak 

Some elements originally 
present in the ceramic cups may be 
dissolved by the ground water and 
constituents in the .ground water 
may be absorbed or screened by the 
ceramic materials (Grover and 
Lamborn 1970). 

.Lysimeters serve an importent 
role in ground-waterprotection,but 
as with permeability testing and 
monitoring wells, they have limi- 
tations. 

Leachate Collection SyStem 
A leachate collection system is 

used as a leak detection System 
beneath impoundments and land- 
fills. Some drawbacks to a leachate 
collection system are: 

6 They tend to plug with time 
* They areunable to identifythe 

location of a leak. and c q  identify 
only that a leak has occurred 

* They are expensive to install 
and require daily inspection (RCRA 
Part 264.226) 

They require expensive sampI- 
ing and analytical costs in order to 
differentiate between pollutantleaks 
and normal uncontaminated 
ground water which often is also 
present in the collection systems. 
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Leachate collection systems are 
duable  as a ground-water protect- 
ionsystem, but their inherent draw- 
backs should be understood to 
make full use of the system. 

Grid Leak Detection System 
(Patent Pending-Serial 
Number 201,841) 

A new leak detection system has 
been recently developed by the 
author. When used selectively. such 
a system can be another valuable 
approach in the design of ground- 
water protection s-ystems.The basic 
design assumption of the grid leak 
detection system is that when leak- 
age migrates through a liner and 
into thesoilSunsaturatedzone. it is 
often corrosive to metal or will 
degrade certain organic compounds. 
For example. hydrocarbons may 
degrade natural rubber. The corro- 
sive nature o f  the leakage is em- 
ployed to;attivate a grid of coated 
andlor uricoated Wiye placed under 
the liner. The corrosion of the wires 
or wire coating quses.accelerated 
changesp the electrical properties 
(resistivity, voltage. change, etc.) of 
the \vi&-s. These electrical property 
changes are detected through the 
use of a dataloser which can send 
an erectrid current through the 
wiresand then measureany change 
in their electrical properties. In the 
case of large leaks of very corrosive 
materials, the grid wires would be 
totally corroded away, and an open 
circuit would occur. This effect can 
also be detected by the data logger. 
Due to the grid configuration of the 
wires. the datalogger can detect the 
exact location of leak occurrence. 
This leak location ability is,ex- 
tremely important in the case of a 
synthetic liner covered with soil or 
ore. for example. 

In the case of hydrocarbon leak- 
age. thewireconfiguration isslightly 
different. The initial wire is coated 
withnatural rubberorotherorganic 
compounds which would be rapidly 
degraded by hydrocarb0ns.A second 
wire is then coiled in a helix around 
the first wire so that when the 
hydrocarbon degrades the coating 
on the first wire it will, in effect, 
complete a circuit. The completed 
circuit will be detected when the 
data logger sends acurrent through 
the inner wire and receives i t  
through the outer helix wire. 

Soil chemisty and natural soil 
moisture conditions will havesoine 
effect on the electrical properties of 
the wires. Consequently, it is advis- 
able in most cases to place a refer- 
ence wire grid adjacent to the 
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impoundment or iandfill. This pro- 
vides an indication of the degree of 
natural deterioration of the wires. 
Since thegridleakdetectionsystem 
is designed to identify significant 
changes in grid wire electrical 
properties. natural wire deteriora- 
tion should not create a significant 
problem since the electrical refer- 
ence baseline of the wires can be 
adjusted accordingly. 

If highly corrosive leakage does 
occur regularly, it is obvious that 
the grid leak detection system 
cannotremain in useyearafteryear 
without repair or partial replace- 
ment. 

Thegrid wirescan beadhered to 
woven ornon-woven geotextiles and 
then the geotextilescan be layered 
overeach other in amannerso that 
thewires will not come into contact 
with each other and give false 
readings. It has been found that 
there is no detectable heat buildup 
in geotextiles when 24.0 volt (8.8 
amp) dry cells are used as energy 
sources. An alternative method of  
installing the wires without the use 
ofgeotextiIes is to place thewires in 
a sand blanket with proper separa- 
tion (4 to 6 inches). 

Grid wire size normally varies 
from household size wire (12 to 16 
gauge) to large ( 1/4 inch or morel 
size wire. The smaller wires adhere 
more easily to geotextiles. which 
simplifies field installation. but they 
have shorter initial system lives if 
highly corrosive leakage regularly 
occurs. Larger diameter wires are 
more difficult to install. but have 
significantly longer initial service 
lives. 

Table 1 offers the results of 
laboratory analysis performed to 
determine the rates of corrosion of 
small-diameter wires (0.040 in. 
diameter) in 5 percent solutions of 
various chemicals. 

These results indicate that differ- 
ent metallurgical composition of the 
wires in the grid can extend the 
flexlbility ofthe detection system as 
required for impoundments which 
change chemical streams dramati- 
cally during their service life. 

The grid leak detection system 

has other potential applications 
such as: vertical installation in 
bentonite slurry trench walls where 
"windows" in the slurry trench wall 
can be a source of horizontal poUu- 
tant migration: installation around 
pipelines since pipeline leaks often 
migrate through the penrious bed- 
ding material making identification 
of the leak location extremely 
difficult: installation under under- 
ground tank installations which 
have the same inherent leakage 
problems as pipelines: installation 
in the sand or gravel under above- 
ground storage tanks for leak detec- 
tion and location identification for 
repair: and installation under lined 
mine-tailing impoundments from 
which any hazardous liquidleakage 
creates corrective problems due to 
the usually large .depth of tailing 
waste over the liner. It should be 
noted that many of the new mining 
processewecyanideas themethod 
of leaching precious metals out of 
ore. and this practice has raised the 
degree of hazard in mine tailing 
waste. 

The grid leak detection system's 
advantage of rapidly detectingleaks 
and theirlocationswithout theneed 
for sample collection and chemical 
analysis makes it a valuable new 
ground-water protection system. As 
with the other system reviewed. 
the grid leak detection system has 
its vulnerable aspects whichshould 
be taken into consideration during 
design. 

Water Samplingfor Cyanide 
Water sample collection and 

analysis is  usually performed to 
augment the previously described 
pollutant detection techniques: the 
analysis of a sample to precisely 
determine its level of cyanide is 
commonly performed. "Standard 
analytical methodologies for the 
determination of cyanide in water 
have been demonstrated both by 
inter- and intra-industry studies to 
be both inappropriate and impre- 
cise. Theyae inappropriatebecause 
they do notdistinguish between free 
and complexedcyanidethusleading 
to potential overestimates of the 

Table 1. 
Chemical 

Diameter @ Type of Wire NaOH HCL mo3 
0.040" Aluminum 8 hrs. to 3 hrs, to No change in 

failure failure 36days 
0.040 Copper 40% dissolved 4 days to 2 days to 

in 36 days failure failure 
0.040" Steel No change in 2 hrs. to 1 day to 

31 days failure failure 
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neL 
. . orential for free cyanide in water. 
f%bey y e  imprecise because they do 

not give statistically reliable free 
cmnide estimates in the low pgll 

methodologies have been 
ped by industrysomeofwhich 

are currently used on a limited site 
specific basis. This is an important 

there is'soundscientific 
evidence that free cyanide and 
complex cyanides should 'be con- 
sidered separately for the purposes 
of setting water quality criteria and 
standards .and for regulating cya- 
nide discharges." [Ecological 
,\nalysts Inc. 1979) 

For purposes of discussion "free 
cyanide" is the summation of 
molecular HCN and. the cyanide ion 
LHCP;+CN-l in aqueous solution. 
This termisused irrespectiveofthe 
source of free cyanide in water 
esceptwhenused indescriptionsof 
analytical technip& which must 
estimate the free-de pptential 
of various sources. "Complex 
amide." on the other hand, refers 
rb a cyanide cobpound IGhich dis- 
associates in water to acation and 
an anion comprised of two or more 
different molecules. one of which is 
cyanide. The. anion is termed a 
c~mp1exion"dnd issubjectto further 

! -  Anumberofpromisingalter- 

rected at determining safe levels of 
free cyanide, primarily as HCN in 
the aquatic environment (Ecological 
Analysts Inc. 19791. Data are avail- 
able from laboratorybioassayswith 
aquatic organisms testedat contin- 
uous exposure levels of molecular 
HCNasIowas0.0052m~ (5.2fig/lI. 
Whereas Hermann 11975) calculated 
that the fatal dose of cyanide to 
humans was approximately 100 
mg/L a value of 0.0112 mg/l HCN 
was found to effect egg production 
in brook trout (Ecological Analysts 
Inc.. 19791. Because the level of free 
cyanide which can cause aquatic 
damage is so very low, the method- 
ology of the analytical test becomes 
extremely important. 

The standard method approved 
for cyanide testing by the U.S. 
Environmental Protection Agency 
is described in Methods for Chemi- 
cal Analysis of Water and Wastes, 

The EPA has several methods: 
1. Method3351 isatestmethod for 

nides amenable to chlorination: Y '  Method 335.2 is a total cyanide 
test method and 3. Method 335.3 is 
another total cyanide test method. 
These three methodswere issued in 
1974. 1974 and 1978 respectively. 
Other present methods: ASTM 

EPA 600-479-020 (March 1979). 

,1976) and Standard Methods 
,19761 arealsoused for the determi- 
nation of total cyanide and the esti- 
nation of free cyanide potential in 
.ndustrial emuents. 

Significant research has been 
TonebytheAmerican ironandsteel 
industry. With regard to the ASTM 
:19761 and Standard Methods 
(19761. the following hasbeen found 
[Ecological Analysts Inc. 1979): the 
accuracy and precision of these 
standard methods are poorbelow 1 
mg/k these methods are highly sus- 
Eeptible to interference from other 
substances: because the prescribed 
analytical methods may be specific 
to different forms of cyanide and 
because the composition of the 
effluents being analyzed may vary, 
severalmethods maybe needed and 
alternatives to the standard 
methods forestimatingfree cyanide 
potentialintheeffluent,suchasthe 
AIS1 or  modified Roberts/Jackson, 
procedures should be used where 
appropriate. 

In summary;wklen dealing with 
regulatoryofficials on ground-water 
issues relating to cyanide, it is 
essential to determine the exact 
amount and form of cyanide before 
agreeing to standards. This may be 
more difficult than it would appear: 
on the surface because of some of 
the inherent problems with the 
standard tests historically used. 
However, since relatively low levels 
of free cyanidecause toxic effects on 
aquatic life and can also affect 
humans, it is a pollutant which 
must be closely monitored. 
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Despite legislation aittrcd 31 prv- 
tcciing groundrwter supp!ic::. such :is 
the S:ife Drinking. Water Act 
(SI>\'. A)  :ind the Resource Cotiscr- 
vntion :tnd Recovery Act jllCRA) and 
rekited regulations. aquifers do bc- 
cotiic cont:trninated. Whcn this cccurs. 
tlicrc arc tlircc bilsic courscs cT ac!ion: 
Forbid use Or the  aquifer and obtain 
:iltcrnative watersupplies, attempt to 
rcli:ibilit;ttr i t ,  or continue to use thc 
:tquifcr. but  k m t  the watcr to r m o x  
tlic c~~iit:rti;in:tnts. 

itcrc-ft ( 1  :tcrc-ft = ,225 900 g d j  or 
grounJ\wtcr estimated Lo bc ~i*wilablc 
iii tlrc II,S. is dcsig:na!cd I'or drinking 
w ~ c r .  l'rcsctitl~, less t h i r  1 %  of tlrn.t 
tot:tl, or 3 X Io'acre-I't. is bc!lcvcd to 
be coni;tiititi:i!cd. A national goal is tu 
h:ilt furtlicr grouiiJwttcr contnnrin:i- 
t i on  awl.  i f  ant! cvlicn faisiblc, to 
reh:ibili~:ttc contaniinated w t c r  sup- 
plic<. 

Ab;itiiluning a conlari!in.ilcd aqitifcr 
x i id  procuring water s i tp i i l kx  clsc- 

A h l  SI)7c~il'Ihctolill(1f3 X IO"  

, .  . .  
tilicrc might &m to bc ti n t L w  cspe- 
dic:ir w t y  t owlv~ '  khc prohicin oicoi i -  , 
t:iniiii::rcd pronndwater. nu!  this tias 
di~:~dv;inl:rges. hltcrt?iitive supplics 
i i i ig l t~  be ricitlicr as chc;ip nor 3s 
;ibund:tiit its onc would Iiopc. More- 
ovcr. i f  !;roundw:itcr coni:tniination 
cvcr tiirc.alcncd Lo bc~diiic :I n:!tion:il 

~rcc1:ttrratioo or cont:tiniiicrit priijccts 
arc under w;:y or pl:wnuJ. 

\\'lictIivr 1.ei;r's t i p~~r i i i s t i c  prciliv- 
tiun?; cvnccrtrin~. tltc grcwlh d ; i n  : t i p  
uii'er rc,~tor:iti:m iriditstry wil l  matcri- 
:tli?c rcniitiris t o  bc sccn. One thing is 
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Describes the monitdng rationale a n d  monitofing techniques used at two vely 
different waste dismsal sites. Also looks a t  methods and results of water quality 

monitoring conducted at these sites. 

2bG7 
. zb4. $3 

* Robert F. Kaufmann, 1. Alan 
eason. R. Brian Ellwood and 
mld P. Lindsey 

Recent fleld studies conducted 
an existing solid and llquld haz- 
dous waste disposal site In CalI- 
rnlaand at awastewatertreatment 
clilty under constructfon In Arl- 
na necessitated use of a varlety of 
onitoring techniques due to con- 
lsts in hydrogeologlc conditions, 
aste sources and pollutant trans- 
irt athways Also relevant Is the 

at the California facfllty was 

ssstringent d e s  thanwouldnow 
:e\ail. whereas the faclllty in Ari- 
ina reflects state-of-the-art design 
XI constmctlon. Discussionofslte- 
ierific condltlons and findings is 
diberately avoided to ensure con- 
dcntiality and to focus attention 
n the monitoring technlques. The 
iscussion whlch follows highlights 
~thwaterqualityandground-water 
ow system monitoring techniques. 

Although not directly pertinent 
3 the subject of this paper. the 
bjectives common to both investl- 
ations are provided to assist in 
.rienting the reader: 

Deflneground-waterqualltyin 
he aqulrers beneath and adjacent 
D the wastes. 

Delineate the present and/or 
projected extent of subsurface con- 
am I nat ton. 

Define the hydraulic conduc- 
ivlty of the materials beneath dls- 
msal m. 

* Define theelementsofground- 
.vater inorittoring and proiection 

responsive to RCRA and state 

6 and has been operatlng under 

!donitoring Rationale 
OutlinrdfnTabte Iwethernajor 

:Icments of the ground-water moni- 

toring investigations undertaken at 
the Califomla and Arizona sltes. 
Those items with an asterisk are 
dlscussed in the sections to follow. 

At both locations. the preliminary 
phases of Investigation included a 
review ofpertlnent Ilterature. a fleld 
monnalssance study and an In- 
ventory of nearby active. inactive or 
abandoned water wells. This was 
followed by the application of num- 
erous drilling. sampling and analyt- 
i d  techniques whlch are the focus 
of this artlcle. 

At the Arizona faciltty. a waste- 
water pond complex is present 
which consistsofcontiguouswaste- 
water ponds equipped wlth double 
liners and a leachate collection 
syjtem. The bask objective of the 
Investigation for this facilltywas to 
design. Install and test a ground- 
water protection system which w a  
both technlcally and economically 
sound. Maxlmum use Is madeof an 
ewistlngproduction well to monltor 
and intercept seepage from the 
wastewater ponds. should leakage 
everadvanee farther than thedouble 
liners. the leachatecollection system 
and over 300 feet of unsaturated 
nne-gralned desert solls.’lbo moni- 
toring wells installed downgradlent 
of the ponds complete the well net- 
work soil reslstlvitydata fmm depth 
proflling outside the faclllty perim- 
eter and from buried electrodes be- 
neath two of the four ponds estab- 
lish baseline conditions agalnst 
which any future changes can be 
compared. Periodic sampllng pro- 
vides additional protection against 
undetected long-term fluld releaue. 
The operational monltoring plan is 
Integrated wlth normal ground-wa- 
terpumpingcycles to interceptcon- 
taminants which might occur at 
onsite locallons. 

.. .. . 

Monitoring Tecl2xxic&aes 
A i r m U H y d r a u l i c ~ c a y ~  

Subsurface Investigation at the 
Califomla slte inwived both aIrand 
hydraullc rotary drllbng to define 
stnllgraphlc variatloimwlth depth 
and water table posltfon. Air rotary 
drillingproved tobewryfast inthe 
poorly cemented sandstone. Bed 
changes based laxgely on color vari- 
ations between the sandstone and 
claystone units were readilydetect- 
ed. However. the boreholes below 
thewater table weredxfflcult to hold 
open for proper cornpletlon with 
screened or slotted casing- stlica 
sand backfill. and either Cement or 
bentonite seals inskalled wlth a 
trernie line. Eortngs wade with alr 
rotary equlpment wem moat useful 
In the initial drilllng prvgram in 
obtaining water-table posltion and 
in emplacing suction lyslmeters or 
permiation test holm 

Deeper borings at the Callfomh 
location penetrated la about 50 to 
100 feet below the Water table and 
were most successful when dr i l l4  
with hydtaullc rotaby equipment 
and poIymer mud. Rlthough setup 
time for mud pits. pumps. etc, was 
longer than for alr rotary dr i l l l a  
brings drilled wlth mud remained 

casing and completion. In partic-, 
sand-pack materialseouldberradily 
installed In the screenedlslotted 
intervals. Well development was by 
means ofalr and by balling. 

Rotary drilling techniques and 
polymer muds were usedexcluslvely 
to install two 400-foot monitoring 
wells at the Arizona facility. Aside 
from the usud grab sampling. a 
wire-line plston sampler was very 
successfully used a b u t  every 40 
feet to obtain in-situ samples to 
conflrm cuttings data to provide 
reference points for geophysld log 

fuuy open for geo~txpical logging. 

GWMR/Fail5981 47 



~~ 

" Int^epretation, and to develop ac- 
curate gan-size c u m  for U ~ L ?  in' 
screen and gravel-pack design. In 
order to sample. the drilling string 
was removed and the sampler was 
runinon thesandiine.Mostofthe 
time spent in sampling was in trip 
ping out and in with the drill string. 

Polymer muds are biodegradable 
through bacterial action and have 
variable but limlted life. depending 
on temperature,presenceofbacteria 
in the drilling water, and other fac- 
tors such as pH. Residual chlorine 
levels must be malntained in the 
drlllin fluid in accordance with 

ful life can be extended by the addi- 
tion of formalin to retard bacterial 
action. and by temperature control 
through shading of the mud pit 
Despite the extra degree of care and 
skill needed on the part of the con- 
tmctor.. use of such muds is war- 
ranted because of minimal forma- 
tion damage, These muds areexcel- 
lent for geophysical logging and 
sampling. Special precautions are 
needed to chlorinate thegravel pack 
and well water and to overpump the 
well to eliminate potentially unac- 
ceptable levels of coliform bacteria 
piezometer and Sampling W& 
InstuJlation 

Piezometers and sampling wells 
were installed in rotary-drilled bor- 
i n g ~  advanced by air and hydraulic 
rotary rlgs. by hollow-stem auger. 
and by driven cylindrical piles. With 
fewexceptions. installation involved 
a gravel or sand pack and either a 
ben toni te or cemen t seal. Both pack 
and seal materialswere installed via 

, a tremie1ine.P~suregroutingwas 
by means ofa Posltlvedisplacement 

manu F acturers speciRcaUons Use- 

~ ~- ~ 

d-Water Monitoring -bMents 
Waste Landfill 
low 

Trench Studies to Evaluate Fault Activity 
Refraction Survey 
Borehole Geopbpiwl b g i n g  

Ground-Water Flow System Delineation 
Piezometers' 
Sampling Wells' 
In-situ and Laboratory Permeability Measurzments 
Water Level Measurements 
Water Well lnventoly 

Water Quality 
Source Term [Waste) Characterization 

j 
Analysis of Pesticides. Metals. Volatlle and Base Neutral Organics ' 

Characterization of Natural vs. Introduced Organics in Ground Wakp ': 
Sampling of iVells. Spdn@. Seeps' 

Development of Remedial Action Programs 
Water Saturation Conkor 
Digital Pollutant Transport Modeling 
Long-Term Monitorlng Program 

New Wastewater Pond Complex 
Baseline Ground Water Conditions 

Literature Review 
Water Well Inventory 
Water Table Configuration 

Ground-Water Monitoring 
Baseline Resistivlty Surveys' 
E!ectrode Detection System. 
Ground-Water Monitoring Wells. 
Utilization of Exlsting Pumplng Cones 
Water Sampling 

pump.Figures 1 through 3iiiustrate 
theprincipal construction detailsof 
the bored Installations. Indication 
ofacceptable sealing ofpiezometers 
at the Californla Site is seen i n  the 
consistent head measurements de- 

creasingwith depth,conflrmingw 
charge gradients expected in the 
highland areas. Recharge is alsc 
indicated by development ofawater. 
table mound in the waste, 

Casing materials used Included 

I - 
~ . 

Ngurr 2. Construction details of a 
deep sampling well-steel casing. 

F i g ~  3. Construction &dab of a 
deep sampling ~U-plastic aslng. 



. !ich steel and PVC pipe. &inch 
.pipe with ilush screw Jolnts 
'both 5-Inch and &Inch steel 
r1.q with both threaded and 
ed connectlons. W C  and ABS 

r a s  found to be economical 
Ing rapld lnstallatlon time dh o steel casing. ABS pipe Is 

durable. but one falure of a 
ed section occurred from ex- 
icgrout pressureandassciated 
1tc.d rurlng temperature. The 
ir disadvantage of ABS and PVC 
tes to water quality (Scalf. et al.. 
11. 

npling Methods 
3iiL soil-rnolsture. and ground- 
cr samples were collected from 
irigs, suction lysimeters and 
:ometers or sampllng welts. re- 
ctively.Thediscusslonwh!ch fol- 
s fqcuses on techniques which 
not routlnely used. as these are 

(sidered to be of more interest to 
ryader. 

in  addition tograbsampllngand 
tirigs. sampling of soil at the 
ifomla location consisted of cor- 
m d  Pitcher barrel samplers. A 

e-line corerwas used to facllitate 
l i d  core recovery. but several 

is developed from the mls- c)r of equipment to subsurface 
iditions. Coring was done with 
lor cuttlngs removal. but con- 

nsntlon around the core barrel 
d drlll stem caused the clay solls 
wpand. thereby restrlctlng alr 

Siibsrquent soil sampling at the 
Jifornia slte was with a Pitcher 
iTei sampler In conjunction with 
rilonite and polymer drilling fluids 
recover consoildated samples 

1 Sampling 

\v. 

. .  

icure 4. Driven pile sampling and 
,limping well completion. 

immediately .above and below the 
water table. The samples were used 
to confirm lithologic descriptions 
available from cuttings and also to 
perform subsequent analyses for 
contained organlcs. The declslon to 
analyze for contamlnanbwas largely 
based on water-qu'allty data Use of 
the Pltcher barrel was limited to 
relatlvely shallow rotary wash bor- 
lngs which were advanced with a 
tri-mnebit and bentonite or polymer 
drllllng flnld. 

At the Arlzona site a split-spoon 
samplerlnconjunctlonwith adown- 
hole hammer on a wire Hne was 
used for sol1 sanipllng two monl- 
toring well borlngs and a pilot hole 
for a high-capacity productlon well. . 
The sampler consists of a hammer 
and drive corer lowered Into aboring 
and operated by alternately ralsing 
and lowering the hammer. 

Aslde fromsomecmss-rnixingof 
cuttings in the lmmedlatebottomof 
the boring, the resultlng samples 
were fully representative of In-sltu 
conditions. The samples were Or 
considerable value for lnterpretlng 
electrical and cuttings logs and for 
sizlng of well screens used in one 
productlonwelland hvo monitoring 
wellsat the Arkona facility. in addl- 
tlon. the samples could be used for 
chemical analysis mid fordeveloplng 
an improved understandlng of the 
stratlgraphlc sectlon In the unsat- 
urated zone. I n  an arid setting, the 
unsaturated zone is typically rather 
thick and plays a slgnlficant rolc In 
the vertical and lateral pattern of 
contaminant migration. The data 
obtalned are therefore of value In 
deslgnlngground-watercontamlna- 
tlon aSSrSSment programs as specl- 
fied in the RCRA regulations. 

~ 

Fib- 5.Gene~Mvirwofsubrnerj- 
ible pump Installation in monitoring 
well, 

.I _. -" 
weu cornpietion inxi&cio@, : :, '.*. ..,/ Waste . .  

'With regard to the California 
slte. which recelved bothllquld and 
solid hazardous wastes for over 10 
years. In1 tlalpiezometeffiand samp 
ling wells were Installed In bedrack 
materials adjacent to the wastes. 
Projection of static water leMs from 
these wells laterally Into the wastes 
lndlcated saturation of about a 2 5  
foot thickness of wastes. An addi- 
tlonal investigation madeto confirm 
the thickness and saturationpfthe 
hazardouswaste Involved theuseof 
four dual-purpose sampling and 
dewatering wells completed In the 
wastes or Immediately beneath the 
wastes. The manner In which this 
was done necessadly had to con- 
sider MTety Inaddition to technical 
and economlc practlcalfty. To our 
knowledge. thiswas the first drilling 
program ~nCal~fomiatoddikmkiy 
penetrate ahzavbusw?stelmdNl. 

Nrer considerlng hollow-stem 
auger.large-diameter auger (caisson 
rig): air and hydraulic rotary. cable 
tool and driven plle options. the 
latter was chosen a3 the best com- 
promiseunder thegiven conditions. 
The method consisted of sirnulh- 
eously driving two steel-cyllnder 
plies. one inside the other. with a 
54.000 foot-pound dicvel hammer. 
The plies had insidediamctersof 10 
Inches and 12 Inches, wall thlcl- 
nesscrof0.5 inches,+d acomblned 
weightofapproximately 177'punds 
per lineal foot. The Inner plle w a  
approximately six Inches shorter 
than the outer pile. and was fltted 
with a reinforced flat tip. 

After the plle assembly was drlv- 
en to refusal. the Inner plle ~\riis 
withdrawn. allowing completlon of 
5-Inch dlametcrwells inside the 12- 
1nchpileor.with addltloonal drilling. 
completion below the piles. Both 
options Were exemtsed. depending 
on locatlon and 'hole conditions 
Figure 4 Illustrates bask constm- 
tlon features of the pile tmiinique. 
DrillingbelowthePlleswasdoneat. 
hvolocatlonswith anairrotaryii& 
fouowlng installation of &Inch di- 
ameter PVC pipe to Increase the 
return of cuttings. Alternately. the 
boring was advanced with hollow- 
stemauger (&inch Insidediameter). 
In the latter Instance. the final dual. 
completlon featured l'h-lnch stecl 
plpe and screen. sand-packed and 
sealed In the underlying Mrock 
and. aftcr wlthdnwal of the auger, a 
5-inch screen and steel fasingcam- 
pletion Inside the plle. 

After installation of the sampling 
well caslng. screen. sand pack and. 
seals threeofthe 12-inch diameter 
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cylindrical ptleswcrcrcmovcd from 
depths of 34 to 64 feet using a 

ed crane. At a fourth location. the 
pUe was left in place and the sam- 
pling well was completed at the 
waste-substmta InterfaQ whlchwas 
also the topofthezone ofsaturatlon 

Several comments can bc made 
concemlng the use of driven piles 
for the purpases described. 

0 The method was considered 
ctvtrernely safe lnmfar as no waste 
or leachate was removed from the 
monltorlng Installatlon. Routlne 
safety measures for explosive gascs 
were followed when welding or cut- 
ting operatlons were underway. 

Wastes were mdlly penetlated 
for thefull thIckncssofZ5 to60feet 
at three locations. At the fourth 
location. metal obfects caused pUe 
refusal before the wastes were fully 
penetrated. Subsequent mtarydrill- 
ing to penetrate to the base of the 
wastes was sumssful but dimcult 
and time consuming. 

Weld or the 5-Inch dtameter 
wells. nttedwthslxf~tofstainless 
well screen was less than 1 gpm In 
three of the four wells. and was 
conslderably less than expected. 
Posslble causes for this include low 
yield of the wastes. smearlng of the 
borehole wall as the plle advanced. 

d/orcornpactlon of thewastes by 
p!le drtvlng or removal. 

The pile technique was consld- 
ered acceptable for the purposes of 
tnls study insofar as static water 
levels in the waste. waste thickness. 
and leachatequalltywerecnflmed 
with no adverse safety or envlmn- 
mental Impacts 

Waterah.ladQ Monitoring 
Ground-Water Sampling Wells 

Foravartetyof-ns. principal 
ground-water sampling wells con. 
strucledatbothoftheslteslnvestl. 
gated werea rnlnlmumofflvelnches 
in diameter. SmaU-diameter wek 
were not pract ld  In terms of time 
needed for well development or 
sampling and cost effectiveness 
considering the hlgh cost of labor 
and chernlcal analyses. Where pos. 
slble withln budgetary Hmlts. Vi tc 
34 horsepowerpunipswereperman 
entlylnstdled,asshownin Figure5 
Inslx: locatlonsdlstributedbetween 
the two study sites. With a small 

ortrrb1egenentor.a technlciancar 
irepan: the wells for sampling a n c  
0 thesamplinginabout twohours 

per wrll. 
Between sampling. the wclls arc 

sealed wlth a screw-on cap. There 1: 
no cross-contamination betweer 
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vibratory hammerand truck-mount- 

a 

6. 

ai 

wells and the volume-of water I& 
noved before m p l l n g  enhances 
ample representativeness. Consid' 
!ring the RCRA requirements for 
luarterly samplfnfi or more fre- 
luent sampling if a ground-water 
w.essment program Is mandated 
40 CFR part 265. Federal Register. 
day 19. 1980, vol. 45. no. 98. pp. 
B3239-33242). the use ofsubrnen- 
ble pumps becomes increaslnpfy 
astzffectlvewlth time 

Ini tlal sampllng weUs at  thecall- 
ornia slte were constructed with 
hreaded folnt A85 casing. wi th PVC 
mttom plates bonded to the W C  
vith two-part epoxy cement ABS 
ilpe was chosen to factlltate,rapid 
xmpletlon of thealrrotaxyborings. 

cement predud 
these materials. 
screen was used 

ha8 been @owed to deqlop a coat- 

I 
I 
I 

I 
QSTAIS  

I 
I 
I 
I 

Figure 7. Changes in basrline rcslstivlty measurements due to mlgmtbo of 
waste fld&. 

--. 

froi 
sprt 

app: 
as  p4 
for E 
W. I 

the t 
met 
spre 
deeF 
cum 
I 

Insk 
enhi 
tern. 
the e 
the 
cont 

mlU1 
Fk.. 
batt 
199' 

of e 
for I 
aqu 

curr 



of surface rust 

ith Resistivity Sounriings 
Fu’umerous investignlions incor- 
.ate electrical resistivily survey5 
a means of detectlng shallow 

!-water contaminitlon (e.g. 
and Roux. 1975 C m g h t  

i%cComas. 1960:Wamer. 1$91. 
wever, not much use has been 
ide of such s u m  to ffitabllsh 
ieilne condltlons. At the Arizona 
e. 16 earth resistivity survey sta- 
!nswereestablishedpeIlpheml to 

wastewater pond complex (Fig- 
e 61 to define baseline resistivity. 
iture readings will be taken at 
ese stations Should earth mi% 
4ty significantly decrease. other 
tions such as test drillingor sup- 
rmentarydlngswouldbetaken 
confirm thepresenceorextent Of 

leachate problem. 
At each station the survey Hnes 

ere oriented parallel to the pond 
triphery.Themcthcdusedwas the 
3llumberger electrode anaywhich 
I widely used in eiectricalprospect- 
16 (Dobrin. 1960: Zohcly. 1969). it 
msists of four electrcdes whlch 
re systematlcallywtended outward 
long a straight llne from a central 
olnt. The (Ll spacings used for the 
utside A and B currrnt electmdes 

’ed from 1 meter to 215 meters 
the central point lor a total 

$!!ad length of 430 meters. The 
nside or M and N potential elec- 
rode were placed from 0.3 meter to 
io meters. At each spacing the vol- 
age measured was recorded. The 
ipparent potential. pa. Is calculated 
IS pa= K (V/I) where Kisaconstant 
‘or each particular electrode spac- 
trig. V is the measured voltage re- 
corded on the receiver. and I is the 
current input level. The current Is 
gmenllyconstant fordistancesless 
than 100 meters. This is known as 
theMrticalelectrlcalsounding(VES1 
method. because the increaslng 
spread of the electrodes results in a 
deeper penetration of the field of 
current. 

The equipment used. a Btson 
Instruments inc. Model 2390 signal 
enhancement earth resistivity sys- 
tem. was the same as that used for 
tlierlectmdedetectlon system under 
[he waste ponds. The transmltter 
containing a 12-volt battery has a 
current output ranging up to 100 
nilillamperes at frequencies up to 5 

The receiver. with hvo sK-volt 
terics. records the voltage up to 

The electrical reslstlvity method 
of exploration IS genenlly suitable 
for delineatingareaswlth favorable 
aquifer condltlons when used 

J99 ml~llVOltS. ql 

conjunction with exploratory bor- 
ings to $roMde controLiVithout cor- 
relation with test borings. interpre- 
tations of hydrogeologic conditions\ 
suchasdepth. thicknes,satumtioT 
and physical properties of varloup 
layers are unreliable (Stoilar and 
ROLL% 19751. Many miable condi- 
tions affect the measurement of the 
varlous layers. including density. 
porosity, mlneralizatlon, moisture 
content. formatlon thickness and 
the characteristlcs of overlying and 
underlying layers. Figure 7 is a 
schematic showing baseline vemus 
subsequent contaminated condi- 
tionsas reflected by earth resistivity 
measurement. Note that the curves 
are depth-sensltive and can indicate 
which layer(s) are llkely to be af- 
fected. For monitorlng purposes. 
deviations from baseline conditions 
are most relevant and detalled inter- 
pretatlon of subsurface conditions 
is not necessary. Should contami- 
natlonbedetected. however.borings 
to establlsh subsurface control and 
possibly to provlde for water sam- 
pling are likely to be necessary. At 
that polnt. detalled resistivity inter- 
pretation should be possible. 

Electrical Leak Detection 
Systems 

Two evapontion ponds at the 
Arlzona site have an electrode de- 
tectlon system (patent applied for1 
installed beneath the lower liner. 
Thesystem (In-situ resistivltyamyl 
is deslgned and constructed to 
measure the apparent reslstlvities 
ofsoitsbeneath theponds.Asln the 
use of surface electrical resistivity 
surveys. decrease in the apparent 
resistivity lndlcates the presence of 
contaminants-in thls case, the 
leakage ofconductive fluids through 
the lower line. 

Asshown in Flgure6. thesystem 
for each pond consists of 25 elec- 
trodes placed In a five-by-five square 
grid patternwith adjacent electrodes 
45 feet apart Thegrid pattern forms 
multlpie Wenner arrays. The eiec- 
trodes are galvanized steel rods %- 
Inch in dlameter and hvo leet long. 
They are connected to a junction 
box by 16 gauge single conductor 
shielded. coavlal Glble. The cables 
are shielded to minlmlze electro- 
magnetic interference. Connections 
behveen theelectrdes,md thecabie 
are covered wlth grease to minlmlze 
corrosion, and then protwted by 
heat-shrink tubing. 

Prior to installation. preliminary 
tests were performed to assess the 
extent of electromagnetic coupilng 
(and the resultinginterferencewith 
readings) between cables bunched 

ogellterinnarmwtRnchesascbm- 
~aredwithcabies.spreadoutuslng 
renches with a 3’ x 3 CTOSS section 
ind as much cable separation as 
mible .  

’Ihere were no s igdcant  differ- 
:ncesobserved inapparentreslstiv- 
,ty values measured with bunched 
zbles versus those spread out 

The electrodes and cable were 
,nstalled hortzorttally In shallower 
:renches 18 inches deep and 8 
nches wide. After installation. the 
:renches were backfilled and com- 
>acted. Figure 9 shows the apange- 
ment and details of the system. All 
xbles temlnate at aJunctlon box 
placed In a piotected housing lo 
Zted near a corner of the pond. a 
maximum slope distance of 75 feet 
from Ihe newest electrode. 

Operation of the system consists 
of directing an electrlc current to 
oneset ofelectrodes and measuring 
the potential dmp across adjacent 
electrodes. The potential drop Is a 
mesure of the conductivity of the 
MII and interstltial water between 
the electrodes. Surveys of all the 
posslbie Wenner arrays in the grid 
system are performed qulckly by 
connectlng an earth reslsttvity me- 
terto thejunctionboxinanyoneof 
28 conflgurations (See Figure 8). 
Any leakage of wastes through the 
lower liner will be detected by a 
decrease in resistivity values with 
respect to the baselrne readings. 
The location and rate of leakage 
migration 0317 be established based 
on reslstivitychangert~mmonedate 
to the next 

Figure 10 shows average resis- 
tibdty readlngs from the electrode 
system beneath the  wastewater 
ponds in Arizona. The readlngs 
were taken prior to Installation of 
thelinerand reflect pondingofrain- 
fall in the west centrzd %tor of the 
pond. where resistivlty is lowest 
The contours simply renect average 
soil moisture conditlonsThe spread 
in values is rather small and on the 

Figure 8. Layout of in-situ resistfvity 
armylelcttrode detection system 
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DETAIL OF ELECTRODE INSTALLATION 
n o r r ~ m L P  

ELECTRODE AND TRENCH LAYOUT 
S C I L I ,  I".,O"' 

NOT TO SCALE 

Figure 9. Electrode delcction SyJtetn lpa'enr applied for). 

order of 11 ohmmeters. Should a 
leakdevelop,theresIsUVntywouldbe 
drastlcallylowend.presumablyat a 
few node points at the onset of 
leakage. 

Water Sampling 
Fleld p d u m  for sampling 

wells varied to some degree with the 
method of constmctlon of the well 
or piezometer and whether a sub- 
mersible pump had bcen perman- 
ently Installed. For those wells fitted 
wlth a pump. sampllng was prc- 
ceded by two to three mlnutes of 
pumping. Wells were preVnously fulh/ 
evacuated or the water volume In 
thecaslngwasexchangedflve times 
before sampling. Large-dlameter 
wells without pumps were flrst 
evacuated and then sampled using 
asepamte W C  bailer foreach Instal- 
latlon.Thesmaildl~eterwellswere 
sampled using a one-Inch outslde 
diameter copper or steel baller fitted 
wlth a foot valve. These wells were 
sampled after speclnc conductane 
values stablllzed. an lndlcatlon that 
formation water was entering the 
borehole and caslng. In general. 
conductlvlty InltlaUy rose sharply 
and then stablllzed as formatlon 
water displaced the potable water 
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ised for drilling. 
Between sampling polnts. the 

d e r s  were thomughly cleaned to 
wold cross contamlnatlon. Thls 
lnltlal procedure was Judged to be 
too tlme consumlng. Subsequent 
wmpllng at the Callfornla slte and 
dl sampllng at  the Artzona slte 
Involved no f l l t e r lngormplepre  
ervatlon In the field. mlnlmal reuse 
ofWers.and momstrlngentdecon- 
tamlnatlonwherenecded.Them- 
ples werelced Immedlatelyaftercol- 

Figure 10. Base line dah of in-situ 
res1stivllyYr;ay. 

&ion and stDnd In a 
:hest for dellwry to the 
later that day. A preserva 
acld)wasadded to 
on dellmy to the 

Zharacteerizcrpian of N a t m d  w 

LVater 
Naturally occunlng organics in,'$ 

the form of C N ~ C  011 and gas wac .2$ 
present beneath and &jacent.to the 
Callfornla slte. In addltlon. the fol--$ 
lowlng organicswendiqxmed 

% 

[ntToduced ~ g c l n i c s h ~ ~ q  
4 

an 1 1-year period: ?j 

AlcoholslSolvents 
EDC (ethyicne 
dlchloride) 

Greas- 
Polychlorinated 
blphcnyls IFCD) 

Pestlcldes 
Pestlcldc cunWmi-s 
Rtrorhemlcal waste 
(Includlng rctlnlng 
waste and pelre  
leum dlstlllatnf 

lnterpretatlon of the ground- 
water quality data consldered dlC 
ferences in spectra muking from 
natural vs. wasterelated organics. 
After genentlon of gas chromato- 
graph rnass spectmmeter spectra 
data. examples.ob whlch are show -. 
In Flgures 11 .and 12. the spectra :t 
were analyzed to determine the .5 
natureand sourceof themmpounds 
detected. 

Organlcs found In ground water 
at theCallfornla slteorlglmte from 
one or moreof theiollowtng natud 
crude oil. waste rnaterlals. drlltlry 
.fluld%caslngxcreenandd-m- 
nation flulds. The prrsence of na- 
tural crude oll compounds show& 
up In several decp well water sam- 
p l e ~  as a hydroorbon envelope (see 
Figure 11) In the base n e u t d  or- 
ganln fnctlon. The h y d m k  
spectra usuaUyconslstedofclus(ers 
of up to two hundred peaks that 
easlly mask the presence of other 
waste-related compounds. Most 
waste-related ConstltuentS show& 
up in the volatlte organics fmction 
and Included compounds such as 
trlchloroet hylene. trlchlorethkne. * 
dlchloroethane or0 ther halogenated .i 
organla. 

Compounds consldered to be 3 
derived from the wastes were prt- i 
marlly methyl benzene ethyl ben- 2 
zpneand toluene. Compunbwhlch 4 
where considered to ortglnatewtth 4 
elther wastes or well wnstmctlon 
Included volatlles such as acetmr. 
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certain wasterelated consutumts.. ' .;: 
Compounds introduced by the. 
wastes or by the well lnstallatlon 
either appear outside the natural 
hydrocarbon envelope or appear in 
the absence of such an envdope 
(Figure 12). as do many organics 
derived from wastes (e.& benzene 
ethyl benzene. toluene. TCEI. WeuS 
yielding ge!iedly lnconciusivc R- 
sults require additional monitoring 
wlth respect to seasonal water-level 
changes and addltlond sampling 

s- f '  

Selected ground-water monltor- 
Ing tcrhnlques' are presented for 
use in waste disposal facility in-- 
tigations in arid zone settings ofthe 
Southwest. Although local site con- 
ditions in terms of gedogy. hydrol- 
ogy and waste dlsposal practices 
largely dictate a given rnonltoring 
programandin turn. themechanics 
of instmmentingasite. the following 
is offered for consi,deration: - Cornpletlon of w e b  in poor& 
consolidated bedrock and In allu- 
vium Isgrcatlyfacllitatedby theuse 
ofpolymerdrllllngflufds tostabUize 
the boring. Alr rotary and hollow- 
stem auger technlques proved dls- 
appointing except for very shallow 
completlons. 

e Of the W C .  ABS and steel. 
casing and screen materials. usad. 
the plastic materialswere easiest to 
Install. but presented a possible 
source of trace organic contarm- 
m n t s  in the water samples. W e e  
water sampling for tmce organic 
contaminants lsof primaryconcem 
wells should be cased with steel. 
While galmnlzed casing was wed in. 
wellslnstalledal thesltesdsvlbeh 
perhaps stainless steel wouId hr 
even mote appropriate. though cost 
then b a m e s  a signincant factor. If 
plastic is used. bbnlcs should be 
run to determine the influmce of 
lhe caslng on water quallty. Addt- 
tfonal quantitative data are need& 
concerning the full suite oforganla 
and the concentrations that might 
be expected in water samples from 
W C  and ABS pipe and axwlated 
cements. 

use of wire-line coring and 
drlw-samplingequlpment Is m m -  
mended consldering the relative 
speed with whlch representatlve 
samples can be obtained. Pitcher 
bar re l  sampiees proved superior to 
EX coi-tng in the soft sandstom 
strata penetrated. 

Penetratlon of hazardous 
waste9 usingdrlwn cyllndrlcaipiles 
was safe and practical for connm- 
ingwaste thickness and saturation. 
WatersampiingweUscould becorn- 
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m h y d m r u m  and methyl ethyl 
ctone. Some water samples con- 
lined elements and compounds 
+iich were not consistently found 
:iI h repeated sampllngorconlalned 
ubslanm in very low amounts 
xle to several parts per bililonl. 
? m e  results are generally incon- 
luslve and indlcate the need for 

data to establish a pattern 

%iter cunditlons. 
I t  IS assumed that groundwater 

lowtn thewastesite islaminarand 
hat ilowpathsandsoumorslnks. 
IR generally constant Pronounced 

can be related to ground- 

changes lnconcentratlon with time 
an: belleved attributable to other 
than waste or natural factors and 
may include %ampling and decm- 
taminatlon procedures. foe example. 

The primarynatural factoralrect- 
lng hydrocarbon concentrations 
would presumably be flushing ac- 
UonassociatedwlthseaMnalchang 
es In water level. a phenomenon 
whlch Isnotlcedmoreinsomewells 
than in others. 

Genenl conclusions reached are 
thatwhennatural hydrourbonsare 
abundantlypmenl. theyare readily 
recognizable but they may mask 
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'- 1 but'WellyiddS\WI'C dlsappolntlngly 

f Forpurpo4esofbivwllriedennl- 
tlon and early wamlng of contam- 
inant release from wastewater 
ponds, earth mistivlly and burled 
electrode detectlon systems are ex- 

Uent methods for lnexpenslvely 

serles data 
Although not completely dlag- 

nostlc,dlffemncesln theowmll pat- 
tern of chromatograms representa- 
tive of natural hazardous waste- 
related hydrocarbons are useful In 
dennlng contamlnatlon. 

In arld zone settlnga with deep 
water tables. maxlmum use should 
bemadeofthe~oorrmentloned tech- 
niques Integrated wlth exlstlng 
pumplng wells In developing l w t  
cost monltorlng systems to meet 
the Intent of state and RCRA re@- 
latlons. 

. " low. 

0.. generatlngareallydlslrlbuted. tlme- 
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by Joseph F. Keely 
Abstract 

Oneofthemorecommon techniquesforcontrolling 
the migration of contaminant plumes is the use of 
DumDing wells to Droduce desired changes in local 

pumping schemes may lx chosen as the "remedial 
action"appropriateforaparticularp1urne.Theaffected 
PlumemavbeheldinDhceand treated.itmavbehe!d . -  

how rates and hydraulic gradients. Whenseeking to 
optfmize an array of pumping well locations and dis- 

a t  non-ideal aquifer conditions, well construction 
and demographic constraints produce. Heterogeneous 
and anisotropic aquifer conditions seriously compli- 
catesitingand dischargerate requirements forpump 
ingwells because of the distorted cones of depression 
that result from withdrawing water in such settings. 
Proper screen selection. gravel packemplacement and 
well development are crucial factors affecting the 
operational characteristics and economics ofpumping 
wells; these factors are generally recognized. though 
often u n d e d u e d .  The impacts that well depth and 
diameter. and screen length and position have on the 
effectiveness of pumping efforts are also often under- 
mlued. with detrimental consequences. Perhaps the 
most difficult problems to overcome in designing 
pumping schemes, however. are posed by demographic 
constraints. Denial ofproperty access, vandalism and 
the unpredictability o f  nearby water supply and i d -  
gation pumpage tend to wreak havoc with the best of 

rate's. it is important to consider the effects 

, .i pumping strategies. 
I I Introduction 

1 Safestorageanddisposal ofhazardouswastes have 
become major social issues because of the discovqf 
that many sites lack proper precautions for the pre- 
vmtion ofsoil and water contamination. Grounduater 
contamination has received the major share of socle 
tys attention to these issues, primarily because the 

ractical terms. this means that the level ofcleanup of 
the damage done by contamination incidents is often 
dictated by social concerns (e.g. health risk). Plume 
stabilization by interception and control with perime- 1 ' ter wells. injection and recovely loops, and other 

of human exposure by this pathway is direct. In 

and aliow;d to move on after alternatepublic&pplies 
have been located for downgradient water systems. it  
may be held in ,place to dlow biodegradation of 
particular constituents. or  it maybe heId until better 
treatment procedures can be devised. 

Factbrs Affecting pumping Stnitegies 
Hydrodynamiccontrol and recoverystrategiffi vary 

considerably in their efficiencies. Besides the obvious 
need to choose the well locations and flow rates care- 
fully, a number ofotherconsiderations demand atten- 
tion (Figure 1). Non-ideal aquifer conditions are a 
realityfor virtuaUyaU real-Life situations: heterogeneity 
is the rule rather than the exception. Three-dimen- 
sional anisotrop).: as ey~resed by the vertical vs. hori- 
zontal hydraulicconductiviyratio. is a near certainly 
for most strata. Less visibly pronounced.yet almostos 
prevalent. is anexpresxdanimtropyin the horizontal 
plane of many strata ihese commonplace non-ideal 
aquifer condi tions complicate ourperceptionofwhere 
a given plume can go (Fetter 3 981 1 under both natural 
flowconditionsand remedial actionpumpingscheme. 
The preferential flowpaths that arecreated by buried 
lake beds.glacial ouhvzjhgravels,streambeds. coastal 
deposits and the like cannot be delineated without 
expensiveand timesonsumingfield tests. Likewisesit 
is nearly impossible to accurately predict the magni- 
tudes ofdistortipn in the cones ofdepression created 
by wells pumping from heterogeneous. anisotropic 
aquifers. 

Variations in the properties of the  fluid in an 
aquifer. pacticularly the solution density, also can 
significantly affect the behavior of contaminant 
plumes (Jorgenson et al. '19321. Immiscible plumes 
with lower density than chat of the native ground 
\rater will float a t  the surface of the saturated zone. 
travelingalong thesamegeneralgradient. but hveling 
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ofanydensity,bydefinition. mixintimatelywith native 
solubility constituents as they move. Miscible plumes 

ground water.Thedurationof timerequired toachieve 
a specific dilution by this mixing changes markedly, 
however, and is generally inversely related to the den- 
sity. For most situations. the greater the density, the 

- 
Physiochemical attenuation 

0 Biological transformations e 0 Operational failures 

construction effetts.Forexample, theimpact that par- -3 
tial penetration of a fully screened primping well can .< 
haveontheestimareofpotentialformntaminationof + 
a water supply or on the effectiveness of a. remedial -< 
actionschernei~.tremendous(Saines~981).Theeffect :,' 
is to cause exaggerated drawdoims near the welt. The - 5 

magnitude of the effect is inversely dependent on the 
degreeofpenetration ofthewell into &eaquifer,being : 
greatest for slight pmerration. F a t m y .  partial screen- 2;  

ing of a fully penetrating well resusts in the same - 
effect-greater drawdown for a given p m p i n g  rate as - , 
compared with a fully screened. fully penettatingwell. -- 
. Again. knowle2ge of these factors can be used to 

enhance.a pumping scheme that is. for example, de- 4 Figure 1. Generd considerations for opttmizing pump- 
ing strafegies 

These complexitiesworkagainst us ifweare ignor- 
ant  of them. Worktng up an appropriate recovery sys- 
tem for a contaminant plume can be compared to 
designing an oil production system.Whatyou get out 

Onedoesnotblithelydraw up plans to pump and treat 
a plume until considerable manpower and funds are 
ekpended to obtain information on the natural flow 
direction.gradientandvelocity.Thequestion isusua~y 
one of how much to spend to reach some desired level 
of detail: the level of detail is set by social concerns. 

This seems to be logical application of technology 
for Social need, but the logic may be shortsighted. If 
social concerns (based on preliminaryeduation o f a  
c0ntaminantincident)are minimal,thereisnoguaran- 
tee that such social concerns are appropriate. 
tional studies, which could delineate preferential flow 
paths and quantify factors affecting contaminant 

JustiFy considerably greater or lesser social concern. 

and locally disiurkd aquifer material resulting from -.i 
thedrillingprC€es.?heSe matenalsbwer the perma- ..-i 
bility of the grave! pack and fomaaion immediat++$ 
adjacent to the well. The greater the  degree Of ?is. 
inefficiency caused by lack of proper development the ... 
greater theamountofnon-productivedrawdown inside .-. 
the well; this means that the well may never be able to - ?  
pump at design capacity without risk Of IUnning dW. .-+. 
and it means increased operating expense due LO *e..-., 
additionalpumpliftrequired.What i t  mayalsoportend .*:: 
for Seriously inefficient wells. is tbrat Certain Strata- . 
penetrated by the uell may be effetively Sealed by 
drillingmudorbi-naturaf clays thatweresmearedover -. 

Such "sealed off strata may C- the bulk Of the -.-' might well generate findings that would theboreholeface@theactionsofthedriUingoperation ... . 
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r . . I  
- *  ingpumping strategies concern direct anthropogenic 

influences: denial of property access, vandalism and 
unknown pumpage all tend to wreak havoc with the 
bestlaidplans. Bedientet d.(19841 describeefforts to _ _  delineateaplumeofcontaminants migratingundera 
residential area from an abandoned wood creosoting 

~ 

- 
in Conroe, Texas: 
"Several wells exist in the general flow direc- 

tion. but not directly downcradient from the 
- . 

waste pit locations. Access \gs not granted for 
installing monitoringwells . , .Approximately 50 
percent of the chloride plume has been defined 
since the monitoringwell nehvork is incomplete 
at this time.. . Completion of the monitoringwell 
nehvork is needed to c a p t u r t h e  center of the 
contaminantplume.Thiswill require morewells 
downgradient on land that has not previously 
been accessible for investigation." 
The granting of property access during investiga- 

tions of ground water contamination incidents in 
populatedareas is no trivialmatter.Onetypical?yfinds 
it necessary to contact not only homeowners and land- 
lords forprimte property access. but also to negotiate 
with company engineers. vice presidents and attorneys 
for commercial property access. It is quite normal for 
such negotiationstobeinvolvedand protractedascity 
councils, educational boards, colporate headquarters 
and 0ther.bureaucraticentities are asked to concur in 
signing access agreements containing provisions 
deemed necessary to ensure against incurred liability 
and potential damage. 

The role played by unknown pumping and/or 
injection wells operating near a remedial action pump- 
ingsystem is subtle but far-reaching. Such unknown 

resses can significantly distort the flow field and 
nder remedial actions ineffective. Projections on 

plume movement made during an investigation of a 
ground water contamination incident would also be 
inerrorifunknownwellsarecausingdistortion in the 
flow field both the direction and the speed of the 
plume could be dramatically altered. The reason for 
the subtlety of the effects of many such wells is that 
their cyclic. seasonal or on-demand pumping sched- 
ules allow them to be detected only by continuous 
recording of water level changes at numerous points 
around thezorie ofinterest. Sinceaquifer.responsesat 
a given observation point are somewhat non-unique. 
merely detecting extraneous sources of drawdown 
does not.automaticallyresult in identification of the 

Therearea fewotherimportant factors to consider 
that also affect pumping strategies.Thephysiochemi- 
calprppertiesofthecontaminant itselfcan result i n a  
need to pump several pore volumes from each unit. 
volumeofaquifer to bedecontaminated. Sorption, ion 
exchange and speciation changes can result in re- 
tarded movement of contaminants relative to the 
average velocity of the water with which they are 
initially associated. Biotransformation of contami- 
nants may result in reaction products (daughter 
products1 that are ofgreaterorlesser toxicity. mobility 
and persistence-in other words. uncertain contami- 
nant behavior. Unlike theaquiferproperties ofstorage 
oefficient. saturated thickness and hydraulic conduc- 
Ity. which can be readily determined, the current 

potentials for physiochemical attenuation and bic- 
transformation is not up to the level of routinely 
providing reliable answers on a site-specific basis. 

SOUTces. 

@ tate-of-the-science with regard to determining the 

Finally,an obviousbutoftenoverlwkedconsidem- .. 
tion involved in optimizingpumpingstrategiesis the 
need to develop adequate contingencies for operattonal 
fail?res. This means some intentional overdesign for 
reserve capacity, totA redundancy of key wells and 
electronic controls. backup power systems and s o  on. 
It also means bonding or insurance against unfore- 
=en catastrophies 50 that as little downtime is 
expended as possible. It may also mean that an escrow 
account or trust fund mustbe established to pmvide 
the necessarycapital forreplacementofbumed-out or 
inadequate pumps. deepening or abandonment of 
evisting wells. or W i n g  of additional wells. 

Capture Zones vs. Zones of Pressure 
Influences 

Keely and Tsang (19831 intrdduced the term "cap- 
ture zone" to describe &at portion of the aquifer 
affectedbypumping\shichactuallyyieldswaterto the 
well. They have shown that the capture zone is gener- 
ally much smaller than the zone ofpressure influence 
because a balance is achieved, under steady-state 
conditions. behveen the pull ofwater back toward the 
well from its dbwngradient side and the tendency of 
the natural flow system to move on further downgra- 
dient.Figure 2 isaseriesoffouridealized illustrations 
that present conceptualizations of how thesize of the 
capture zone changesrelative to the zone ofpressure 
influencelcone of depression, as the local gradient 
is increased. In Figure U the well is pumping from a 
stagnant aquifer. indicated by the flat pre-pumping 
surface. overlaid on the theoretical cone of depression 
that would occur during pumpage. For stagnant 
aquirer conditions. the capture zone is everywhere 
identical to the zoneofpressure influence and flowis 
radial into the well. As the successive diagrams indi- 
cate. however. non-stzgnant aquifercondi tions lead to 
smaller capture zones (Figures 28 to 2D). 

Theslopes ofthepre-pumpingsurfaces are overlaid 
.on the theoretical drawdown cones in each frame of 
Figure 2 to emphasize the interaction of the natural 
noivsystemwith the pumpingstresstoyielda capture 
mne smaller than thezoneofpressure influence%= 
is no intention to show the net surface resulting from 
pumpageby subtracting theoretical drawdown values 
from pre-pumping water elevations. These sketches 
do have the cosmetic drawback of showing crossing 
nater level lines/cun.es. but  the point is to illustrate 
the individual components of the net surface (cross- 
sectionalview) and how theyinteract toyieldacapture 
zone (three-dimensional view). 

%e flowlines generatedby pumpingawll from an 
idealized aquifer (homogeneous. isotropic. constant 
density. etc.) under different natural flow conditions 
are shown in Figure 3. In Figure 3 a well pumping 
1.000m3/day from a 10m thickaquiferhavingaporos- 
ity of 0.10 and a hydraulic conductivity of 1OOmlday 
has uniform radial flow understagnant aqulfercondi- 
[ions 1e.g. natural now velocity equal to zero]. When a 
mild hydraulic gradient (0.00011 is imposed on the 
m e  system (Figure 38). the resulting natural flow 
~~~ocity[O.lm/dayl is insufficient tosignincantlyaffed 
f ie  flow lines, and uniform radial flow is nearly main- 
tained. With a more maiemte hydraulic gradient 
(o.oO1). the result ingnatud nowvelocity(l.Om/day) 
Is sufficient to sweep anay many of the flow lines and 
fie capture zone is clearly evident [Figure 3Cl.where 
a steep gradient (0.011 is present. the capture sone 
diminishes to asmall fractionofthezoneofpressure 
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Figure 3A stagnant aquifer conditions 
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Figure 3C. Moderate hydraulic gradient (0.001) 

influence [Figure 3D). 

Comparing 'Pumping Strdegies 
A typical use of pumping schemes is to effect 

hydrodynamic control over a plume, either for iong- 
term stabilization or for withdrawal and treatment. 
Consider extending the example illustrated by Fig- 
ure 3. First. assume a line of five wells lying perpen- 
dicularto thedirectionofnatural flow(Figure 4). Each 
of the five wells pumps 200m3/day. so that the total 

page of the five wells is the same as that of the a e well in Rgure 3. Under stagnant aquifer condi- 
tions to low natural flow velocities (Figures 4Aand 4B) 
there does not seem to be any difference in the effec- 
tiveness of the pumpage from the five wel1s.a.s com- 

500. 

0. 

-500. 

-500.  0. 500. 

Figure 3B. Mild hydraulic gradieM (0.0001) 

500.  

0 .  

-500.  
-500. 0. 500. 

Figure 3D. Steep hydraulic gradient (0.01) 

pared with the single weU case (Figures 3A and 38). 
The situation changes markedly if moderate to high 
naturalflowvelocitiesarepresenthowever.asdepicted 
in Figures 4C and 4D. As the natural flow velocity 
increases, the capture zone of each of the five wells 
diminishes to a point where adjacent capture zones 
no longer overlap and natural flow lines run on 
through theilneofwells.E?y contrast. the capture zone 
of the single well pumping 1.000rn3/day does not 
develop holes, but does diminish in size to well below 
the perceived size of the ieakycollective capture zone 
of the line of five wells. 

In actuallty. there isnodifferencebetween the true 
collective size of the capture zones generated by the 
five wells and that generated by the single. high-flow 
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Figure 4. Flow line plots fox a lirm of fire ps~lls,  each dtschmmg Z O a n i l / a a j !  from an aquifer &tic 10m 
stmucrtedthldgoass, lWm/dny hydraulic conducbity and 0.10 poroSlQ 

NOTE: Scalsisinmetsn cmdnaturalflcrwproceedsfxomlmrleft-hd mmer t ouppr  right-hrmdtmner of . 
each plot a! the Wlcciiy incumfed 

L: -2 
4 
-7 
:= 

rate well. By rearranging some of the expressions for (2M)m3/day). and each, therefore. has a capture zone 
capture zone dimensions glven by Keely and Tsang the maximum width ofwhlch I s  one-fifth that of the 
119831. It Is possible to define the maAmum width of singlewell 1200m).Hence.bycomparlngFlgure 3with ..< 
the capture zone upgradient of the well as: Wmy= Q + Flgure 4. It I s  seen that the way in which the total 
lhQ,V,,J. Using this reiationshlp. it Is apparent that pumpage Is distributed doesdlrectlyaffect the dlstrf- -::. 
the maxlmum width (WmaJ of the capture zone of a butlon of the capture zonets). bu t  does not affect the 5 

well is directlyand linearly related to Its flow rate 19). magnitude or total area of the capture zone(s). Also to ri2 
and Is inversely related to the natural flow velocity be seen in Figures 3 and 4 is that increasing the .* 
(VnaJ. natural now velocity estimate can have a dramatlc 7: 

For the example dlscussed here regarding a single impact on the effectiveness of the pumplng strategy. :: 
well pumplng 1,000m3/day. the rnaYimum width of ,Given the order-of-magnitude uncertainty so often i 
the capture zone is 3.000rn when the natural flow associatedwlth hydraullcconductivityestimates. It Is 4 
veloclt); Is  1.0mlday. and Is lOOm when the natural notsurprlslng that manyseeminglyacceptable reme- 4 
flow velhcltyis lOm/day. Each of the five wells In the dial actlon schemes are doomed to fall mlsembly. ;I 
second example discussed pumps at a flow rate equal Amorecomplicatederampleprovldes furtherillus -$ 
toone-flfththeflowrateofthewellinthefirstexample tratlonofthesepolnts.Assume thatwehavethesame 2 

.*$ . .- 
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Figure 4R Stagnant aquifer conditions Figuxe 4B. Mild h-f6Icii&iC giaciient (MoO1) - I ..., 
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aquifer conditions and total pumpage Ilmitation 
(1.000m3/day) as the precedlng examples. We W 
distribute thepumpageuniformlybypumpingeachof . eight wells at 125m3/day. The eight wells are evenly 

, spacedaroundacircleof200mradius.Weare tryingto 
, hold a plume within the circle. Wlth stagnant aquifer 

conditions to low natural flow velocitis, the plume 
~ appears to be stable: no flow lines pass through the 
< circle (FIgures5Aand5Bl. At moderate to hlgh natural 
i fiowveloclties. however. thesltuation Is quite different: 

flow lines readily pass through the circle, lndlcatlng 
that the plume stabillzation attempt has failed (Fig- 
ures 5C and 5D). . 

A pump and treat scenario can be examined by 
modlrying the example shown in Flgure 5 to change 
the operatlon of the elght wells from pumping to 

injecting and by adding a major pumping well in the 
center of the circle.Thesinglepumpingw~~willwith- 
draw 1.000rn3/day from the plume The withdrawn 
water will be treated and re-injected into the eight 
lnjectlons wells at 1 25m3/day each. At zero to low flow 
velocities. the Injected water flows radially toward the 
central pumping well. formlngaclosedloop forrecov- 
eryand treatmentoftheplurne(Figures Wand 6B).At 
moderate to hlgh natural flow velocitle. the recovery 
loop Is broken and an increasing amount of the 
injected water and the plume are swept away by the 
regional flow (Flgures 6C and 6D). It mustbeempha- 
sized that theconesolimpresslonordepressionofthe 
wells overlap signiflcantlyforallofthe multlwellexam- 
ples discussed so far. Despite those overlaps, the net 
surface resultlng from the natural gradient and the 
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Figure 6C. Moderate hydraulic gradient (0.001) 

Ngura6. ~ o w ~ e g ~ i s f a r a s i n g b v i a ~ ~ S F f n g  i , ~ ~ ~ ~ / d a y ,  andrdebbpight-~W&d.ng 125m3/ 5 
day into an aquifar with 1 G m  scrhuafsd thickness, loOm/day hydraulic ~~ndudtpitp and 0.10 PoXodW 

NOTE: Scale is fnmeters m d  nahunlnovrprocseds fromlowar left-hand comer touppsr d&t--hcmdunnerof $ 
each plot at the veldty indiarted. 

2: 

waterlevel changes due to pumpage and!or injection failure of ea'ch design is certain a t  5.0m/day as wek ::: 
is shaped such that the streamlines are truly as pre- the point at which the flowlines break through must .-$ 

be at much lower natural flow velocities. 
and velocity distribution plots. see Keely and Tsang In Figure8 the natural flow velocity has been .'I 
(19831. The detailed theoretical development and reduced to0.5 and 0.4mldayfor thelast two examples 'f?. 

source code listings for the models that were used to only. Breakthrough of the streamlines (failure of the ,': 

generate thestremlineplotsshown herearegiven in , pumpingstrateg)-)occunsomewherebet\veen the0.4 * 
Javandel et al. (1984). and 0.5m/day n a t u d  flow velocities. Similar cornpar- >:' 

isons for the first two examples are not presented .,Z 
A Little More Detail because flow line breakthrough does not apply to the :$ 

first example [a single production well) and the flow 2 
that thepumpingstrategybegan to fail as  thenatural linedidnotindicatebreakthroughat.l.Om/dayforthe :: 
fail is generally becoming evident at a natural flow The presence ofan unknown well is being studied $ 
velocity of 1.0mlday and is beyond question at  a inFigure 9.A majorpumpingwell (1.000m3/day) has ,i% 
natural flow velocityof 10mlday. Figure 7 shows that beenarbitrarilylocated downgradientofthesameline 

Figure 6D. Steep hydraulic gradient (0.01) 
.c ., 
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._I ..e 

is. 
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'. sented here. For further discussion of capture zones .- 

Itwasquiteclearineachoftheprecedingesamples 
i. 
7.c flow velocities became appreciable. The tendency to second example (a line of five wells]. 

0.  - 
L 

- - 
! 

-500. ~ ~ _ - 1 ~ . - - L . ~ - - i - ~ . l ~ - - i  

-500.  0. 500 .  

Figure 6h Stagnant aquifer conditions 
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Figure 7C. Circle of eight wells, each discharging 
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figure 7D. singlewelldixharging 1,OW3/dw,encirc1d 
by eight wells injecting 1Z5m3/day each 

~- 
Figure 7. Comparison of pumping mays incm aquifer with 1Om Mturotxl tbk'msss. lCOm/dm h y ~ c m k  
mnduc3viQ, 0.10 porosity and 0.005 hydraulic gmdient 

NOTE: Scale is in meters and mtural fluwprocasdsfrom lowar lefl-handcomgr toupperrigkt-hand wmsr of 
each plot a! the velodty indidad 

oifivewellsdiscussed in thesecond example Naturally, 
under stagnant aquifer condftions. the unknown well 
creates a hydraulic divide by distorting the flow fleld, 
but it does not cause breakthrough of the flow line 
from across the line of five wells (Flgure 9A). Wlth a 
natural flow velocity of 0.5m/day. however. flow lines 
do begin to break through the line of nve pumping 
wells [Figure 9Bl. Substantial fallure of the pumping 
scheme occurs at 1.0mlday natural flow velocity (Fig- 
ure 9C). Contrast the onset of breakthrough due to 
unknown pumpage [Figure 9Bl with the same sltua- 
tion in the absence of the unknown pumpage Fig- 
ure 9Dl.Thelmpactoftheunknownwell isstaggering. 
not only because flow line breakthroughs are occur- 
rlng. but thecollective size of the capture zones of the 
five pumping wells is being substantially reduced. 

. '. Another illustration of the impact ofan unknown 
well on theeffectlvenessofapurnpingschemeisshown 
in Figure 10, which is thesameexanpleas dlscussed 
earlier (Figure 6) for a closed-loop aquifer rehabflita- 
tlon system. Under stagnant aquifer conditions. the 
unknown well diverts flow away from two of the injec- 
tion wells IFIgure 1OA). At l.Orn/day natulal flow 
veloclty, theunknownwell diverts flow fromfiveof the 
eight injectlonwells (Figure 10B). It also allows flow to 
breakawayfrom thewell field entirely.asindicated by 
the streamllne leaving the uppermost injection well 
and heading downgradlent in Figure 10B. The re- 
gional flow lines were omitted from Figure 10 and 
some of the diagrams in previous figures because 
inclusion of those flow lines would create confusion 
due to the excesslve number of plotted polnts 
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Conclusions 
Heterogeneity. anisotropy, partial penetration and 

so on distort drawdown patterns and associated velocity 
distributions. Ifknown,such influences can be used to 
enhance recovery efficiencies for remedial actions. If 
unknown. such influences may cause recovery effi- 
ciencies to be substantially lowered. Similarly. predic- 
tions of plume migration in non-ideal aquifers under 
non-purnpinglnatural fIowconditionswiIlbestrrngth- 
ened by specificknowledge regarding the occurrences. 
extent and magnitude of the non-ideal conditlon(s). 
Such predictions maybe seriously in error ifnon-ideal 
conditions are not emhated property. 

Denial of property access. loss by vandalism and 

unpredictableoperation ofnearbywells arealso major ~ 23 
sources Of uncertainty in predicting contvninant .?$ 
migration and in designing remedial actions. Though : 3 
commonly perceived to be less of an impact on opti- y 3  
mizing pumping strategies than non-ideal aquifer .? 
conditions. these factors may indeed be the most 
uncontrollable and the most detrimental to  opera- ?< 
tional success. Other factors that have major impacts.-& 
are <he physiochemical attenuation and biotransfor- E+$ 

mation potentials of the individual contaminant: it is -2 
not yet economically feasible to conduct adequately.,. .:' -3 detailed studies of these potentials on a routine site- 
specific basis. Finally. a factor often overlooked that 
greatly impacts optimization efforts is the risk of 
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Figure 9C. Hy&aulic gradient af 0.001 
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Figure 9D. HydrauIic grndient of 0.0005-without the 
unknown well 

mechanical and electrical opeiational failure; adequate 
contingency plans must provide certain minimal levels 
of excess/reserve capacity and redundancy of key sys- 
tem components. 

The capture zones of wells do not equal their ass* 
ciated zones of pressure influence (cones of depres- 
sion), except forstagnant aquiferconditions.Velocity 
distribution plots must be constructed to d e h e  
potentials of contaminant migration. In particular. 
plotting the streamlines for various scenarios involv- 
ing pumping andlor injection wells subject to a spe- 
cinc natural flow velocity can greatly assist the ground 
waterprofessional in selection of an optimal pumplng 
strategy. 
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A B S T R A C T  

4' 

Monitoring of the  unsaturaied'zone beneath a landf i l l  can provide an important 

lysimeters have been, used for  t h i s  purpose a t  numerous landf i l l s  in blisconsin 

beneatn a portion of the base of a landf i l l  t o  co l lec t  leakage from the S.ite. 

. early warn ing  system for  assessin9 , s i t e  performance. Pressure-vacuum i 
\ 

over the l a s t  decade. Unsatisfactory experiences w i t h  several of these 
ins ta l la t ions  lea t o  tha use of the collection basin or collection lysimeter --. as a monitoring tool.  A collection lysimeter i s  a 1Sned s t ructure  placed . 

A pipe extends .frcm the lysinieter t o  an. access p o i n t  outside of the l'iniits of 
f i l l  where collecred l iquid can be extracted. They are best s u i t e d  f o r  

'monitoring the unsaturated zone benealli I iiied l andf i i l s .  Collection . ' 

lysimsters have heen instal led a t  seven l andf i l l s  i n  Kisconsin. 
' design and perfcirmance data for the Narathon County a n d  Mekoosa Papers . 

Combined Treatinent Landfills i s  sumarized. Available d a t a  demonstrate the 
effectiveness of collection 1ysimeiers i n  monitoring 1.andfi.11 performance. 

Collection lysimeters h,ave the advantage. of providing a method of monitoring 
t h e  quantity as we11 as the quali ty of.leakage from a landfil'l. 
saxpling is easier  than with pressure - vacuum lysimeters. ' The major 
disadvantages are cost of fns ta l la t ion  a n d  i nab i l i t y  t o  nest collection 

collection lysimerers, including lysimeter location, number and  S i z e  of.  ' . . 

lysimeters, smple storage, construction materials, construction techniques, 
and  sainpling. 
use, the collection lysimeter holds promise as p a r t  o f  a to ta l  monitoring 

. .  

' .,' . . . . .  

The lysimeter 
. ' 

. .  
~ 

I n  3daltiOn, 

. 1ysiJeLers. Recomendatisns are made for  design and construction of 

Alrhough there i s  insuff lc ient  d a t a  t o  ful ly  evaluate t h e i r  

. .. program i n  provioing an early indication of lanofi'll performance. . .  . 

. .. .. 
. .  , 

. ,  . .  

, .  
. .. 

Environnenta) Engineer and  Hydrogeologist, Bureau o f  Solid Waste 
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P r m n t e d  a t  tile rlational !.!ater ilell Association Conference on tile 
Characteri-atidn a c d  XoEitorinq u f  t i le  Vadose (Unsatarated) Zorie 

' L ~ s  V Z ~ ~ S ,  . ~ ~ V J L ' J .  OZcriiiijer i; - li), 192.i. 



- 1.1- 
z 

In t h i s  case, as a t  the Nekoosa Papers Landfil l ,  the col1ection lysimeters 
appear t o  be functioning well as a monitoring tool i n  assessing l andf i l l  
performance. 
s ignif icant  ieakage through the clay l i ne r  t o  date and t h i s  Correlates well 
with the resul ts  from the monitoring wells. 

A t  t hz  Marathon County s i t e ,  the lysimeters indicate no  

- -_ 
Collection Lysimeters - Advantages an0 Disadvantages 

Both pressure-vacuum lysimeters and collection lysimeters can be used t o  
monitor the unsaturated zone beneath a l andf i l l  and provide an ear ly  
indication o f  landfi l l  performance. Each has i t s  own advantages and 
disadvantages, 

The' major advantage of a collection lysimeter i s  tha t  i t  provides a method of 
monitoring the quantity as well as the qual i ty  of leakage from the base of .a 
l andf i l l .  
representative of leakage over the en t i r e  base of the si te,  it- is possible t o  
calculate  the volume of leakage .from the en t i r e  landfi l l  and thus assess the 

rate of leachate movement. 

A l s o ,  collection lysimeters do not requite the special qquipment or the c u e  
tha t  i s  necessary t o  properly sample pressure-vacuum lysimeters. Samples can 
be taken from a manhole or  r i s e r  using a ba i le r  rather than a vacuum pump. 
addition, coliecLion lysimeters do not require  t h a t  a vacuum be plated on the 
system a t  least  several days pr ior  to sampling, as is the case with 
pressure-vacuum lysimeters. Uhen the monitoring results from a l a n d f i l l . .  
indicate t h a t  one or more pressure-vacuum lysimeters are dry, one i s  never' 
sure whether there was insuf f ic ien t  so i l  moisture or whether improper sampling 
techniques were used, W i t h  collection lysimeters, one i s  reasonably cer ta in  
t h a t  i f  l iquid i s .  present i n  the subsurface, i t  will be collected. Collection 
lysimeters a lso eliminate the problem of frozen lines i n  cold weather which  .. 

Research (Apgar and Langmuir ,  1971; Johns,on and Cartwright, 1980; and others).; 
has suggested tha t  some chemical consti tuents may be f i l t e r e d  out by the 

,porous membrane of the pressure-vacuum lysimeter, thereby producing inaccurate' 
water qual i ty  d a t a .  
there is no msnbrane .present. 

The major d isadvantage  of a c'ollection lysimeter i n  comparison w i t h  a 
pressure-vacuum lysimeter i s  the  1ower.cost and shorter time required for 
pressure-vacuum lysimeter ins ta l  lat ion.  .Whereas a' pressure-vacuum lys ine te r  
i s  ins ta l led  in bored hole, construction of a collection lys'imeter 

a necessitates excavation of suf f ic ien t  area t o  appcopriate grade t o  i n s t a l l  the 
basin, col lection pipe, a n d  manhole., A substantial  number of pressure-vacuum 
lysimeters could be instal led in the time and for the cost of one col lect ion 
lysimeter construction. A 'pressure-vacuum lysimeter can be ins ta l led  .for less 
t h a n  $100 plus dril l . jng costs .  .Although clata. is  limited, t h e  cos t  of 
collection lysimeter iristal la t ion.  .including excavation, maier ia l s ,  and 
construction costs, i s  expected t o  be several , t housand  dol1ars:and can 

If one assumes t h a t  t he  .leakage reaching the lysimeter i s  

, 

* .  effectiveness of. the l iner  i n  attenuating the leachate and  in l imiting the 

In 
. 

' 

can occur w i t h  pressure-vacuum lysimeters. 8 '  

, 
,?. 

This i s  n o t  a.concern w i t h  collection lysimeters s ince  

. .  

p :  

. .  

4: 
. 'approach 510,000 fo r  the larger lysimeters. . ' .  . .  

. .  ' .  
. .  . . .  . . .  . .  
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. .  
:* . Another disadvantage i s  t h a t  on ly  one c o l l e c t i o n  l ys ime te r  can be i n s t a l i e d  a t  

a given loca t i on .  
unsaturated zone, t y p i c a l l y  j u s t  belorr the  c l a y  l i n e r .  
pressure-vacuum lys imeters  are f requent ly  i n s t a l ' l e d  i n  a nest a t  d i f f e r e n t  
depths t o  moni tor  changes i n  w a t e r  q u a l i t y  w i t h  depth. 

Recommendations 

A f t e r  a c lose  examination of the  c o l l e c t i o n  lys imeter  designs of t h e  various 
s i t e s  i n  Nisconsin, the f o l l o w i n g  design recommxdations are made: 

Therefore, data i s  generated f o r  o n l y  one depth i n  t h e  
I n  cont ras t ,  

0 

-- 

1. 
. 

3. . .  

t 
. .  

Locat ion:  The c o l l e c t i o n  lys imeter  should be located .well above t h e  
water tab le .  

w i t h  l ys imeter  cons t ruc t i on  or r e s u l t  . in  groundwater i n f i l t r a t i o n  i n t o  
t h e  lys imeter  leading ' t o  erroneous mon i to r ing  resu l t s .  

The basin should be placed d i r e c t l y  beloig and p a r a l l e l  t o  t h e  l i n e r .  A 
one t o  two f o o t  separa t ion 'd is tance between t h e  upper edge of t h e  
l ys ime te r  and the  c l a y  l i n e r  i s  recommended so t h a t  the  l ys ime te r  w i l l  
not be damaged dur ing  l i n e r  construct ion.  

The leachate head, ' l i n e r  thickness and consequ'ently the  amount o f  
leakage w i l l  vary throughout the  base o f  a - l a n d f i l l .  
l ys ime te r  cannot g i v e  a p rec ise  measurement o f  the t o t a l  amount of 
leakage t h a t  w i l l  occur. There are two approaches t o  s i t i n g  a .' 

c o l l e c t i o n  lys imeter .  
l ys in ie te r  should be loca ted  i n  an area where leachate i s  l i k e l y  t o  f l o w  
t o  and b u i l d  up such as a t  the  .lo:r end o f  the s i t e .  I f  a m o w  
representa t ive  mon i to r ing  o f  t o t z l  s i t e  leakage i s  desired, then the 
lys imeter  or a ser ies  o f  lys imeters should be, loca ted  so t h a t  a 
representa t ive  sample or  samples o f  t h e  whole s i t e ' a r e  obtained. 

The basin and sampling riser/manhole shoula be.1ocated so t h a t  i t s  
i n s t a l l a t i o n  and subsequent nor t i to r ing  w i l l  no t  i n t e r f e r e  w i t h  t h e  
cons t ruc t i on  and operat ion o f  the s i t e  and so t h a t  the sampling 
r iser/mznhole w i l l  no t  have t o  be constructed t o  great depth. 

Number o f  basins: Where possible,  more than one cc j l lec t ion  l ys ime te r  
should be i n s t a l l e d  i n  d i f fe ren t .phases  t o  p rov ide  a comparison o f  t h e  
performance o f  the d i f f e ' r e n t  phases. 
l ys ime te rs  a lso  al lows moni tor ing o f  the l a n d f i l l  performance even if 
one o f  the  lys imeters . f a i l s .  
c o l l e c t i o n  . lys imeter  be . ins ta l l ' ed  beneath the  f i r s t  phase of  f i l 1 , i -ng  t o  
prov ide  an e a r l y  i n d i c a t i o n  o f  'the e f fec t i veness  of the c lay .  l i ner .  

Size: The c o l l e c t i o n  lys imeter  should be s u f f i c i e n t l y  s izea  t o  .ensure 
c o l l e c t i o n ' o f  an adequate anount.of  sample.to do the necessary 
a n a l y t i c a l  'work y e t  no t  so l a r s e  as t o  creat,e a maintenance problem by 
needing f requent  pumping o f  the  co l l ec ted  l i q u i d .  
l ys imeters  i n s t a l l e d  t o . d a t e  ranye i n  s i z e  from 25 t o  7,400.square fee t ;  

k minimum.separation d is tance o f  10 fee t  i s  recomended t o  .Ai avoid the  p o s s i b i l i t y  t h a t  a r i s e  i n  the water t a b l e  could i n t e r f e r e  /! 

Thus, a c o l l e c t i o n  

I f  worst  case mon i to r ing  i s  desired, t h e  

: 

I n s t a l l a t i o n  o f  m u l t i p l e '  

I t  i s  recommended t h a t . a t  least  one 

The c o l l e c t i o n  
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... 

w i t h  the exception of Nekoosa. most collection lysimeters have been at i 
i l eas t  1,000 'square fee t  i n  s i ze  (see Table 11.1). 

d a t a  exis ts  on the performance of the lysimeters a t  these s i t e s  t o  
determine the appropriate s ize .  
recommended t h a t  collection lysimeters continue t o  be sized 
conservatively large. For clay lined s i t e s  i t  would appear a lysimeter 
s i ze  of 1,000 f t 2  t o  5,000 f t 2  in area s h o u l d  be adequate. 

TABLE I11 - Su.mmary of Information on Collection 
Lysimeters Installed a t  Landfills in Wisconsin 

However, insuff ic ient  

- I U n t i l  such data is available,  i t  i s  

. 

. . '  

Date Liner Liner Lysimeter. 
Landfill (License No.) InsIalled Materi a1 Thickness Size . 

100 f t . 2  I 40 mil 
* 25 f t 2  

Nekoosa Papers ($2613) 1976 PV c 
1980 PVC 

Marathon Co. (#2892) 1980 PVC 20 m i l .  760-1000. f t2 
! Portage Co. (P2966) 1982 PVC , 30 mil. . 7400 f t 2  I 

Sauk Co. ($2378) 1982 PVC 30 mil' 900 f t ?  

. .  

I 

t 
Rhinelander Papers (#2965) 1982 PVC 20 mil 3300 ftz 

Green Co. (f2990) 1983 CSPE 36 mil 5600 f t 2  

Barrett  ($1 940) 1983 PE 30 m i l  1000 f t 2  

4. 

5. 

* SOR 35 pipe, minimum thickness .437 inches 

Sample storage: Due t o  t h e  uncertainty iQ the  amount o f  l i q u i d  expected 
t o  be collected, sample storage f a c i l i t i e s  should be s ized  i o  allow 
considerable f l e x i b i l i t y  i n  storage capacity. 
and convenience, samples should be re t r ievable  without requiring a 
person t o  climb into a.mannole t o  obtain the sample. The.use of a 
narrow diameter sampling r i s e r  as . the  primary method of sample r e t r i eva l  
plus a manhole for overflow storage and t ransfer  l ine access appears t o ,  

, be a workable yet simpl? approach t o  meeting these requirements: 
Figure 2 is  an exanple o f  how such a system could b e  designed. 

construct a collection lysimeter. In .  select ing mater.ials, durabi l i ty  i s  
a prime concern since the. lysimeter cannot be replaced once i t  i s  

'a.'The basin . i t se l f  should be Tinad w i t h  a material tha t  i s '  l ess  

If possible, for  safety 

! 

Materia.ls: . There are a wide variety of materials t h a t  can be used t o  I 

' . .  F .  
. in.sta~l1 ed. -- 

. - penciaale t h a n  the overlying clay l i n e r  and i s  chemica1,ly .c,mpatible 
with the underlying s o i l s  and the exp.scted 'liquid. 
reinforced polyethelene (PE) and chlorosulfonated polyethelene (CSPE). 

In Wisconsin, 
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were each used as l iner  material a t  one Site.  A t  the other f i v e  
s i t e s ,  the collection basins were constructed of PVC (see Table 
111). Although chemical compatibility of the lysimeter l iner  with 
the s i t e  leachate i s  a major consideration in material selection, i t  
i s  not f e l t  t h a t  compatibility tes t ing  i s  warranted a t  t h i s  time 
because the lysimeter will be collecting a l iquid of l ike ly  lesser 
strength than raw leachate since i t  will have passed through the clay 
l iner .  However, i f  there i s  any d o u b t  as t o  the a b i l i t y  of  the l i n e r  
material t o  contain the collected l i q u i d ,  then compatibility tes t ing  
s h o u l d  be done or another type of l iner  material selected. 

As shown i n  Table I I I ,  l iner  thickness has varied considerably b u t  
i s  generally abou t  30 mils. 
m i n i m u m  30 mil thickness i s  recomended. 

The t ransfer  pipe should have a perforated section extending a 
substantial length of the lysimeter t o  provide good hydraulic 
connection and minimize the possibi l i ty  of clogging. 
pipe s h o u l d  be constructed of schedule 80 p i p e  t o  protect a g a i n s t  
possible crushing since bedding of the pipe will be d i f f i cu l t .  A 
minimum diameter of 6 inches i s  recommended t o  allow f o r  clean o u t  
should the need ar ise .  

If f lex ib le  membranes are used, a 

The t ransfer  

I - i 

I 

? 
L * i. 

Construction: Careful construction of a collection lysimeter i s  a 
musti Uncontaminated.materials should be used i n  construction t o  insure 
collected liquid quali ty i s  not influenced. If a . f l ex ib l e  membran.e i s  e '. 

used then standard construction,'procedures should  be used. t o  .insure 
proper ins ta l la t ion .  
inspected t o  rmove a l l  roots, stones or ather sharp objects. : In some 
cases, over excavation and replacement with se l ec t  s o i l s  may be 
necessary t o  provide the proper bedding. 
seaming i s  particularly important. 
seams should be kept t o  a minimum. 
factory prefabricated sheet .wherever possible. 
boot should be used t o  insure a leak proof connection i s  made between 
the l iner  and the t ransfer  pipe. Also, t he  use o f  a similar material 
f o r  the l iner  a n d  t ransfer  pipe i s  recomended t o  f a c i l i t a t e  bonding 
between the t h o .  

The subgrade beneath the l i n e r  should be careful ly  

As with any f lex ib le  .membrane, 
Where possibl?, the number of . f ie ld .  
This can be done by u s i n g  a s ing le  

A specially fabrica.ted 

; 
. .  i 

permeable granular material t o  insure .it will be f r e e  draining. . T h i s  . ' ;. 

i ' .' 

The basin should be backfilled with.'a clean"(1ess than 5% PZOOj,, highly. 

be punctured and t h a t  the drain pipe wi l l  h a v e  adequate s u p p o r t .  The " i 

1 

material should be sized appropriately t o  insure the membrane w i l l  n o t  

potential for  piping o f  backfil l  material in to  the t ransfer 'p ipe.shdulp 
a150 be considered when sizing rhe backfi l l .  This i s  part icular ly  
impor t an t  because, should significant piping occur, i t  could undermine 
the l iner  and affect  i t s  integrity.  Given these concerns with ' the 
backfil l  .it'may be necessary t o  use spec,ialiy.graded backfiil materials 
and/or geotextiles t o  meet a l l  of these requirements.. I t  i s  a l so .of  
utmost importance t h a t  the s o i l s  uti l ized are uncontaminated s o  t h a t  the L 

. .  . .. . .  
5- 

', 

.. , 
S '  
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These soi.ls mav a lso  rjrovide for  a more 

quali ty of collected l i q u i d  will n o t  be  adversely affected. On-site 
soils may bc acceptable since these .lysimeters are typical ly  specified 
a t  s i t e s  Witn  perr~leable so i l s .  1 

accurate flow measurement since soils of a s in6lar  textllre would be I 
located within and external t o  the lysimeter. 
contain considerable f ines  the i r  use may n o t  be desirable a3 they mdy 
r e s t r i c t  drainage, 

However, it' on-site s o i l s  

Once instal led,  the lysimeter should be tested by spraying with clean . 
water and drained t o  insure i t  works. Tnis will a'lso help consolidate 
the backfilled so i l s  above the lysimeter. lhe  i n i t i a l  layers of clay 
compacted over the lysimeter sliould be carefully placed so n o t  t o  damage 
i t  or the  t ransfer  pipe. 

collection lysimeter, t ransfer  pipe and  smpling manhole as ins ta l led  i n  
the f i e ld  sltould be recoi-ded'oii the engineering plans. 
u t i l i zed  i n  construction and construction procedures used s h o u l d  be 
carefully docui!iented. 
highly recommended. 

t 

... 
> 

7. As-built documentation: The exact locdtiori arid elevation of the 

A l l  iriarerials 

Pnotoyrdpns of .collection basin construction are  

8. Sample retr ieval :  The quantity and quality of l iquid collected by the 
basin should  be determined on a routine basis. A monthly schedule i s  
preferred while the s i t e  is  actively operating. 

-It i s  also important t o  note tna t  the  collection lysimeter should be 
considered as only otie part  of the monitoring system for a landf i l l .  
complete norii-toring program would a1 so iricl ude wells to .  monitor yroundvrater 
qual i t y  and leachate we1 1 s t o  fiioni to r  1 eachate head . I  eve1 s and 1 eachate 
quali ty w i t h i n  the landf i l l .  
quali ty o f  leachate removed from the collection system.. A coinDiridtion o f  
pressure-iacuum lysimeters and collection lysii teters o r  other monitoring 

zone. 

' a  
A ' , ,  

Records s h o u l d  a l s o  'be kept of the quantity and 

devices could be used t o  provide more coiilplete nioriitoriny of the unsaturated r 
, .~ 
! 
i 

i , a  

. Sumary 

Monitoring of the unsaturated zone beneath l.andfi1ls i s  desirable t o  provide 

ic- .,' 

. .  an ear ly  indication of s i t e  performance'. The pressure-vacuum lysimeter i s  one 
device for  vadose zone nanitoriny b u t  h a s  net  w i t n  7imited success i n  
Wisconsin. As a result, the use of .col lect ion lysimeters (or co'llection . . 

. .  

! 

. 1 
.-- . . 

. .  

- .  . . .  . .. 



P 
basins) has evolved as an alternative technique for monitoring the .unsaturated 
zone beneath clay lined sites. 

performance data for two of these sites; some design recornendations have been 
provided. 
and offer the ability to monitor the quantity as well as the quality of 
leakage from a landfill. 
nest collection lysimeters. 

Collection lysimeters have been installed at 

Collection 1ysimeters.have the advantage of increased reliability 

,2 

. seven landfills in Misconsin to date. Based on a review of the design and 
;/' 

The major disadvantages are cost and inability to 

* .  6 It should be noted that collection lysimeters are still in the developmental 
stage and ,that further refinements in their design will likely occur as a 
broader experi'ence ktith their installation and use is gained. In the interim, 
the reconvendations provided in this paper can be used as general guidance fo'r 

_. designing these lysimeters but should not be considered the final word in 
their design. 

Although there is insufficient data to fu'lly evaluate their use, the 
collection lysimeter holds prornise as part of a total monitoring program in 
providing an early indication of landfill performance. 

--. 

. .  

. .  
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- January 19,  1984 

Mr. David M. Nielsen 
Symposium Coordi nator  
National \.later Ne11 Association 

. 500 West Nilson Bridge Road 
Northington, OH 43055 

Filc Rcl: 3200-1 

1 

. ,  

---- 
Dear Mr. Nielsen: 

Here, as requested, at-e responses to  the questions for the paper I presented 
i n  Las Vegas. 

Q. 

A. 

Does the Wikconsin ONR routinely require the use of collection lysimeters 

Vadose zone monitor ing fo r  new l andf i l l s  i s  a s i t e  specific decision. In 
general, vadose .zone monitoring i s  required wheii l iners  a r e  uti1,ized ( t o  
check for l iner  leakage) or' a t  unlined ' 'natural  attenuation" s i t e s  wkI,ere 
there i s  a substantial separation distance t o  groundwater., To date ,  15 
landfills'have been required to  instal7 pressure-vacuum lysimeters and 7 
l andf i l l s  t o  ins ta l l  collection lysinieters. 

What probleias have been experienced with the use of suction lysimeters 
a t  Wisconsin landf i l l s?  To what are  these problems at t r ibuted? 
(Mr. Se igr i s t  and Mr. Welby) 

or other vadose zone monitoring devices beneath l andf i l l s ?  (Mr. Evans) I 
I 

J J '  iL 0 . 

Q. 

. 
A. The main problem experienced w i t h  suction lysimeters has been the inabi l i ty  

t o  a f a i lu re  o f .  the technology. 

t o  obtain samples consistently. Because experience i n  the 1 i t e ra ture  has 
shown these devices t o  work effectively this problem is probably not due 

improper insta.1 lation and/or  sanipl ing techniques. 

Q . .  The recomiiiended method for drain,ing the collection lysjmeter ,by penetrating 

out? (Mr. Newell) l 

I 

! 

Rather, i t  i s  probably a t t r ibu tab le  t o  
I 

i .. 

: 
the  membrane appears t o  be inviting leakage a t  this point. Wouldn't i t  be 
bet ter  t o  create  a sump and r i s e r  a t  the low end o f  the device to  pump i t  

The use of a properly sealed, prefabricated boot a t  the membrane-transfer 
pipe connection should minimize leaka.ge a t  th is  point. The u,se of a julilp' 
and r i s e r  may be d viable a l ternat ive provided the r i s e r  does not have t o '  . 
penetrate the landf i l l  ' l incr.  . T o  do this  would require the use of .an 
angular  r i s w  niakincr saiiiule retr.ieva1 illore d,ifficul t. 

A. ' 

. 

i 

. .  . r  
. .. , ... , I , :  . -, . -  , ..* ., i _". ~_.I ... . I t. 

. .  
.. 
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a 49. Kuhns v. ,Santa Cruz County 
Board of Supervisors. 181 Cal. 
Rptr., 128 Gal. App.  3d 369 

Index to Rulemaking File Underground Storage Tank Regulations Title 23, Waters 
Division 3, Water Resources Control Board Chapter 16, Underground Storage Tank 
Regulations 1985 



KUHNS v. SANTA CBUZ COUXTY BD. OF SITP’RS 
Citea*Ap& IS1 W R p l r . I  

128 Cal.App.3d 369 
Denial of a permit to engage in z wn- 

3. Constitutional b w  6..82(3) % 

First Amendment related business on the 

applicant can only be sustained if t h ~ e  G a 
. basis of prior misconduct on part  of the , ’ Feb. 1, 1982. ’ “ ’  

Feb. 24, 1982. 
?hdiified on Of Rehearing clear and present danger that s&o~.suk- 

Provision of zoning ordinance tht l ea  

significant portion of its stock in trade” an adult bwhtorevs st& in trde mrekt. 
meant over one half of the stock and trial of books, or other or 
~ u r t ’ s  choice of 20 percent figure w a s h -  devices distinguished op charac+& by 

on their ma@ &pi&ng, 
adult boo’ksto~s under name describing or relating to specEd. semd 

8: interpretation; (3) phrase “substantial or than a or significant posoon a: . . 

8 

(4) applicant, who OPemtd two Oth- their 

and “adult” sales. 6. .Ohsce& b 2 . 5  
Modified and affirmed. 



. . . . . . .  . 

2 181 CALKFORNI -4 REPORTER 128 CaLApp.3d 3S9 

7. Zoning and Planning 0382.1 
Condition of planned .development per- 

mit to  operate general bookstore that oper- 
ator stock not more than 20 percent adult 
items could. only @ justified if it furthered 
legitimate governmental interest for which 
the ordinance was enacted.. U.S.CA.Const 
Amend. 1. 
8. Zoning and Planning 0 7 6  ’. ’ 

Where zoning ordinance precluded a 
significant or substantial portion of general 
bookstore’s trade items =.adult items the 
trial court’s choice of a 20 percent figure 
was admittedly arbitrary, was an invasion 
of le,&lative body’s province and was inval- 
id and although phrase “substantial or sig- 
nificant portion” lacked clarity, if over half 
of the stock vas “adult” such portion was 
both “substantial” and “significant” and i t  
was for .the legislature to quantify the 
phrase if it intended to  allow a lesser por- 
tion. 

See publication Words and.Phrases 
for other judicial constructions and 
definitions. 

9. Municipal Corporations 0111(1) 
An ordinance will not.be held void for 

uncertainty if any reasonable or practicable 
construction can be given as language. 
10. Zoning and Planning -278 

Where no more than a “substantial or 
significant portion’! of books, etc. sold in 
bookstore could be “adult” items, substan- 
tiality was most reasonably measured in 
terms of titles on display for sale with 
nonidentica1,materials with the same “title” 

I 

, cons ided  separate. 
’ See publication Words and Phrases 
for other judicial constructions and 
definitions. . 

11. Constitutional Law -!XJ.1(1) 
An on-premise business sign is protect- 

ed both as a property right and as a limited 
First Amendment free speech right. U.S.C. 
A.Const.Amend. 1. 
12. Zoning and Planning -81 

Sue, location and other physical attrib- 
utes of on-premise3 business signs may be 
regulated in the interest of public safety 
and aesthetics, although there is no.authori- 

s. 

ty  which allows’proEbiSon of a nonoffen- 
sive name simply h a u s e  the ;name may. 
attract undesirable cEen2ele- 

13. Zoning’ and P l a n d i g  e 3 8 2  
Although applicankfor 2.permit:to:op- 

erate general bookstore under name 
‘‘Frenchfs” owned tvo z d d t  bookstores. in 
the same.area under the same name, ‘mndi- 
tioning permit on use of s i 3  which did. not 
include name ”Frenchy’s” w= inconsistent 
with applicant’s rights U.S.C.A.Const. 
Amend. 1. 

14. Theaters and Shows. -2 
Use of police poser to limit Iocation of 

adult movie and;mki theaters to .protect 
character of neighborhwds 2. constitutional, 
but prohibiting use of notfon picture ma- 
chines goes beyond plice power purposes 
because it precludes the preentation of no- 
nadult motion pietiires W.S.C.A.Const 
Amend. 1. 

15. Theaters and Shows -2 . . 

Prohibiting all motion picture machines 
at general bwkstorr was overbroad and 
was to be limited to prohibiting presmta- 
tion of adult motion pic:urei to  the extent 
required by zoning ordinarice. U:S.GA. 
ConstAmend. 1. 

16. Zoning and Planning b 3 8 2  
Although genera! bO0ks:ore was limit- 

ed in quantity of adult materials i t  could 
offer for sale, i t .wasunresnable  and un- 
necessary to require sales e e i p t s  to  con- 
form to a strict pereentage rquirement and 
conditioning permit on submission of sales 
receipts of regular and “a&lt” items was 
void as not in furthsrance of police power 
purpose. U.S.C.A.CcnsUrrend. 1. 

. .  ... 

Joseph Rhine, Ho!lyv;ood, for phintiff, 
appellant and respordeni . 

Clair A. Carlson, County Counsel, and 
James hI. Ritchey, . k s t  County Counsel, 
S a n k  Cruz, for aefer.dmt, respondent and 
appellant. 
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KUHNS v. SANTA CRUZ COUNTY BD. Or“ SW’RS 3 

The Santa Cruz County Board of Supervi- 
128 CaI.App.3d 374 Citeu.App, 181 W,Rptr. 1 

, [GERALD BROWN, Presiding Justice. rcr 

B 

- 
Earl Stanley KuhF,. plaintiff, appeals 

conditions attached to a writ of mandate 
ordering the Santa Cruz .Board of Supervi- 
sors, defendant, to issue him a planned de- 
velopment permit to operate a general 
bookstore. The Board of Supervisorj cross- 
appeals claiming the court erred in granting 
the writ. 

Kuhns is the owner of property in Santa 
Cruz. He applied for a planned develop- 
ment permit to operate “Frenchy’s’’ an 
adult bookstore. His application was re- 
jected because such a store would violate a 
Santa Cruz County zoning ordinance.‘ A 
year later Kuhns reapplied for a permit, 
this time to operate a general bookstore 
with the same name at the same location 
This application was also rejected. Kuhns 
refiled his general bookstore application, in- 
sisting he did not intend to operate an 
”adult” bookstore. The Santa Cruz Zoning 
Administrator approved the permit subject 
to certain conditions: 
(1) A new sign should be built which does 

not include .the.name “Frenchy’s”;. 
(2) The property should be used as .a 

bookstore and not as an “adult” bookstore; 
(3) The store must comply with the zon- 

ing ordinance hy not including “as a sub- 
Sbntial or significant portion of its stock in 
trade” books, ma-dnes or other publica- 
tions or devices which are “distinguished. or 
characterized hy their emphasis on matter 
depictinE, describing, or relating to speci- 
fied sexual activities or specified anatomid’ 
areas”; . 

(4) No motion pictures shall be permit- 

(5) Sales records are to be kept in two 
Qtegories of regular and “adult” sales and 
are to be submitted for review on a bi- 
monthly basis. 

1. n e  property is located in a ~ommercia~-2 

ted; 
. .  

sors then requested a public hearing to re- 
consider Kuhns’ application. The Board 
considered Kuhns’Lbackground: he owned 
two other adult bookstores in the area (also 
named “Frenchfs”); he was convicted of 
distributing obscene haterials in Santa 
Cmz County; he has been involxed in three 
civil proceedings seeking to compel ihe 
County to permit him to operate an adult 
bookstore at the same loeation; and he o p  
ep ted  an adult bookstore.at this location 
without the r e q u i d  permits until enjoined 
from so doing. 

The .Board concluded it was ‘unlikely 
Kuhns would comply &th the law. and re- 
frain from operating an adult bookstore if 
granted the permit. It further concluded 
operat/on of any type of bookstore hy 
Kuhns would generate law enforcement 
problems requiring substantial costs in time 
and money to monitor and enforce compli- 
ance with the permit conditions. 

The superior court granted Kuhns a per- 
emptory writ of mandate setting aside the 
Board of Supervisors’ decision and ordering 
the Board to issue a permit subject to the 
conditions imposed hy the zoning adminis- 
trator. The eourtfound the Board’s denial 
of the permit to be a prior restraint of free 
speech and thus an . ahuse of discretion. 
The court later clarified the phrase “sub- 
stantial or significant portion of . . . stock 
in trade” to mean not more than 20 percent 
of the store’s stock in t d e  for sale to the 
public 

court erred in granting the writ because t h e  
denial of the permit was properly hased on 
Kuhns’ past behavior. , , 

; 

The Board of Supervisors claims the . . 

11-31 Although bookstores are not ex- 
empt from reasonable regulation, they.are 
entitled to First Amendment protection 
(Smith v. California, 361 U.S. 147, 150, 80 
S.Ct. 215, 217, 4 L.Ed.2d 205). The denial 

an adult establishment may not he located’ 
Planned Development Zone. The County Code 

of adult bwk-  
However. in 

Comercial-Z Districts the code requires such 
establishments to: h i  dispersed. Specifically, 

within 1.000 feet of another’adulr establish- 
ment. within 500 feet of a school or public 
playground, or within 400 feet of a resid&:nrial 
area 
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of a permit to engage in a constitutionally erties, Inc. v, City Cbuneii, 1W Cal.App.3d ,, , , 

protected activity is a total prior restraint, 1013,161 Cal.Rptr. 411). 
and a3 such comes to a court bearing a [Gg] Kuhns claim fie: px-e “distig- ‘. 
heavy presumption against its constitution- guish& or chamcterized by emphask an . 
a1 va1idity (EWAP. he. v. city of An- matter depictEng [certain sexual acts o r . a e  ,’ 
gel=, 97 CalApp.3d ‘17% 185, 158 C a W t r .  atomieal a&q is qalitati.xe~~ v a s %  
579). A refu=l.to issue a pennit to conduct However, we e no reason not  .to accept 

,. : a First Amendment related business based the narrowing ~terprn~t ion.of  this.pba , 
on the applicant’s prior misconduct can Only adopted in pringe, v. city, of covin? 
be sustained if there is a clear and Present Cal.App.3d 151,171 Cal.Rptr: 25L He ako 
danger that serious suhstantive evil would argues the phrase, ~ ~ ~ ~ b b ~ a  si,snifi- ‘ 5  
result from granting the license (Id. at p. cant portion of ikstock in trade” : 
1%,m Cal.Rpk. 579). Pemhe v. Munfci- tatively vague even in light. of the coues j 
pal 5 Cal.3d 65697 Cal.Rpk. 320.488 clarification of the “mbsbntial of :: 
P.2d 648, held an applicant’s prior criminal signxicant portions. to 2o pereenL I 
conviction for selling and distributing ob- Kuhns says the 2o pwknt,fipk :. 
scene material does not indicate such a dan- arbitrary and the ordinance is as .% 

bookstore baed on such a conviction is un- 
constitutional (id. at p. 665, 97 CaLRptr. 

[41 AWoAnglY, Kuhns’ Past conviction 

2 7 5  ger, and the denial of a l p e m i t  to 0perate.a what “stock in traae for:sale- the pdlytm, j i  
to. 

The 20 percent figure &n only he jus6 ’ .-$ 320,488 P a  M). 
fied if it .furthers the legitimate govern-. 
mental interest for which the ordinance 

367,377, 88 s.Ct 1673,1679,20 L,W2d 6%2 . 

for distributing obscene materials is not a enacted v. cy~e~~,  391 us. . 
Propr  basis for a permit. 2 over, it is absurd to find Kuhns has forfeitr ,3fjm-. supra, 
ed his First Amendment rights bcause he 427 u.s, 50, 
attempted to assert those same rights in 49 L.Ed.2~3 310). The ordin2nce must be three civil suits. Hence, the Board‘s denial , . r~ona l ly  ,tailored to support its 
of Kubns’ permit was an unconstitutional purposee.” (young v. Americzn ~ j j , j  Thea- 
erly set by the Of mandate. , 2153, 49 L.Ed.2d 310, conc. opn. of Powdl, 

Kuhm appeals the constitutionality of the J.) The trial court’s choice of ‘20 pemz~t 
ordinance and the conditions attached to his ws admittedly arbitrary, pia. an invFton 
permit. He contends: (1) the zoning ordi- of the legislative M$s province a n a  is 
nance is unconstitutional because i t  is a invalid. While an ordinance will not. b 
prior restraint of free speech and is vague; held void for uncertainty if any reasonable. 
(2) the condition prohibiting the use of the or practical construction can be given its 
name “Frenchfs” on the store’s sign 60- language ( ~ ~ ~ ~ j ~ ~  Union V: , 

l a t e  hiis right to free commercial speech; Board of Education, 59 C a E d  203, 218; 28 
(3) the condition prohibiting all motion pic- ~ ~ l . ~ ~ k .  700,379 p a  d), the ‘”;lb- 
tures is unconstitutionally overbroad; and stantial or significant portion- lacks clarity. 
(4) the condition requiring the submission Of However, if Over half of a bookstorn’s s t x k  
sales receipts is a prior restraint of free is the adult podon is both s u b s b e  
speech . ’  tial and si@’ifieant If .the Board of S u p r -  

the ordinance is a pri- visors intended to  allow a lesser p~rtior, it 
or restraint on f k e  speech based upon con- behooves them to q u a n a y  the p-. and 
tent This argument was rejected in Young make findinp showing their f i w e  is om- 
v. American Mini Theatres, A X  US. 50, 96 sonant With the govemme&l interest be- -’ 
S.Ct. 2440, 49 LEd.2d 310, which involved ing pmtecterl. Until. such time, a prepon- .:!$ 
an ordinance nearly identical .to the Santa derance of the store’s stock in  trade must . 

Cruz ordinance here (accord, Walnut Prop be “adult” (as def ind  in*thz ordinagce) in 1 

96 s.ct w, 

&, 
-, 

i 

prior r e s h i n t  of free speech and was prop- supra, 427 u.3. 50, 83, 96 s.ct. m, ., 

[SI Kuh& 
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ortier for the store to be deemed an “adult 
b o k  store” within the ambit of the zoning 
ordinxnce as written. (See Pringle v. City 
of &&a, 115 Cal.App.3d ‘151, 162, 71 Cal. 
Rptr. 251.) ’ . [16] Kuhns contends the condition re- 

There is nothing cryptic in the quiring the’submission of sales receipts is 
phrdse in trade for sale to the pub unconstitutional. No legitimate purposeiS. 
lit., No mOce a ‘‘subs&ntid or signif- served by requiring the submission of such’ 
icant of the book, magazines or records. The store is4imited in the quanti- 
other materia;ls in the store may be ty of adult materials it may offer for sale to. 
ndult as defined in the l-yis is the public. It is unreasonable and unneces-. 
most reasonably measured in term of titles saw to require the d e s  receipts a h  con-’ 
on display for sale (with nonidentical mate- form to a strict percentage requirement. 
rials v+th the same “title” considered sepa- The condition is void as it is not in the 
rate). furtherance of the poke power purpose. 

[11-13] Kuhns contends he has a consti- The integity of the judicial process re- 
tutional right to use the name “Frenchy’s” lates .to the trial court’s ability to enforce 
on his sign. An on-premise business sign is its orders. A practical method ‘to assure 
protected both as a property right (Serve compliance with the ordinanceas.interpret- 
Yourself Gas e t c  A m .  V. Broek, 39. Ca1.Z ed is essential. This control should be eser- 
813,819, ?A9 P.2d 545) and as a limited First cised without impinging on Kuhs’ First 
Amendment free speech right. ( C a r h  v. Amendment rights and without unduly 
city of P a h  S P ~ W S  14 C ~ I . A P P . ~ ~  706 terfering with his business interests. The: 
71% $2 Cal.Rptr. 535). The size, location, manner of control remaim an appropriate 
and other physical attributes of signs may area of inquiry and solution for the MaI. 
te regulated in the interest of public safety court upon of, e ~ -  
2nd aesthetics (id. at p. 712, 92 Cal.Rptr. dence. 
535). However, there is no authority which 
allows the prohibition of a nonoffensive A permit for operating a genera1 book- 
name &, = uFrenchyyp simp]y because store should be issued in accordance with 
the name may attract undesirable clientele. this opinion. : 

Such a condition is inconsistent with Kuhns’. The superior court shall modify the judg-. 
rights and cannot be imposed. ment to harmonize with this opinion. As 

[13,15] Kuhns argues the prohibition of modified, the judgment is affirm&. 
all motion picture machines at the book- 
store is unconstitutionally overbroad. The 
use of the police power to limit the location 
of adult movie and mini theatem for the 
Purpose of protecting the character of 

-& neighborhoods is constitutionaldYoung v. 
American Mini Theatres, supra, 422 US. 50, 
71-72,96 S.Ct 2440,2452-2453,49 L.Ed.2d 
310). However, prohibiting the use of mw 
tion picture machines gws  beyond the p 
lice power purpose (see Welton v. city of 

Angeles, 18 Cal.3d 497, 504, 134 Cal. 
RPtr. 668, 556 P a  1119) because i t  pre- 
cludes the presentation of nonadult motion 
Pictures. As such the condition is over- 

broad. The condition shouldhtead pmhib 
it presentation of adult motion pictures to  
the extent required by the ordinance- 

WIENER and MILKES,’ XJ., eoncur. 

. .  

) *Assigned by the Chajrperson of the Judicial Council. 
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Movement of Pesticides in Sod 4 
J. LETEY and W. J. FARMER 
Uiiiuersity of Cnit@-irin, Riucrsidc,. Cdq. 

I. IxmoDucrIox 

li;rlowicdgc on the distribution of a pesticide in soil is often desinble for pre- 
dicting the pr~~bilble cffcctivencss of the pesticide or  possible negative effects 
such as,\vilter or  air pollution. Movement of a pesticide through soil can oc- 
cur by two processes-diffusion and m x s  flow. Diffusion is the process by 
which matter is trnsportcd ;is a result of r.mdom molecular motion caused 
Ily llic molecule's tlicrmal energy. The random molecular motions gradually 
ciiiisc the molecules to become iniiformly distributed in the system. There is 
tlicrcfore net niovemcnt from positions of liiglier concentration to positions 
of Iowcr coiiccntr:ition. U n s s  flow occurs iis a result o f  external forces. The 
pesticide will be consitlcrcd to IK either dissolved or suspended in water, 
prescnt i n  the vapor phase, or adsorbed on solid minerd or orsanic com- 
ponciits of tlic soil. Niiss flowof tlic pesticidedierefore will result from the 
miiss flow of \vatcr nnd/or soil pwtic1cs.rvit.h which the pesticide molecitle is 
;issoci;itrd. Xl;iss flow, duc. to air niovcnienr in soil will he considered negligi- 
hle. 'I'otal rate of oiovcnicnt is the summiition of diffttsion and mass flow. 

Pesticide mo\'ement byiliffusion will he discussed first, followed by a 
discussion on niass flow. Ench siiliject wiil be considered in the seqtlence of 
ihcorctic;il considcr;itinns, pttlilisliud results. ;ind conclusions. Fur conveni- 
cncc, ii list of syrnliiils iiscil ;ind tlieir definitions is included as Appendix A. 
' I l i e  chemical nilnies of ;ill pesticides cited in this chapter are listed in Ap- 
pendix 1%. 

'Vlic re;ider is rcfcrrcd io  Ikimaker (1972) for another treatment of dif- 
fusion of  organic chemicals i n  the soil systcin. 

rr. DIFFUSIOS . 
A. 'Chcorctical Coosidcratioiis 

The m;ithematical theory of diffusion in an isotropic system is bnsed'on the 
hypotlicsis that tlic rxtc of ir;msfcr of il diffusing subscmce through unit area 
of i i  section is prt,portion:il t o  the concentration gradient measured normal 
t o  tliiit  scctiun. 'i'hc coc[licicnl of proportionality is commonly referred to 
as thc difl'usioii cocffiriciri. 'rile equiition of steldy-state linear diffusion 

.. . 
= - i m / a s  111 
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where q is the quantity of tr;msSer per i n i t  cross sectional area per unit time, 
L) is the diffusion coefficient, Cis concentration, and x the space coordinate 
niea,surcd normal to the section. The grncral equation describing nonsteady- 
state diffusion i s  obtained by combining Fick’s first law with the continuity 
equation. For a”simple”system such as diffusion through water, the result is 

which is commonly referred to as Fick‘ssecond law of  diffusion. 
In principle, diffusion is analyLed by solving Eq.. [2] for the.appropriate 

Iiounrhry conditions of tlic system in question. Several books (Carslaw & 
Jxgcr,  1947; Crenk, 1956; J o s ~ ,  1965) truat themathemirtics of diffusion for 
a number of coordinate and boundary wnditionn. hlost of the solutions pre- 
sented are based on the independence of the diffusion coefficient re1 a t’ we to 
concentration-a factor which must be experimentally established before 
their equations cim be uscd with confidence. 

The soil sys tern provides several complexities to diffusion analysis.’ 
Some of these, are:,! (i) tlie.diEfiision coefficient cannot be assumed to be in-j 
depcndent of concentration, (ii) diffusion is confined to ckrtain segmcnts of 
the.systern, i.e. a molecule willnot diffuse through a solid soil particle, (iii) 
sorption of the diffusing substance by soil particles often occurs, and (iv) the 
rliffnsion cocrficient is dependent upon a nynber of sui1 properties stich, a s  . 
mineral composition, organic matter content, bulk dcnsity, water coiltent, ~ 

and temperature.. Diffusion of organic pesticides through asoil systemmay 
have an additional i-omplexity of being partially volatile so that diffusion can 
occur both in the vJpor and the “nonvapor” phases, 

Two gencritl appro;thes to diffusfon analysis through.soiI systems h ~ v e  
been followed hy soil scientists. One approach. is. merely to measure a dif- 
fusion coefficient for a variety of soil-water pammeters. Diffusion coeff,ici- 
ciils’ mc;isured i n  this miinner .are usually referred to as “appwent diffusion 
coelficicnts.” This approach is re;tsonable and quite useful but has the limita- 
tion that the measured diffusion coefficient is only applicable to systems 
identical to tlie one measured. The second approach to diffusion anaIysis in 
tlic soil systcin hiis been to incorporate soil variables such as bulk density and 
water content in to the equations so that the. diffusion coefficient measured 
cim I I C  estrapoldcd to other soil conditions. 

. Shcarer et A. (1973) Sol1o;verl the second apprwach and presented a de- 
t;tiletl mathem;itic:il development for pesticicle diffusion through soils. They 
assumed that the pesticide WJS volatile,so tliat diffusion occurs both in the 
v ; q m  ;uid “non\~qiur”  p11:wcs. Diffusion in tlie “nonvapor” phase was furth- 
er assumed to occur in sulution and at the solutionsolid and solution-air 
intcrl‘;lces. Their resultant gerrerd diffusion equation is 

. 

~ 

~ 

~ 
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Dus = [DyP'"/Pf(R + I)] 
[41 

+ [!</(I i i ~ ) l [ ( D s + D , , ! ~ ' ~ - t O D , / ~ ' ) / ( O k " + S  COX')] .  

In  thcsc cqu. .I t' ions 
c = total concentration of  pesticide in soil (g 9-1 of soil); 

1 ) p  pesticide vapor diffusion coefficient in air (cm'scc-I); 
I' imd P r  = air-filled ;md total porosity of the soil (cm3cm*), respectively; 

K = equilibrium coefficient of proportionality between vapor 
density and c ;  

0 . y  = apprcnt  solu.tion phase diffusion coefficient (cm2sec-'): 
D,.1 = apparcnt diffusion coefficicnt of molecules adsorbed at  the 

solution-solid interface (cm2sec-'); 
h" = coefficient of proportionality between solution concentration 

and coiiccntration adsorbed at the solution-solid interface 
(cm3 witcr g-) soil); 

0 = soil bulk density (g cm-7; 
DI = app;ircnt diffusion coefficient of molecules adsorbed at  the 

ri' = coefficient of pruportionaIity bctween sotution concentration 
solution-air interface (cm2sec-'); 

at the n i r d u t i o n  interf;\ce (cm' water g-' soil); and 

As shown by Shenrcr e t  al. (1973). the relationship between DS and the 
0 = \~olumctric wiiterwmtcnt (crn'ciw-'). 

free solution diffusion coefficient Do can be approsiniatcd by 

D,.= (O/P~)*O'~D,.  [51 

'Itius f;lrllo ~lic~irctic.il ;tn;dysis has liccn inadc to further describe D,t and D,. 
.Xotc that c h a  units of  g g-' of soil as used in this treatment. The mag: 

nitudc of diffusion is influenced by a number of soil and pesticide character. 
istics. Some of these properties can be measured whereas others cannot. Al- 
though qiiantitativc predictions on diffusion of a given pesticide through a 
given sr)il systcni m:iy not always be possililc from thc theory presently avail- 
able, thc rclatinnships dcvelopcd do help in ninkiag qiialitative assessments- 
of  diffusion. 

Equatinns [3] ;iiid [1] wcrc developed in terms.of "nonvapor" concen- 
tT:dons.. These cqwitions would he uscful for pesticides with moderatc to 
I(I\P v:ipnr prcssurc whirli :irc not applied as fuoiigaants. Diffusion of fumi- 
p n k s  is bcttcr dcscrilwl in terms of v:ipor dcnsity, p. bccause i t  is thc m a u -  
urcd vaviiblc. In Slic&cr e t  d. (1973) development of equations, p \vas 
climinntcd. Followiny idcntic;il ~roccdrircs, c could be eliminated and p re- 
taincd in t h c  equatinns. \Yhcn this is rlonc, identioil equntions are achieved 
pxccpl wlicre c now ;ippeors i n  the equation. p ~vould :ippcar. For eramplc 
Eq. 131 woiilcl b e  wri1tt.n 

apist  = DUSa2pjax2. , 161 
. .  
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'rhuse gencral difhision equations must then be solved for specific boundary 
and initial conditions of n giwn problem. 

8. Published Results 

As noted in Eq. [3] and 141, the factors influencing diffusion in soils. ate 
diffusion coefficient, adsorptjon, bulk density, porosity, and soil water con- ,.?&-=== 
tent. soil water content can in certain situations serve as a factor controlling ~x 
adsorption. The diffusion of inorganic ions and mblecules has been ex- 
tcnsively. studied and there are reviews avail.rble on the subject (Olsen & 
ICemper. 19GS: Cardncr. 19'65). However, information reprding the influ- 
ence of soil properties on the diffusion of organic pesticides in soils is still? 
sparse. Goring (l9ti2) presented a ilcvclopmcnt on.ihe theory of fumigation 
prcicC:sses in soils. H;irtlcy (19G0, 19G4) discussed the diffusion of herbicides 
in soils. l'his rcview will consid& the influence of various soil and environ- 
mental F ~ t o r s  on tlic ilifTusion of pesticides in soils. 

I .  SOIL ~V,\'IF.lC COXI'EN+ 

4%- 

Sevcr;rl researchers have measured diffusion of pesticides through soil at vari- 
ous soil Water contciit.s (pwicides applie? primarily as.soil fumigmts will 
not be.considcred i i i  this scctiun of the chnpter, but will be discussed lii!er). 

Shearer et al. (1973) made a dctailed investigation of the diffusion of 
lindane through Gilasilt loam soil. Thcymcasured tl!e vapor and 'honvapor" 
diffusion components as a Function of soil water'content. Furthermore, they 
estimated thc aniount of diffusion occurring a t  the water-solid interface, 
witer-air intcrfiice :ind through solution. The results of their sttidy are pre- 
sented in Figure 1. Essentially'no diffusion occurred ill dry soil but in- 
crc:lscd rapidly with increasing witcr contcnt reaching a maximum a t  ap- 
prusiinately.4% wiiter content. Increasing soil water contcnt above 4% 
cnuscd a dcclinc i n  total dilfusion until 30% water content when an increase 
i n  di I'fusion ocrurrcil with increasing watcr. Vapor diffusion decreased.slisht- 
ly as wxter content increased from 4 t o  207q and then decreased rapidly at 
water cotitcnts iibove 20%. 

The "noiivdpor" diflusion \vas maxinium at .about 4% water and de- 
crqisccl will1 incrc;ising water content to about IG% water after.which the 
difl'iision incrc;isctl iigaiii with increasing water content. It was estimated 
that diffusion a t  the air-water interface \vas hig'hest under theilower water 
cimtcnts ;ind tlic~i dccliiicd with increasing waler because of decreased water- 
iiir surhrc  iircii. On  he other Ii:ind, dilfusion in iolotion wsvcry .  low itt tlic 
low w;i!cr cunknts :md increitscd ns water contciit increased. Difliision a t  
the water-solid intcrfiice was relntively constant over the whole water content 
range. A s  pointed o L ; t  by Shearer et al. (1973) quantitative relationships be- 
tween conrentr;ition i n  solution and concentration at the air-water intereace 
arc needed to proprrly ev;ilii;ite the diffusion components at  the two intcr- 

' 
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Vigurc 1. Conlrilmtions of various transfer pzths for lindane diffusion in 
Gil:) silt Io;in, (I:cprintud from Shcarur et  nl., 1975). 

faces at  the lower \s;tter conte'nts. Since these data are not available, the 
mlculations presented tend to overestininte thawater-solid contribntion.to 
dillusion at  the l o w r  water contents. 

Ehlcrs et  al. (1969b) also niezsured lindane diffusion through Gila silt 
1o:un :it different water contcnts. They iilso measured the highest diffusion.. , 

coefficient iit approriinately 4% water content. T h c  shape of their curve 
diffcrs some\v.Int from thxt Shearer ecal: (1973), possibly because dif- 
fusion at conccntrativtis o f  100 ppm (Elders et al., 1969b) would be concen- 
triition dcpettdent. 'Ehlers and his coworkers determined the ratio of dif- 
.fusion nccurring in the vapor iind "nonv:ipor" phuses at two water contents. 
Ihcy lriund that iipproximately half of the lindane diffused in the vapor 
ph;ise at 10% soil milter content, turill dift'iision was in the "nonvapor" phase 
at w:ir saturation. These findings itre in reasonable agreement with the fiid- 
ings ol Shearer ct al. (1973) who conducted a mdre detailed study on this 
aspect. 

Graham-Bryce (1963) mc:isurcd the diffusion of disulfoton and di- 
inctlioxtc i n  ii  I ~ r o , ~ l l ~ ~ ~ l k  silt Ioani soil a s  il function o f  soil-wtter content. 
1-11: found ii r:rthcr r.ipicl incrcnse in the diffusion coefficient of dimethoate as 
tlte soil w:itcr c ~ n t c n t  increascd. 
cm2scc-,I i i t  IO"/. vo~umctric water content to 1.41 X Id-6 crn'sec-' at  43% 
water content. On the othcr hand, the disulfoton diffusion coefficient re- 
ni:iincil rcl;itively cunstant over the entire soil water content range used. 

'I'he results wcre crpl;~nccl on i h e  basis that disulfoton diffused both in 
the Kipor and nonv;ipor ph;~scs and that the dcaease in vapor p h s e  diffusion, 
would Iw balanced by ail incrcnse in solution phase diffusion 3s soil water 

0 1 1  the other hand. essentially no dimethoate vapor 
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The range of values was 3.31 X 

. conlcnt incrciscd. 



0.34 0.101 0.00196 68. 9 
1. 16 0. l i d  0.0109 49.4 
2. 18 0.23+ 0.0290 39.4 
4.69 0.316 0.0793 35. 8 
5. 64 0.328 O.OS99 38. 8 
9 23 0 3% 0.115 51. 8 

14. 1 0.429 0.220 46. 1 

usiun vccurrcd. Furtlicrrnorc, i t  :ippc:rrs that dimcthoatc diffuses pri- 
iii:irily ill, solution with very little occurring at the interfaces (at least at the 
wa tc r4 r  interface). 

'i'able I presents the results of calculations for the  free solution dif- 
fusion coefficient D, using meuurcd diffusion cdefficients of Graham-Bryce 
inid Eq. ['I-], assumin: th:rt &,, D..,, and D, equal zero. It \viis further as- 
sumed that iitiy rh:itigc i n  the a p p ' e n t  diffusion coefficient with water con- 
tent ciui be dcscrihed.by Eq. 151. Based on calculations reported b y  Graham- 
llryce (L9G9), K' iyiis assumed to equal 0.29. 

'I'he calculated values ,of Do are reas2nably constant indicLting that 
chaiigo: in diffusion with changes i n  soil water content could largely be ac- 
counted for by changes in geometry of tlie system. The highest calculated 
vnluc of Do occurrtd i it  thc lowest soil'watcr content. This may suggest that 
anothcr component ofdifiusion was becoming effective at the lo'w wilter.con- 
tcnl. Shearer e t  al. (1973)' found signific;iiit air-water interface diffusion oc- 
curring at water contents below approximately 10% (Fig. 1). Thus the pos- 

. sibility of this diffusion component for dimethoate at the low soil water con- 
tents cmnot bc completely ruled out. Nevertheless over most of the soil 
wa1er cotiteiit rmgc, i t  appears that dimetho;itc can be well described by 
solitiion diffusion. 

For comp;irison, the molecular weight of dimethoate is 229 whereas the 
inolcruliir weights of glucose ;mil sucrose arc 180 =id 342, respcctively, The 
iliffu&m coefficierlt of dimethoate is expected to be intermrdiate between 
tlic diffusion .coefficients of glucose and sucrose. Solution diffusion coef- 
ficicnr5 for glucose ;ind sucrose rcported in theHalandbook of Clicnistry drtd 
P/iy.sic.s (1973) are 67.3 and 52.1 X IO-' cm2sCc-', respectively. Thus, the. 
c:ilcul.itcd diffusion cocffiriciits of dimetho:ite are in reasonable agreement. 
'\sill1 thrse compounds, being only slightly lower on tlie average. 

Quite obvinusly, disiilfoton diffusion was occurring in the vapor phase 
;mil possilily n t  the various iuterf;ices. ' Graham-Bryce .(1969) did niake an 
cvaluatinn of the sohitipn diffu'sion coefficient for disulfoton at  various soil 
wi tc r  contc~its :lnd pr~scntcd these ;tnalyscs in his Fig. 7. Further fractiona- 
tion 0 1  the diffusion coefficient intu the various components is not possible. 

l.;ivy~(1!)70) inciisured the diffusion coefficient of three s-triazines in 
six si)ils zit two soil walcr  contents. The two soil wiiter contents were listed. 



' I  

rlloveincnt ofpesticides iir Soil 73 

:IS f i e l d  capacity and one-lialf ficld capacity. The pooled average diffusion co- 
efficients \yere reported its 0.26 and 1.83 X I O m 8  cni2sec-' a t  one-half field 
cap:tcityand ficld capacity, respectively. Detailed results For individual pesti- 
cidcs and soils were not  reported. Furthermore, the volumetric water con- 
tents were n o t  reported. Thus, it can onlybe concluded that on the avcr:ige, 
tlie diffusion coefficients for atrazine, propazinc, and simazine tend to,in- 
crcilse with increaed soil waLer content. 

Diffusion of several herbicides through Lanton silty clay loam at differ- 
ent soil water contents was measurcd by Scott and Phillips (1972). Xleasure- 
menis were m i l e  at three (sometimes two) water contents. The diffusion 
coefficient for prometonu,atrazine, simazine; prometryne, diphenamid, and 
chloropropham :ill increnscd as the soil water increased. On the other hand 
the ~nc;tsured rlilfusion ctdficicnt for tiiflu;alin was not greatly affected by 
soil wittcr content. 'l'rilluralin is considered to be the most volatile of the 
hcrlricidcs tested and tlie diffusion results :ire explained o n  the basirpf vapor 
phase dilfusion. 

Free solntiori iliflusion coefficients Do were calculated from the data of 
Scott i i t i i l  Phillips ;tssuming'that diffnsion was entirely in the. solution phase: 
Results of thesc calculations are tabulxted in Table 2. h'ote that the cal- 
culatcd value of Do for promctone, sinxizinc, and diphenamid all tend to in- 
cre:w :LS the soil wiiter content decreases. Diffusion either a t  the interfaces 
and/or i n  vapor could account for the increased-calculated Do with decrens- 
ing water content. There is evidence therefore that diffusion of these three 
herhicitlcs occurs in other phases in addition to the solution phxse. 

,011 t h e  other tlallci, the calcihted v;due of Do for atrazine was the same 
at the two water coittcnts. These limited.data suggest that atrazine is diffus- 
ing strictly in solution. Furth&niore, the &lculated diffusion coefficient.is 
ci~inp~ir:~blc to those reported For similar size organic molecules. 

'IBlde 2. C:rlcul;&n of Do for several hcrbicidcs from d:ita ofScott and 
Phillips (1972) 

hleasurcd Calculated 
D x 10' em' aec-' 9 K'ptS D x lo'cm'sec-' 

Atrnrine 

Simazine 

1. 2 0.221 3. 107 
3. 65 0.325 a. 211 
8.9 0.494 3.267 
1. I 0.325 3.640 
4. 25 0.494 3.809 

143 
125 
76 
42.6 
42.5 

a. 5 0.221 3.510 67.5 
1. 25 0.325 3.614 48.0 
3. 8 0.494 3.783 3r. 7 

0. 55 0.325 4.030 
4. 15 0.404 4.199 

23.6 
45.7 

Chlocopioplum 0.8. 0.221 17.550 S O  
1.0 0,325 17.654 188 
7. 15 0.494 17.833 334 

Diphemmld 2. 1 0.325 3.692 82. 5 
, 2.55 0.390 3.757 ' 55.4 
3. I 0.494 3. 861 31.4 
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The calculated values for promctryne c:innot logically be explained. In 
this case a higher Do is calculated at thc higher soil water content thah at  the 
lower. I\Icnsurcmcnts were made onlyat two water contents so the  informa- 
tion is somewhat limited. 

Chloropropham exhibited a somewhat peculiar behavior. The highest 
vziluc of 11, wiis cdculatcd at the lowest \vat& contcnt but the trend \vas not 
consistent. All of the diffusion coefficients calcnlatcd are well above re- 
ported dillusion coefficicnts for comparable molecules suggesting that dif- 
fusiim of chluropropham through the soil occurrcd by a mechanism other 
than simple solution diffusion. This herbicide also has a relatively high vapor 
prcssurc so vapor phase difl'kion could be expected. 

In general the results of Scott and Phillips (1972) agree with those of 
Lavy (1970) iii that tlic apparent diffusion coefficient of most herbicides 
tends to  incrC;isc with iiicrcascd soil water content. 

The effect of w t c r  content on diffusion of pesticides under very dry 
conditions h i s  bcen investigated. The strong adsorption of pesticides in rela- 

' tively dry soils and its influence on diffusion has heen.shown for anumber 
of organochlorine inscctickles (Farmer & Jensen, 1970; Uarlorv Hadaway, 
1955, 1958). Farnier and Jcnscn (1970) showed an increase in dieldrin dif- 
fusion in three soils.& !he equilibrium relative humidity increased from 53 to 
94%. 'The apparent diffusion coefficients ranged from 0.30 to 0.36 mm'/ 
wcekat 53% reliitive humidity and from 3.8 LO 9.7 nim2/rveek at 94% relative 
humidity. These studies were conducted at  20aC. 

Uarloiv and Hadaway (1955, 195Sa, 19581)) reported on the influence 
of relati\~ehumidity on the diffusion of three organochlorine insecticides into 
dry mud blocksol'a Ug;tni!+ "red" soil. *Barlow and*Hadaway did not  present 
their results as diffusion coefficients. However, their results have b e e n  

. analyzed (C. R. Jensen, W.'J. Farmer,and J. Letey. University o f  California, 
Riverside. Unpublished results.) and values were obtained for the apparent 
diffusion coefficient. At 25OC and as the air relative humidity increased from 
I 0  to 9On/u, the a p p w n t  diffusion coefficient increased from 0.05 k 0.06 to 
13.9 rt 1.7 mm2weck-' for lindane, from 0.07 % 0.06 to 7.9 rt 0.7 nim'week-' 
fur dieldrin, and from 0.041 0.03 to 5.5 2 0.7 mm'week-' forDDT. 

2. Al~soRL''rIox + .  

A nuinbcr of rcscarchers have evaluated the ellect uf adsorption on  diffusidn. 
Lindstrom, Boersm;~, and Garrlincr (1  9GS) mcastked the diffusion of 2.4-D in 
a nuinl)er of soils. They conducted their experiments under water-saturated 
conditiolis s o  th;it vxpor. phase and water-air interface movement, were 
eliminated. 'l'he adsorption cocfcicient for the  nine soil materials. they 
studicd ranged from 0.4 to 25.0. 'I'hc !ne:isured apparent diffusion cocffi- 
cicnt r:niged from 0.06 l o  4.3 X cni2sec-' (approximately 70-fold differ- 
ence). 'l'he range.in diflusion coelticients for the nine soils after correction 
for :ilfsorptk,n w:is from 1.2.L to 7.05 x cn12sec-' (less than a six-ford. 
dil'fercnce):' 'rhus the results of Lindstrom et al. (1968) provide evidence 

' 

. 

. 

. 



, -.! . 
I .  

e 

- 
j \ l o i . o i ioc t  of I"*sticiclc.s iir Soil 75 

tliiit t he  cfleclivc dilfusion cocfficient is reduced by adsorption of the chemi- 
cnl by soil. Furthcrmore, the iffect of adsorption can be reasonably well 

\\';iIkcr and Crawford (1970) measured the diffusion coefficients for 
two triazine herb/cides (propazine and prometryne) in six soils having a wide 
r:inge of properties. Spccilicnlly there w s  an approximate 20-fold difference 
in the :rdsnrption coefficients between the soil and herbicide. Measurements 
were m:dc  to dctcrminc the effect of  adsorption on the measured diffusion 
coelficicnt. Unfortunately. bulk density and water content for the different 
soils were not held constant. Thus, vxinbles other than adsorption were in- 
troduced into the rcsitlts. Severtheless, there was an obvious inverse relation- 

- ship betwecn the mciisure;l ilifftision coefficient and adsorption. The diEfu- 
sioii cdTicicnt for prometryne w a s  lower tha i  for propazine in each soil. 
'l'hc ~nc;!sured ;idsorption cucflicicnt on the other hind \vas alw:iys higher for 
prurnc t ryne :~~ comp.ircd t o  propizinc. Thus, the results of \\Wker and Craw- 
ford provide further evidence for the inverse relationship between diffusion 
and adsorption. 

The dxta of Scott and Phillips (1972) h;we been discussed previously 
rclativc to tlic effect VI' wiitcr conteiit on diffusion. Ilorvever, the chemicals 
tliey stttdicd did not  all havc the siunc adsorption coefficient with the soil 
used in the study. \\.'hen trifluralin, benefin, and chloropropham (herbicides 
which arc somewhat volatile and could move in tho vapor phase) were 
eliminxtcd lrom consider:itiori. a correlation coefficient of r = 0.85*" was 
f ~ i u n d  bclwcen iliffusiirn coefficients wid adsorption. 

Diffusion of atrAizii<e, propazinc, :md simazine i n  eight different soils a5 

nic;isurcd by Lnvy ( 1 9 7 0 )  prorided the general result thatan increase in total 
surface iirca and org;iiiic:mntter;ontcnt tenifid to increase the measured dif- 
fusion r:ite. These results appear to be in conflict with other reports because 
an .ini:rc;tse in total s t l r k e  area and organic maiter usually canses an in- 
crc:ised :idsorption coefficient. Thus, on the Insis of adsorption, one would 
expect t h e  diffusion cocfficicnt to decreasc as surface area and organic matter 
content increase. This conclusion \vould apply .under conditions of no dif- 
Fusion at the interfaces. Lavy did not measure adsorption coefficients many 
conclusions on  the effcct of adsorption on hismeasued diffusion coefficients 
are based on indirect nrirl incomplete information, Furthermore, mcasure- 
rncnts wcrc ride in the presence of a number of soil variables which could 
have uvcrriding cffccts. Fur example, tlrc highest average diffusion coefEi- 
cients were obtained for a.muck. 'l'hc water content in tlic muck was proba- 
bly niiicll higher thin i n  the o t h v  soil samples since all soils were wetted to 
XI% nf f i d d  moisture capacity. Since muck would be expected to revain 
larger qii;iiitities of wiitcr, it probably had a higher water contcnt during the 
coursc of ~ i i c i ~ ~ i ~ r c n i c n t ~ .  Increase i i i  water  onr rent could also cause increase 
in 11 iffusioi~ c:ocfficien t ._ 

kiriner ; t nd  Jciiscn (1970) found the dilfusion of dicldrin in relatively 
dIy svils (:tpprosini:itcly I monril.iycr of water) to increase from 3.8 mmZ 
wcck-l in ii very Cine s ; indy  liwn t,, 9.27 nim'weck-l in a clay soil;. At low 

* 

c:llculatcd by Eq. 1-11. 
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wafrr contents most of the dilfurion would be occurring on the surface. In- 
4 crcasing surface area might be expected to cause an increase in effective dif- 

fusion coefficient when diffusion is at  the interface. 
I m y  (1970) did find a decrease in diffusion coefficient with deqeased 

soil ptl which could IIC associated with adsorption since lowedng pH increases 
adsorption of the pesticides he was studying (Bailey 8: White, 1970). 

3. llULlC llENS1 

X ~ t e  in Lq. [;&I th:it I)ulk dcnsity either directly or indirectly influences the 
di f l is ion of  ii pcsticidc through 5oil. The indirect effect of'bulk density 
would lie to alter the porosity and interfacc'properties. Thc general overall 
effect o f  incrcasing soil bulk density is to decre;ise.the diffusion coefficient. 
This would be p:rticularly true for compounds which hwe  a significmt 
aniount of (IiCfusiun in the yapor phase as increasing bulk density would de- 
ci-c:ise the ;tir-fillcd porosity of the soil. 

Ehlcrs et nl. (1969:i) reported decrease in th i  apparcnt diflusion coef- 
ficient of linihnc from 16.5 to 7.5 mmiveek-' as the bulk density. of the 
Gila silt loam studiFd was increased from 1.00 to 1.55 g an-'. The water 
cuntent (weight basis) was nraintnincd at 10% so that .the air-filled porosity 
dccrcascd froin 51.5 to 26.3% as the bulk density increased. 

Farmer, Igue, and Spencer (1973) dEtermined the influence of. bulk 
density on dillusinil and volatilization of dieldrin -from soil. They found 
vo1:itilization of dieldrin tended to decrease as bulk density increased. The 
principal efrect of \,ulk density was that of limiting the vapor phase move- 
nicnt of dieldrin to the soil surface, a qccessary pr&equisite to volatilization. 

Call ( 1 9 5 7 ~ )  varied the bulk density of a loamy sand soil from 1.39 to 
1.62 g cm-' xvhiic maintaining thc weight percent water content constant. 
?'he air-filled porosity decreased from 030-0 to 0.159 as the bulk density was 
incrc:lsc& An increase in the bulk density resulted in a decrease from 4.49 
X l o4  to 2.67 X 10- cm'sec-l Tor the measured apparent diffusion cocffi- 
cicnt of EDB. 

4. 'II~~II~EILVI'URE 

f cniper:iturc docs not appc:ir directly i n  any of the diffusion equations pre- 
scnieci. Nevcrthcless, tempcrature lins a very signilicant efCect on the rate of 

vcl-;il of the eqiution variables :ire temperature dependent. For 
usion cucfCicicnrs tend to increase with increased tumperatiire. 

Vxpor density incruses  significantly as temperature .incre;tses. The general'. 
ovcrnll cl'lect oT increasing tenipcraturc is an increase in difCusion. 

'I'hc influence of temperature on lindane diffusion in soil was illustrnted 
by  Elilcrs et al. (196%) who reported an esponential increase in the apparent 
dirfusion coefficient f o r  Ihd:me with increasing temperature, The overall 
ilifl'usion:cnefficicnt . .  incrcnsed IO-fold as the temperature increascd from 20 
to -4OOC. Tlic incrasc in the diffusion cocflicient WLS. predictcd from 

I ,  
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Chemicals applied as soil fumigants have relatively high vapor pressures and 
one is usually concerned with the distribution of pesticide in the vipor phase. 
Analysis of vapor pllase concentration as a function o f  position and time can 
be cxlculated by the same equations presented in the theory section by sub- 
slituting the vapor density p for the nonvapor concentration c.. Compared 
with other pesticides, fumigants are chamcterized by their relatively higher 
vapor phase concentrations. h f~ilriigant would have a much loivcr adsorp- 
tion coefficient K, ‘Note from our definition of the total apparent diffusion 
coeflicient Dvs that decrease o f R  causes the total diffusion coefficient to be 
shifted toward vapor phxe  diffusion as compared to the “nonvapor” diffu- 
sion. , , 

Theoretically, one would expect the distribution of a fumigant to be 
more rapid at lower soil water contents. Under these conditionsthe apparent 
vapor phase diffusion Coefficient would increase for two reasons. First, the 
air-filled porosity is higher and secondly, R would be lower. The latter con- 
siderxtion is confirmed by thi’data of Call’(1957c) wh.0 determined thxt the 
arpount of EDI) in the “nonvapor” phase at equilibrium with a givin vapor 
concentration was higher at higher water contents. 

Diffusion in the “nonvapor” phase may also b e  dependent upon water 
content. However, the &ita of Shearer et 31. (1973) indicate that the “non- 
vapor” phJse diffusion coefficient for lindane wzs not greatly influenced by 
water content. Thus, one would expect the distribution of a fumigant to be 
greatly reduced at higher soil water contents. 

Lcistra (1972) presented a comprehensive discussion of  fumigation in- 
cluding such factors as diffusion, decomposition, temperature , eifects; 
morlality, and practical fumigation practices. He concluded that soil water 
content is one Of  thc most iniporiant factors in soil fumigation Diffusion 
rate is i~si~ally high in dry soils so that low values of the concentration-time 
integral iire obtained. ln y t  soils the movement is so slow that the concen- 
tration in most of the soil is continuously low. Soil temperaturealso affects 
diffusion of a fumigant by modifying the diffusion coefficients and the ad- 
sorption char;ictcristics. Ilowcver, Leistra (1972) considered temperature to 
be lcss important than soil water content. In other words, the influence on 
diffusion by temperature-depcndent variables is not as great as changes due 

* 

. 

. to soil water &tent. 
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theosctical considerations utilizing either the temperature effects on com- 
ponents of the diffusion equation or  the activation energies of diffusion pro- 
cesses. 

1,:tvy (1970) reported a decrease in the diffusion coefficient for the s- 
triazinc herbicides (atrazine, propazine, and simazine) when the temperature- 
in several soils was lowered from 25 to 5°C. 

A decrease in the diffusion coefficient of EDB a5 temperature decreased 
w a s  measured by Call (1957b). 

5 .  FUAllC.iTION 
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. theoretical considerations utilizing either the’temperature effects on corn-. 
poncnts of  the diffusion equation or the activation energies of diffusion pro-. 

Lavy (1970) reported a decrease in the diffusion coefficient for’the s- 
triazine hcrbicides (atrazine, propazine, and simazine) when the temperature 
in scverd soils was Lowered from 25 to 5’C. 

A decre:ise in the diffusion coefficient of EDB as temperature decreased. 
$vas mcnsured by Call (1957b). 

cesses. I 

5 .  FU>IIGATION 
. .  

* I  
Chcinicals applied :is soil filmisants have relatively high vapor pressures and 
one  is usually concerned with thc distribution of pesticide.in the vapor phaze. 
i\n;tlysis of vapor plrase concentration as a function of positionand time can 
he c:ilcul:ited by the same equ:itions presented in the theory section by sub- 
stituting thc vapor density p for the nonvapor concentration c: Compared 
with otlicr pesticides, fumigants are characterized by their relatively higher 
v.ipor pli:ue concentrations. A fum‘igant woufd have a much lowrr adsorp- 
tion cocfticient K .  Note from our  definition of the total apparent diffusion 
coefficient DZ,.$ that decrease oflf  causes the total diffusion coefficient to be 
sliitted toward vapor phase diEfusion as compared to the “nonvapor” diffm 
sion. 

’l;hmretically, one would expect the distribution of a fumigant to be 
more rapid at lowcr soil water contents. Under these conditions the apparent 
vapor ph:ise diffusion &efficient would increase for two reasons. First, the 
air-filled porosity is higher and secondly, R would be lower. The latter con- 
sidcration is confimicd by tlie’ilala of Call 1 1 9 5 7 ~ )  wl1.o determined that the 
arnoiint of EDB in the “nonvapor” phase at  equilibrium with a givbn vapor 
concentration was higher a t  higher water contents. 

Diffusion in the “nonvapor” phase may also be dependent xpon water 
content. €lowever,.tlie data of Shearer et al. (1973) indicate that the “non- 
vapor” p h x e  diffusion coefficicnt for lindane was not greatly influenced by 
xvatcr cunlcnt. Thus, one would cxpcct the distribution of a fumigant to be 
p a t l y  rcduced at higher soil water contents. 

1,cistra (1972) presented a comprehensive ibscussion of fumigation in- 
cluding such factors as diffusion, decomposition, temperature effects, 
mortitlity, and practical fumigation practices. He concluded tlint soil water 
contcnt is oiic Of  thc most important factors in soil fumigation, Diffusion 
rate is usually high in ilry soils so that low values of the concentration-time 
integr;tl arc obtained. In !vet soils thc movement is so slow that the concen- 
traLiuii i l l  most of  the soil is continuously l w v .  Soil temperature also affects 
difl’ubioii of a funtig;int by modifying the diffusion coefficients and the ad- 
sorption characteristics. Ilowcvcr, Leistra (1372) considered temperature.to 
be lcss iniportairt than soil water content. In otherwords, the influence on 
diffwioti by tenil7cr“ture-dcperldeilt varkibles is not as great as changes due 
to so i l  water coiilent. 
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llernwall( 1959,19GO) developed an equation descriting vapor diffusion 
through soil. His development allowed for pesticide reaction with the soil, 
but ncglcctcd diffusion in the “nonvapor” phase. The equation was written 
in fitiitc differcnce form and solved with theaid of a.computer fora  number 
of soil conditions. 

,Call (1957b) nicasurcd transicnt-state diffusion cocfficirnts of EDB in a 
niuiiher of  soils. For one soil he varied.the bulk density and consequently 
the air-filled porosity. A s  expected, the measured diffusion coefficient in- 
crc;tscd its the air-filled porosity incrcased. His observed diffusion coeffi- 
cients wcrc quitc close to those calculated using a diffusion equation he pre- 

. scnted. Basically his diffusion equationassumed that the “nonvapor”diffu- 
sion was negligible. 

hIcKenrj’ examined the vapor phase movement of dichloropropeneand 
EDU in soils in both hboratory and field situations (hl. V.McKenry, 1972. 
Tlic behavior of pesticides containing 1,3dichloropropene and 1,2-dibromo- 
ethaiic in soils. P1i.D. Diss.. Univ. of California, Riverside.); He founda large 
dccrcase in movement of these peslicides with increasing soil water content 
which was attributed to a decrease in continuous air space and a decrease in 
vapor concentration due to iiicreased dissotution in the liquid phase. Qualita- 
tively these observations are consistent with predicted behavior based on dif- 
fusion analysis. McICenry made no calculations of diffusion coefficients for 
Lhc two fumigants. .L 

C. General Cpndusions * 

‘ UifSrisioii of pesticides through soils depends on a number ofsoil properties 
including water content, bulk density, air-filled porosity and temperature, 
and on cert:iin chcmical properties o f  the pesticjde such as sol‘ubility, vapor 
density, and the diffusion coefficient Adsorptive interactions between the 
chcinic;il and soil arc important and are dependent on both soil and chemical 
pi~operties. LXrfusion ca1.1 occur both in the vapor and in the “nonvapor” 
ph:ises. Furthcrmore, the “nonvapor” phau: diffusion can occur in solution 
or iit thc air-water or  air-solid interfaces. Dillusion, in each phase is quite de- 
poident upon soilwater content. : 

:I’hc iinporlili~ce of vapor diffusion as compared to “nonvapor” diffusion 
is ilcpcnilcnt largely on the mtio of the vapor density to thc “nonvapor” con- 
sciit~iition. .\ hrge v:iIue o r  R decreases the relative effect of vapor diffusion 
and increases tlic rclaiiw effcct o f  “nonvapor” diffusion. Uecausr thti vapor 
p h ; w  diffusion coefSicient is so much larger (approximately IO4) than the 
solution diffusion coefficient, vapor phase diffusion can be important even 
for pesticides. which hiwe relatively low vapor pressures. Goring (1962) sug- 
gested thai conipowds witli water-air ratios (weightlvolume basis) under lo4 
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will iliffusc primarily in air while those over 3 X lo4 will diffuse mainly in 
water. Ilclling, I<earney, and Alcx;inder (197 1) using Goring’s prerequisites 
suggested tliat chloroneb, DDT, EPTC, lindane, CDEC, trifluralin, and the 
common fumigants would diffuse mainly in soil air and the s-triazines, 
monuron, diuron, and I N A  would tend to diffuse in a’ “nonvapor”phase. 
This classification is considered approximate. The measured components of 
lindane diffusion in soil were dependent upon soil water content (Ehlers et 
al., l9G9b; Shearer et al., 1973). Diffusion of lindane in both thevaporand 

nonwpor” phases w s  approxirnately equal over a wide range of soil water 
C O l l t C l l t S .  

While few diffusion coefficients for pesticides have been measured in 
soils, they tend to agree with the theoretical dcvelopment presented. An ob- 
vious factor is the wide range of chemical prbperties in the pesticide field, 
suine which difflrse almost exclusively in the-vapor phase and others in  the ’ 
y‘nonvapor” phase. Each pesticide must be individually analyzed under each; 
soil condition? 

Diffiisiun processes are involyed either directly or indirectly in the fzte. 
and heIi:i\~ior of pesticides in soils. Dispersion of a treatment band is the in- 
tent of illany pesticide applications and will often occur through diffusion. 
Even when broadcast applications are made, diffusion becomes a mechanism. 
for niiirc complete distribution of the pesticide in soils. While water may 
SeNe as  a principal carrier for inriving some pesticides into the soil profile, 
d’. ibtril)utiiin ’ 

on difrusion. FumigaLion is a spccinl casc where volatile fumigants, because 
of theirrclalivcly high w i o r  pressure, diffuse rapidly through a porous media 
except at  high soil water contents. 

Recently, volatilization losses from soishave been found t o  be one of 
the.’ iniport;int pat1iw;iys for the disappearance : of pesticides (Cliath gL 
Spencer, 1971; Guenzi & Ilcard, 1970; Farmer et  al., 1972; WiIlis e t  ai., 
1972). IXFfusion is it primary process controlling volatilization of soil-in- 
corporated pesticides. As soon as loss occurs at the soil surface. a concentra- 
tion g rd icn t  is established causing pesticide diffusion to the surface.replac- 
ing- tl i; it  Ii,st by vaporization. 

Stiklcr, Knakc, :ind lliriesly (I9ti9) found’that heibicideeffecti~~nesss was 
dcpcndcnt upon soil water cuntcnt. Some herbicides became more effective 
as water content ihcreasccl, whereas others either were nut affected or de- 
creased in-effectiveness as iviiter content incrtmsyd. The authors attributed 
the resnits to the rclative effect of water content. on diffusion. In general, 
those clicmic:tls which were morc dfective at high water contents were those 
which dil‘fuse priin’xrily in thc solution phase and would 1iave.a higher diffu- 
sin11 cocfricicnt. On the other hand, those che!nicals which diffuseprimarily 
in the vapor phase wcrc either not affected by water content or decreased in. 
effectiveness at high water contcntS. An increasc’in soil water content would 
decrease their movement. 

1’ 

into smaller pores, aggregates, and blocked pores is. dependent 

- 

. .  . 
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111. MASS FLOW 

A. Theoretical Considerations 

As previooslystntctl, inass flow of pesticide will result from the flow of water 
and/or soil particles with which the pesticide molecules are associated. In- 
formation on the niovement of water and soil particles and the distribution 
of pesticide in the soil-watcr system is required tu  describe the mass transport 

Soil pxrticlc movement in the soil profile results from mechanical tillage 
of the soil or tr:unsport of fine pxticles by water. (Surface erosion resultinr 
from overland water flow will not he considered in this chapter.) Particle 
nirivement and deposition in the profile have been factors in profile develop- 
nicnt. in soils. fIow&er, this process occurred over long periods of time and 
is not considcrcd to be estreinely important over the relatively short time 
span we art: considering. ! , 

hlcchanical tillage is objiously an effective method of redistributing a 
pesticide i n  the soil. hlany pesticides are incorporated into the soil by disk- 
ing. Pesticide movement is strictly a function of soil movement by the tillage 
instrument and will not be considered further in this chapter. The rcadcr is 
referred to Gill and V;itdcnberg (19ti7),on the .relationship between soil 
muvcmcnt and various tillage instruments and practices. 

hlnss transpprt by water flowing through a soil profile is dependent 
upon the direction and rnte of  water flow and the sorption characteristics of 
the pesticide with soil. &nalytical description of wnter flow through soil can 
be quite cornples. hlodcls .which have been proposed to predict the mass 

. tmnsport of chemicals such as a pesticide have therefore dealt with rather 
simple water flow systems. 

The- general equation for chemical movement through porous media 
undcr steady statu soil-water now conclitions is 

of pesticide. 

. 

pasloat + ac'/at = D' a2c'/ax2 -uoac*~ax 171 

wlicrc n' is the disptision cocfficient (cm*/sec), uo is the average pore-water 
vulocity (cni/scc), and othcr terms are aspreviously defined. 

* Exact ;indytical solutions to Eq. [71 have been presented for cases 
u,Iicn assumptions arc niade concerning the' mechanisms of adsorption or 
diffusion and dispcrsion (1 laslliinoto, hshpande ,  & Thomas, 19W; Lapidus 
& r\muodson, 1!)52; Lindstrorn et al., 1367; Oddson et  2.. 1970). Each 
ciisc assiimecl a single-valued (no hysteresis) linear relationship between ad- 
sorhcd and solution concentration. Lapidus and Amundson (1952) presented 
sulutions of Eq. [71 .for eqnilibrium adsorption between solution and ad- 
sorl~cd phiises and also for n first-order rate equntion for adsorption. They 
assuineil diffusion and dispersion processes .were negligible. Oddson et  al. 
(1970) ik~urncd a first-order rate equation for adsorption and that diffusion 
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and dispersion processes were negligible. Hashimoto et .al. (1961) obtained 
a .solution Cor equilibrium adsorption but included the longitudinal mixing 
~J~occss.  'I'hc analysis of Lindstrom et al. (1967) included a diffusion term.' 
Ali models assunie constant water flow velocity. .This condition is achieved 
either by saturated water flow or by applying water at the soil surface a t  a 
constant rate lower than the saturated hydraulic conductivity of the soil. 
'l'lic latter condition can be achieved through sprinkler irrigation. 

The assurpplions irscd in solviiig Eq. (71 may not divays be applicable. 
I k y  and IUrick (1967) and Dhvidson and Chang (1972) showed deviation 
bet.\vecn the niathcmatical model requiring equilibrium adsorption  and^ ex- 
perimental data at high water flow velocities. On the other hand, Huggen- 
bergcr, Lctcy, and Farmer (1972) presented data which indicate that the rate 
of ;dsorption of lindane and three soils is not a. first-order reaction. Hornsby 
and 1)avidson (1974) reported that equilibrium adsorption exists at low 
water flow velocities, hut  tii:it the dispersion coefficient.is necessary under 
these conditions if tlie shape of tlic~pesticide.distribution is desired. Biggar 
(1970) discussed dispersion and its relationship to pesticide movement 
tlirouglr snil. 

hlost models assiinic that 1/11 of the Freundlich equation (S = R'c''~) 
eqwls I .  I3ased upon ii number of reports on adsorption of pesticides by 
soils, this ;issumption appcxrs rcason;ihle provided the range of concentrations 
of sigiiificmcc is not too great. .ll;irris (1966) Studied the adsorption of 
several herl)icides by three different soils. 
0.70 to 0.99 while Ccissbuhler, Maselbach, arid Aavi (1963) obtained values 
from 0.89 to 0.98. Ftuggenberger et al. (1972) found that P/n for lindane 
and three different soils was 0.88. Scott and Phillips (L972) measured the 
adsorption isotherm for ten hertiicides and o'ne soil. They did not calculate 
l ln ;  hmvcver,:a plot of adsorbed herbicide as a function of amount of herbi- 
cide'insolution phase rv+lincar for seven herbicides. Three of the herbicidcs 
h ~ l  a slightly curvilincar relationship between amount absorbed and.solution 
concentr;ition. I~;widson,hlansell,and Baker (1973) calculated that thepesti- 
cide would penetrate deeper for I/n equal 0.7 as compared to unity. 

One of the major shortcomings OF the analytical solution of Eq. [7] is 
its innl)ility to handle tlie nonsingilar adsorption-desorption process. Kay 
and Elrick (1967). van Genuchtcn, Davidson, an$ Wierenga (1974). and 
Hornsliy and Ihvidson (1973) presented data illustrating great hysteresis in 

Iiidstroin et al. (1971). van Gciiuchten et al. '(1974), Hornsby and 
l):ividsoii (1973), and D;tvidson et al. (1973) presented approaches to in- 
corporating nonsingular sorption relationships in the analysis of pesticide 
tr;msporl. They ~lc\dopcd numcrjcal solutions for Eq. [71 which allow 
grcatcr flcxil)ility tl::in the exact aii:ilytical solutions. 

I:i:ures 2 through 4 sholv calculnted results using the model of Oddson 
et :iI. ( I  970) Cor 4 v;iriety uf sui1 arid pesticide priiperties. The citlculations 
iissurne a lincar singlc-wluc :idsorption isotherm and dispersion and diffusion 
ncgliblc. Ihtc of. z~dsorption is assumed to.bc a first-order reaction and. is ' 

Me found that l/n vaned from' 

, 

thc ailsnrption-desorption hehi < vior, ' 
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matliematically stated as a.S/at = a(K'c'-S). The boundary conditions were 
zero initial pesticidu copcentr;ltion i n  the soil and pesticide solution with con- 
ccntration Co applii:d at the surliise for time T followed by water applicition. 

Figiirc 2 shows the distribution of soltition concentration (g cm-' eotu- 
tion), rclhiive to  the solution concentration entering the soil surface, for 
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t'igorc 3. The effect of applying dillcrent amounts of organic chemicals 
;mil their distribution iii  solution after different times of water application 
when a = 0.60 and K = 1.1. (Reprinted from Oddsan et =I., 1970). 

different times and soil arlsorptir~ ch:iracteristics. Thc ordinate can be.con- 
sidcrcrl 10 he a scaled depth factor which is dcpendent upon the water flow 
velocity :ind the volumctric wntcr content. The conditions illustrated arc fur 
;ipplication of a pesticide For 1 hour Colloived by leaching with water for the 
tinics indicated. 

The follrrwiiig arc notewortl~y olrscrvations. The depth of inovcment 
fur tllc pesticide is dcpcndcnt upon K ( K  = PK'/O). The higher K ,  the less the 
movcnicnt. After. thu surkicc is frcc of pesticidc, the chemical is carried 
through tlic profile :is :i synictrical wive.. The lower h' is, the broader the 
wave. T!ie position of masirniim conccntration is equal to  the depth of 
\vxtcr pcnet~irion (livirlcd hy h', For csample, after 12 hours the wetting 

j 
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front ivould hwe reachcd a value of 12 on the scale presented. For K = 6. 
niirsiinum concentr?tion is at about 2 which is 116 of 12. This behavior is 
consistent for all times and for all values of K evaluated. Therefore, if K for 
ii pnrticnlar pesticide and soil is known, the depth of.rvater penetration neces- 
sary to get maximum concentration of the pesticide to a certain depth can be 
cstimnted for linear adsorption isotherm cases .and when the .now velocity 
docsn't differ greatly between pores. 

As previously stated, this model assumed that diffusion and. hydro- 
dyri:iniic dispersion processes are negligible. Both of these processes would 
ciiuse the concentration profile to be "spread out" more than indicated. The 
depth of maximum concentration should not, however, be greatly affected 
by hydrodynamic dispersion or  diffusion. Lindstrom and Boersma (1971) 
cxlcutated that increasing pore size numbers causes a broader distribution of 
tlic chemical through the profile. 

The effect of applying different amounts of pesticide at the soil surface 
is illustrated in Figure 3. The time necessary t o  remove all of the pesticide 
frurI1 the soil surhce varies from 1 t.0 4 hours. The depth of movement ap- 
pears to be independent of the amount added to the soil surface (assuming 
that solubility of the pesticide is independent of the amount applied). Con- 
ccntration at a given.position in the soil profile is approximately proportional 
to the increase in amount of pesticide added. Therefore, the addition of dif- 
fcrcnt amounts of pesticide, does not appea; to influence the depth of move- 
ment but docs influence the concentration in solution. The higher the 
anioiint added, tlie grcater the concentration. 

The concentrations plotted in Figures 2 and 3 are relative to the initial 
concentration cb for pesticides applied to the sur[ace in a "dry" form. Re- 
sults presented in Figtirc.3 indicate that the solution Concentration in the 
profile may be independent o f  pesticide solubility as long as the samelunount 
is applied and there is sufficient water for dissolution and transport of the 
pesticide. For example, assume pesticide A is four times more soluble than 
.pesticide B, thus cb for A is four times larger than cb for B. However, the 
time required to dissolve and carry pesticide R into the soil is four times 
grcatcr than A. According to Figure 3, c'/cb for pesticide U is four times 
c'/& for A. Since cb for A is four times greater than cb for B, the result is 
t11:it c' is the same for both A and B. This analysis is valid for pesticides suf- 
ficicntly soluble for transport into the profil;. 

'f'he cffcct of a (thk factor which influences rate of equilibrium) is 
shown in IYgiirc 4. Ihiring the first hour (time'during which the pesticide is 
m;iintaiued iit the soil surface) tlic depth of  movement i5 greatly decreased 
by incrcasing a. Over this period the effect of increasing a is similar to the 
effect of increasing K. After the pesticide has becn removed from the soil 
surfxx, tlie pcsticiilc mows through the profile as a wave. The depth of 
misiiriiim coiiccntration is independent for a for a = 0.10 or greater. A 
sharpcr peak and higlicr concentration occurs for high a as compared to 
lowcr a. 

I.intla&oni. Docrsma, and Stockard (1971) analyzed the effect of three 

I 
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1:igure 4. ' l l w  ellecr of tlie rate or  cquilibriurn between adsorbed and solu- 
tion chemical on the distribution in solution after 1 and 12 hours of water 
;qiplic.itiun (I<cpriiircd from Oddson et al., 1970). 

sorption models on mass transport of chemicais through porous media. Model 
1 .  assumed .. 
with instantaneous cqiiililxium between the two phases. Model 2 assumed 
that eqoililrrium between the adsorbed and solution phases was not in- 
stiintaneous, and closely represents, the sorption characteristics used to cal- 
culate data for Figtire 4. BIodel3 took into account the quantum mechanical 
featoresof changing potcntinls or energies of activation with changingrurface 
coverage. In Model 3 the kinetic rate coefficient is dependent uponconcen- 
fratinn. 

Linilstrom et al. (1971) calculated distribution curves for the three 
modcls. Their injtial condition was pesticide uniformly distributed and at 
eqnilil>riiik'in the top centimeter ol' soil. Results c s h l a t c d  forBiodel 2 by 
1,inrlatroiii ct til. agree with those prcsented in Figure 4. Ikcreasing the value 
of  a (A in thcir manuscript) ciriised a spreading of thechemicaldistribution 
through the profilc. 

'Ylic calciilaterl rcsults of Model 3 produced a nonsymrnetric concentra- 
tratiori wiive in  lie soil. \Vhen the backward rate coefficient was less than the 
forward rate coefficicnt (rate of desorption lowcr than the rate of adsorp- 
tion) I ~ E  chemical WIJ retained towards the upper part o f  the soil column as 
compir-cd \vi l l i  cc1ii;il r:ites of :idsorption ind desorption. 

a linmr rclationsliip betweeit adsorbed and solution concentrations 
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Ihvidson et al. (1973) calculated the distribution Of pesticide for cases 
ol noiisingul~irity 6ctwecn adsorption and desorption. (Higher equilibrium 
~idsorlicd coiicentr:ition For a given solution concentration occurred during 
desorption as comp:ircd to that for the adsorption process.) The calculated 
distriliution citrvcs were not symetrical and resultctl in higher residual con- 
ccnlr~lions toward the surface. The calculated maximum concentration in 
die protile w i i s  Icss Tor a nunsingle-valued adsorption-desorption relationship 
21s compared to the single-valued relationship. Thus both masimum concen- 
trations and theshape of the concentration distribution in soil are significant- 
ly altered by the nonsingiilarity of the adsorption-and desorption relation- 
ships. 

'The roatler is refcrrcd to Leistra (1973) for agood review on computa 
lion models Cor the transport of pesticides in soil. (Leistra's review was pub- 
lishccl. alter this chapter had been written and could not be referred to in de- 
tail). 

. .  

U. Pt~bl;shrtl Results 

Ful~lishcd results \yhich can be used to check the usefulness of theory in pre- 
dicting distribution of pesticides through a soil profile will be reviewed first. 
Since sonic studies were not conducted syecificdly to test theory, one or 
more parameters requircd <or tlic proposed models were not measured. Thus, 
mcaningful comparisons between measured and theoretical results are not 
alwnys possililc. . 

Hornsby and navidson (1973) measured the distribution of fluometuron 
in a soil column in the-laboratory for three displacemenr periods and two 
wxter flow vclocities. Thc measured distrilistion was compared to distribu- .. 
tion cdcul;itcd by a numerical solution of Eq. [7]. Adsorption and dcsorp- 
tiori curves were previously measured and tliesc data were used in the numer- 
ic;il solution. Thus the nonsinglc-valued sorption case IMS trusted by these 
investigators. 

The qycemcnt, between eiperimental and calculated values was good 
fur h e  slower water flow velocity. The calcuiatcd and experirnenM distribu- 
Liim \VBVCS were not symctrical, indicating tlre importance of tlie desorption 
&la. Agreement Ixhvcen the calculated ahd measured values for the tailing 
crlgt: \ m s  good.indicating that tlie authors' approach to the problem was valid. 

Agrccmcnt bcrwccn experimental and calculnted values when the aver- 
age wiiter velocity \vas increased tenfold was not as good as for the slower 
water Tlow rate. Ncverthclcss. the agrccment was rcasonaLle and sufficiently 
.acciiriite for most prnctical purposes. Equilibrium adsorption did not exist 
i i t  nny location in tlrc soil columii a t  the higher water velocity. Kinetics of 
~ l i c  adsorption-desorption process must he known for accurate calculations. 
Iloth measured and cilculated maximum solution concentration was deeper 
in the column than the maximum ildsorbed concentration pcak. (A con- 
sequence pf nunequilibrium adsorption.) Also the relative solt11,ibn and ad- 

- 

. 

..- _ -  - . - .- I - . -. _._. _._I__ - .. .. - .. .-- .- _-_ __-. __- .. .. . .. . . 



. -  - I. 

0 

a 

t 

I 

" illovemcnt of Pmticidcs iit Soil . 87 
sorhcd conccntmtion ilistriliutions are flatter and more spread out for the 
hi:,.Ii I l inv  velocity iis c o ~ n ~ ~ : i r ~ c I  to thc lower Row velocity. 

'l'he meiwred distribution was slightly deeper in the column than the 
calculated' distribution for the higher water flow rates, O.ne explanation is 
thai thc surface arca conticted by the pesticide during fast displacement may 
he a function pf the :iverage porewater velocity and the pore-size distribu- 
tion. h1c;istired.adsorption characteristics are for the entire surface area being 
cimkictcil i m d  t h i s  overestimate adsorption if the total surface a r m i s  not 
contacted rluringthe flow process. van Genuchien et al. (1974) also observed 
this phcnomcnon and attempted a correction by determining the fraction of 
the pesticide near cquilibrinm. The calculated fraction near equilibrium dc- 
creased as the water velocity increased. The calculated pesticide effliient dis- 
trihution was close to measured distribution when the fraction near equilibri- 
u m  w i ~ s  used i n  the an:ilysis for the various flow velocities. 

van Gcnuchtcn et ;<I. (197-1) reported results of studies on piclonm 
niovcinent. through laboratory soil columns. They measured adsorption and 
desorption curves and found them to be nonsingle-valued. Good agreement 
was found between measurcd and calculated results for low water flow 
velocities. The measured and calcnlatcd agreement was not good ?t the high- 
er water flow vclocitics until adjustments were made to account for the  frac-. 
tion of thc pesticide near equilibrium as previously.stated. Calculations made 
assuming single-valued adsorption-desorption behavior did not agree with 
mciisurctl results, and illustrate the importance of the desorption data. Ignor- 
ing desorption behavior resulted in an overestimjte of the maximum concen-. 
tratiiin and did not predict the tailing effect. 

Iluggcnbcrgcr et al. (197Z) designed experiments fo check the.validity 
of thc thcory proposed hy Odtlson et ill. (P970). They ranexperiments on 
three soils having different adsorptive capacities for lindane and checked the 
effect of appkying Iinilane to the surface for diFferent amounts of time. 
Adsorption (hut ,no desorption) isothcrms were measured for lindane and 
eacli of the tlirce'soils. 

'fhe cspcrimcntd and calculated distributions of lindane for Pachappa 
s:mdy 1o;nn for different times of water application are illustrated in Figure 
5. \Vhile tlie depth of maximum concentration is reasonably well.predicted 
hy theory, the shapc of tlie concentration distribution is not. A higher con- 
cent ration peak and warrower spreading was predicted than was observed. 
The. pred+rl curves were synietriZal whereas the measured CUNCS had a tail-. 
iris tow;ird the soil surface. The difference between the observed.and cal- 
culated cuwcs ciln largely be csplnincd by the use of a single-valued adsorp- 
tion~dcsorption curve in tlie theory,. The results presented in Figure 5 agree 
with preclictfd curves presented by van Genuchten et al. (1974) for single- 
valucil and nonsingle-valued adsorption phenomena. 

Cumprison of experimentai and calculated distribution of lindane in 
Pac1ispp;i sandy 1o:m whcn tl;c pesticide solution was applied for two periods 
of time is illustrated in Figtrre 6. Thcbry predicted that the concentration 
increase at  a givcn depth would lie proportiond to the pesticide application 

'' 
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DEPTH (cm) 
Figurc 5 .  Experimentif and calculat~d distribution of lindane for Pachap- 
p:i ssndy loitin nnd dificrcnt tiincs of water application, pesticide solution 
appliud for I2 hours, v' = 0.2 cm/hour. K' = 5.514, and a = 0.542 (Re- 
printed from Iltiggcnbcrger et al.. 1972). 

time but the (listril,otion shape would be unaffected. The observed distribu- 
tion agrc.erl closely with this prcinise. The concentration of lindarwin the 
soil prorile at cacli depth w s  approximately twice as high when the applica- 
tion was for G hours compared tu 3 hours. 4gain, the shape of the predicted 
deviatc<l from the qbserved c~ime. 

. Tablc 3 summarizes the results of Huggenberger et al. (1972). The ob: 
served depth of masimtim concentration was always slightly greater than the 
cdciihted dcpih. Ilowevcr; esccpt for one case, the difference was less than 
I cm. Use of a simple relationship that thc depth of maximum concentration 
cilii he  estimated by dividing the depth of water penetration by the adsorp- 
tion coelficicnt indic;ited that the predicted depth was within O.G.cm or. less 
of  the measured clcptti. From a practical point of view, the theory would 
give a sulficiently accnrate pyediction for the depth,of m;idmum conccntra- 
tion. 

Using.  rnirciblc clisplaccmcnt techniques. Davidson and Chang (.1972) 
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Vigore 6 .  Erpcrimcnt:d and ~rlculnted d i r t r i h t i G n  of lindanr.ror Pachap- 
pa s ; d y  luim :d dirrmw :unounts or lindane added, I = 27 hours. and 
v' = (1.8 on/h (I:uprintcd from Iluggeobcrgcr et al., 1'372). 

studied the cElcct of water flow rate, soil bulk density.and aggregate size on 
transpvrt of picloram througli'soil columnS. Picloram mobility was reduced 
significmttly by dccrcasing thc average water vclocity from about 5.8 to about 
0.'59 cni hour-'. 'l'iclol.am concentrations in the cffloent were closer topre- 

' lnlk! 3. Olrrcrvcd and calculated depth of maximum concentration of 
liiid:uic for various appliciition conditions (Huggcnberger et  al., 1972). 

W~ 
of water 

E r n  

t - 3hh 1.7 1.0 21. 5 2.0 
t T 8 d h  1. 8 3. I 40. 2 4. 2 

1 = 6011 1.4 1. 2 41. 8 1.4 
t r 108h 2.7 2.4 72.7 2.6 
t i  84h 1. 3 0.9 55.5 1.0 
t =  13% 1. 9 1. 5 86.9 1.6 

T - 3 h  2. 6 2.4 66. 1 2.7 
I = 6h 2.7 2.2 66.7 2 7  

Kcntwood V1 - 2. I cnlf h 1.4 0.8 68. 8 1. 3 
Kcatwood VL'-O. 2 cm/h 1. 1 1. I .  5 2  8 1.3 
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diclcd values at  the lower water flow velocity as compared to the higher 
velocity. Appirrcnt picloram adsorption was greater for the soil sieved 
through a finer mesh screen as compared with a coarser one. 

l~esult$ of l h i d s o n  :uid Chang (1972) and Davidson, Rieck, and Santel- 
miinn (I9GS) :ire cqnsistent with the concept that the measured adsorption 
cocfficicnl oblained by 1froroughIy miring a pesticide solution with soil and 
allowing sufficient time for equilibrium may differ from the effective ad- 
sorption coefficient for solution flowing through a soil column. If asoil has 
1:irge ;iggrcgales. :dsorption m;iy occur oiily 'on the outer p t s  of the nggrc- 
gxtc its the solution flows by. 7'liis rvould cause the pesticide to be carried 
clccpcr thiiii ~il'cilicted. Likewise, the pesticide. would prvbably be carried 
deelicr when flow rate was rapid because of greater flow through the larger 
pores, with sm;illcr pores contributing little to adsorption. 

Several invcslipors liave ine:isur~d the mass transfer of pesticides 
tlirough laboriitory soil columns bnt did not  measure a11 of the parameters 
required to c;~lculate the distribution. Some of these reports will now be re- 
viewed and cstini:Itcs of the maximum. concentration position will be cal- 
cuhtcd by dividing dcpth of water penetration by A'. 

Geissbuliler et al. (1963) studied the distribution of products listed as 
C-1983 and a referehce compound in three soil materials after leachingwith 
water. Adsorption coefficients were reported, but bulk density, depth of 
water pcnctration, and volumetric water cdntent were not reported. For 
comp:~rison b e l r w e n  measured and predicted results, reasonable estimates of 
these paramcturs y i l l  he made. I t  is assumed that p = 1.2 g cmF3, 0 .= 0.33, 
; i d  therefore depth of water penitration = 60 cm. The  R' values reported 
:ire 14, 40, nnd 110 for C-.1983 and a gandy loam: clay soil, and humus, re- 
spectively, ;ind 6.3, 21, and 60 for thk reference compound. Dividing the 
depth ofwatrr  penetr;ition by K ,  both compounds were calculated to be con- 
ccntralcd at less than 1 cni for the clay soil and humus, and this was the ob- 
served result. 'The highest concentration of  C-1983 and the reference com- 
poirnd was calculnted at about 1 cm arid 3 cm, respectively, in sandy loam 
soil. Abont 80% of C-1983 was in tlic first centimeterand not quite as deep 
as prcdicted. l h c  rcfcrencc compound was concentrated in the 5- to 7-cm 

riccgswy to complete thc culcdatiuris. the. sgreement between me:uured 
:ind c ~ ~ l ~ u l ; ~ t c d  is rcitson:d,le. 

:rhc i l istr ihii t im of surfiice-applied diuron in a soil profile after leaching 
with 40 cin oTw:itcr was ine;aurcd :ind rcportcd by Ililton and Yuen (19GG). 
It i>  : ~ s s u ~ ~ ~ c d  t11:it p -- 1.2, 0 ='0.33, and dcpth of waterpenetration equals 
120 cm siiicc these YJIUCS wcre not reported by the authors. h~laximum con- 
ccntrxlion of diuron was predicted at about the 2.5-km depth, which agrees 
with tlwir nicasureinents. 

Althougli m:iiy factors contribute to mass transport of pesticidcs 
illrough sui1 by w3ter, lhe most important factor appears to be adsorption 
lie~wcen 111c 1ies~ii:iilc and soil. Scveral investigators have reported this 
gciier;il rcl:itionship. Xshton (19GI) measured the adsorption and relative 

1. .iyc.i . . which i s  ilcupcr tliiui predictctl I n a s i n i ~ h  as sonic ai;sumptions were 
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disl:~iicc 1iiovct1 oF several pesticides. 1.1~ found the  relative distance moved 
i n  the vrdcr I'cnuron > momiron > diuron > nebiiroii, imrl thc ;~dsorption co-. 
c l k i c n l  i n  (he ordcr iichclron > diuron > monuryii> fcnuron. The inverse 
ortlcr Iie1wcc11 movtincnt :ind :idsorption is expected. Hamaker, Goring, and 
YounpoII (I I)G(i) iilso reported :in inverse relationsliip benveen.adsorption 
m i d  Icaching. Harris (19GG, 13Gi) found Illat the adsorption coefficient and 
mobility ofatrazinc, siinazine;monuron, and propazine were similar in differ- 
ent soils. Prometryne had a much higher adsorption coefficient and lower 
nioliility compared to tlie otlier four pesticides. 

I Iicre is further iiidircct cvidence for the inverse relationship between 
;iclsurlitioti iind movement of  pesticides by water through soil. Increasing 
oi-gmic matter content or soils decreiiscs~dcptli of leaching (Upchurch &; 
Pierce, 195s; Ogle S- \Varren, 1954; Hill et 'd., 1955; Eshel k \Varren, 1967; 
Gray \Veicrich, I9GS; Lich tenstein, 195s; Rodgers, 19G2; Rauser & Switzer, 
19132; Ilowman, Schcclucr, k Carter, 19G5; Hernandez S- \\'amen, 1950). 
An iiicrc:isc in soil oigsnic rniittcr content causes an increase in adsorption 
cocfricicnt For pcsticidcs which accoimts for the decreased depth of leaching. 
Sinil;trly, ail increase in clay content of soil has been reported to both in- 
crease the adsorption coefficient arid decrcise mobility of pesticides. 

Gucrrzi and lleard (1967) mensurcd the movement of lindane and DDT 
in row diffcrcnt soils aCter applying two amounts of water. KO adsorption 
cocCficiciits bctrvecii tlie two insscticidcs and tlio soils were reported. They 
found 1ind:uic to be ciirried deeper t l ian DDT which was retained essentially 
in tlie trip 3 cni of the soil column wshich was attributed to the very low water- 
soluliility of DDT. Aloyt-inciit w;is found to lie greater in the soils higher in 
s;,r,d co,,tcnt. 

Ik~rris (1!169) rcpurtccl on'iehtivc moGlitics of several insecticides and 
hc+icidcs i n  soil systems. 'l'he chlorinated hydrocarboiis.(aldrin, 0.p'-DDT, 
p,p'-l)I)'I', 1)I)D. dieldrin, endrin, and heptachlor) were immobile by his 
standiirds, I'horatc and disiilfoton wcre very slightly mobile, while diazinon 
and cspcci:illy tliionilziii eshibited greater mobilities. Among the herbicides, 
c l i loro~ir~~~~liai i i  and tolucne herbicides (benefin, nitralin, trifiuralin, di- 
prqxilin) lrad very low mobility. A gi'oup of licrbicides having somewhat 
higlicr rnubility iriclurlcd momiron, bo turon, linrrrorr, diuron, atrazine, sima- 
zinc, Iirqiir~inc. promctryne, EI'TC, pcbulate, vernolate, and diphenamid. A 
group Iiavirig even Iiighcr mohility included dinoseb, pyriclor, norea, and 
cycluroii. acid Iicrbicides (dicamlm, tricamba. 2,3,G-TBA, amiben. fenac) 
h l  t i rc  higltcst mobility. 

llulling (1971a, I 9 7 l b ,  1971~)  presented a thorough discussion O F  using 
thin-loycr chromatograpl~y tcchniques to mmsure pesticide mobility through 
soils. Forty pcsticidcs were grouped into five +clntive mobility categories 
using l l icsc ~ccliriiqucs. l le dso ina;isured the eCCect of several soil properties 
on ~nol i i l i~y of pcsticiilcs. 11: found t h t  mobility of nonionic conipounds 
wiis inversely rclntcd to  adsorption. Acidic compound mobility was directly 
corrcl:itctl with soil pl I. lncrcnsing water flux tended to cause increased. 

, .  

mobil iq .  . . .. 
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Eo attempt Il;ls'bccn mnde to make relcrence to every publishedreport 
on Iicsticidc distribution in ii soil profile following leaching. Helling (1970) 
prcsenlcd a cornplcte review on s-traizirie mobility data prior to 1969. €1~11- 
ins et a!. (1371) clilssilied 82 pesticides into five different mobility classes 
b:ised upon data from ii number of refcrenrccs. 

C. Coiiclusiotis 

Alodcls have becn developed to describe mass transfer of organic chemicals 
.through the soil profile by water. All have dealt with rather simple water 
flow systcins assuming unidircctional constant water flow velocity. Best 
apccincnt bctwccn measurcd ;ind calculated pesticide distribution had been 
for numerical solutions of Eq. [7] which allow for nonsingle-valued absorp- 
~iot~-desorptior~ chamctcristics. 

between the pesticide iind soil. Pesticides which have high adsorption coeffi- 
cicrrts will l x  relatively iinniobile in  the soil. 

The dcprh of  maximum pesticide concentration can for practical pur- 
poses be estimated by dividing the depth of water penetration by the adsorp- 
lion cocfficicnt I<. Greatest deviations from this behavior will be for high 
water flow velocities and well aggxgated soils 5vhere some pores are bypassed 
by water. Information presented in other chapters dealing with adsorption 
cocrficicnts is vcry pcrtinetit t o  imderstanding thr mxss transfer of a given 
pcs[iride throii$ ;i*given soil. 

The most innportant pnrameter appears to be the adsorption coefficient 

.. 
IV. APPENDIX A 

List of Synil)ols 

total volume C = concentration, g 
c = "nonvapor" concentration, g g-' soil 

c' = pesticide conccntrxtion in solution, gem+ solution 
cs = ptsticiile concentration in solution, g g-' soil 
I) = dillosion coclficicnt, cmzscc-' 
IT' = iiispcrsioii coefficient, cmZsec? 

. * 

I);! = &flusion cocfficicnt of molecolcs adsorbed at water-soil interface, 

11, = dillusion cocfricicnt of molrcules adsorbed at water-air interface, 

ns = apparent solution phase diffusion cocfficient, cm2sec-' 
I&, = vapor phase tlit~osion coefficient, cm'sec-' 
D; = appxent "nonvapor" p113se diffusion coefficient, cm2sec-" (in- 

A" = cocificicnt of prqmrtionality between solution concentration and. 
~ c m c e i i ~ ~ i t i ~ i ~ i  aiisorIicd iit soilwater interface, n" = SIC'. cm' 

cm2sec-' 

cin'sec-' 

cludes factor Cirr cxchange with vapor pl~ase) 

w;~tur g-l soil 
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h’ = dimensiviiless coefficient of  proportiorlality between solution con- 
centriitiun and conccntration adsorbcd at soil-wnter Lnterface, R = 
PK’/O 

I’ = air-filled porosity, cm’ccm-’ 
P.r = total porosity, c ~ n ~ c m - ~  

q = nus, quxntity per unit cross sectional area per unit time, g cm-’ 
S W - ’  

It’ = coefficient of pro~mrtioriality between solution concentration and 
cuncentratiun :it the xir-water intcrf;icc, I(’ = I~C’, ~111’ water g-’ 
soil 

I< = coefficient or proportioiidity between vapor density and “nun- 
wpor” concentration (If = cplpp) ,  dimensionless 

S = pesticide concentration arlsorbcd at soil-water interface, g g-’ soil 
7’ = time that pcsticide solution is applied, hours ’ 
a = cocflicicnt rclnted 10 rate of adsorption 
P = soil bulk tlcnsity, g anF3 
p = vapor density, ~ . C W - ~  

0 = volunieiric imtcr content, ~ r n ~ c r n - ~ .  

u0 = ;iver;ige pore-wnter velocity cm sec-l 
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:~-(3,4-dichlorophen).l)-l-rneth~xy-l-meth~~l~re~ 
3-(p-cliloropltenyl)-l,l-dimetliyltirca 
l-n-b1tty1-3-(3,4-dichlqropIienyl)-l-methylurea 
4-(metltylsulfonyl)-2,6-dinjtro-~',iV-dipropyl~niline 
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urea 
S-propyl botylctliyltliiosarbainatc 
O.~-rlirthyl S-[ (eth+hio)methyl] phosphorodithio- 
ate 

plict~i.ltticrcuric acetate 
?,.&-lA( iso~~ropyl:t~ino)-G-mechyltItio-s-tri:~zine 
2-clrloro--I.,ti-~is(iso~ropyl~tnino)-s-tri~~in~ 
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S-propyI itiproppltliiocarl~~imatc 

' -l-ntnitio-3,~,6-tricliloropicolinic-acid 
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This laboratorystudyof theaqueous 
solubility, adsorption, mobility, and 
microbial degradation of polybro- 
minated byphenyls (PBB’s) and hexa- 
chlorobenzene (HCB) was undertaken 
to provide information oftheirbehavoir 
in theenvironment, particularlyon the 
potential for  their movement through 
soil at land disposal facilities f o r  
hazardous wastes. Studies indicated 
that PBB‘s were more than 200 times 
and HCB more than 2.5 times more 
soluble in landfil l  leachate than in 
distilled water. Also, the solubilities of 
PBB’s and H C 8  were higher in creek- 
water and landfill leachates than in 
purified waters; this was correlated 
with a level of dissolved organics in 
the waters. 

HCB showed a greater tendencyfor 
adsorption than did PBB’s. There was 
a high direct correlation between the 
total organic carbon (TOC) content of 
soils and the amountadsorbed. PBB’s 
and HCB were strongly adsorbed by 
the Ambersorb X E - 3 4 8  but not so by 
organic solvents. 

PBB‘s and HCB remained immobile 
when leached with water or landfill 
leachate but were highly mobile when 
leached with organic solvents. PBB’s 
and HCB were found to be resistant tu 
microbial degradation. 

This Project Summary was devel- 
oped b y  E P A s  Mun ic ipa l  Environ- 
mental Research Laboratory, Cincin- 

nati. OH, to announce key findings of 
the  research pro jec t  tha t  i s  fu l l y  
documented in a separate report of the 
same title [see Project Report ordering 
information at back). 

introduction 
The purposes of the study summarized 

here were: to produce a literature 
review on attentuation of P0B’s and 
HCB i n  soil materials; to measure 
quantitatively the aqueous solubilities of 
PBB’s and HCB to determine the effect of 
measuring concentrations of dissolved 
organic matter on the solubilities; to 
measure the adsorption capacity of 
selected earth and carbonaceous 
materials for PBB’s and HCB from 
aqueous and organic solvents; t o  
evaluate the effects of time, organic 
carbon content, adsorbent structure, 
and solvent on attenuation and mobility 
of PBB’s and HCB; to measure the 
persistence of PBB’s and HCB to 
microbial degradation, both in soluble 
cultures and soils; and to use these data 
lo develop a mathematical model that 
wi l l  allow prediction of PBB’s and HCB 
adsorpt ion and mobi l i ty  in earth 
material. 

Pofybraminated Biphenyls 
The major uses of P B B s  were for the 

production of flame retardant resins of 
acrylonitrile, bertadiene, andstyrene for 
business machines, electrical housings, 
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textiles, and other materials. All of these 
uses were discontinued in late 1974 as 
a result of the contamination incident in  
Michigan. At present, no PBB’s are 
being imported in commercialquantities. 

A serious problem was created in 
1973 when PBB‘s were accidentally 
added to livestock feed in place of 
magnesium oxide. In Michigan, thou- 
sands of farm animals had t o  be 
disposed, and approximately300 persons 
became contaminated through their 
food source. Studies in Michigan have 
shown that PBB’s can cause liver, 
kidney, and brain damage in animals. 
and liver damage and personality 
changes in humans. 

PBB’s have the hydrophobic charac- 
teristic of being strongly adsorbed from 
aqueous solution onto soils, depending 
on the soil’s texture and organic carbon 
content. A linear correlation was found 
between adsorption capacity and total 
organic carbon content of soil. Low-clay 
and low organic matter soil resulted in 
higher PBB’s in root crops, but much of 
the contamination could be removed bv 

a 

peeling. 
L i t t le informat ion exists on the 

disposal of PBB’s, except for that con- 
cerning the Gratiot Countv landfill near 
St. Lo&, Michigan, and’the disposal 

Kalkaska County, Michigan, 
the PBB contaminated animals 

were buried. 
Incineration is the safest method for 

disposal of PBBs; however, costs are 
high, they do not burn readily, and 
conditions must be controlled because 
these compounds will reenter the 
environment in the form of stackgases. 
Less expensive alternatives are land 
burial or landfilling, which is more 
accessible and energy efficient. 

PBB’s are very sensitive to UV-light, 
and lower brominated biphenyls are 
found when  PBB‘s are irradiated. 
Degradation of the hexabromobiphenyl 
was more rapid than hexachloroanalog; 
less than 1 0  percent of the init ial 
compound persisted 9 minutes of 
illumination. At present, there is no 
information to indicate that biological 
degradation of PBB’s occurs in animals. 

Hexachlorobenzene 
A problem became evident with HCB 

when contamination in cattle occurred 
in December 1972, near Darrow. 
Louisiana. Quarant ine restrictions 
involved approximately 1 2 0  square 
miles and about 20,000 cattle. By 1974. 
the U.S.D.A. had identified HCB in 
domestic meat and poultrysupplies inat  
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least  14 states. .HCB residues in 
livestock were found above the accept- 
able 0.5 ppm level. 

Itwasestimatedin1975thatapproxi- 
mately240 metrictonswere being used 
annually in the manufacturing of tires 
and as a fungicide for treatment of seed 
grain. An additional 2.850 metric tons 
were being produced annually as a 

’byproduct waste of various chlorinated 
solventsandasanimpurityorbyproduct 
in the production of several pesticides. 

The cost for disposalby incineration is 
desirable but more costly than land 
disposal. Current methods of dispo’sal 
include land disposal (sanitary and 
industrial landfill, deep well injection, 
and dry pond). incineration, open pit’ 
burning, resource recovery, municipal 
sewage treatmentplants, and emission 
to the atmosphere. 

The nature of the soil and the organic 
matter content are factors affecting 
adsorption. The half life of HCB in soil 
under controlled conditions. was ap- 
proximately 4 years. Also, HCB was not 
lost in soil under aerobic (sterile and 
nonsterile) and anaerobic nonsterile 
conditionsfor 1 year. Photodegradation 
was observed when HCB was irradiated 
by UV-light. 

In the complete report, studies &the 
aqueous solubility, adsorption, mobility, 
and microbial degradation of PBB‘sand 
HCB are detaiied. The following will 
discuss some of the various methods, 
techniques, types, a.nd conclusions of 
these studies. 

Materials and Methods 
PPB and WCB Materials 

The PBB material, knownasfireMaster 
PB-6.* was supplied by the Michigan 
Chemical Corporation (lot #6244A); it 
was used without further purification. 

C-PBB (lot #872-244) was synthe- 
sized and purified by New England 
Nuclear Corporation, Boston. Massa- 
chusetts. 

HCB was purchased from Aidrich 
Chemical Company, Inc.. Milwaukee, 
Wisconsin. The product was recrystal- 
lized from glass-distilled hexane. This 
process was repeated several times 
until the purity reached .nearly 100  
percent. 

‘‘C-HCB (lot #852-058) was pur- 
chased from New England Nuclear 
Corporation, Boston. Massachusetts. 
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‘Mention of wade names or commercial products 
does nor Coneliture endorsemenlor recornrneoda- 
tion for “9% 

The specific activity was 35.5 m Ci/m 
mole (0.1 25 m Ci/mgl. No other compo- 
nents were detected by gas chromatog- 
raphy. 

Waters and Leachates 
Disti l led water, deionized water. 

Sugar Creek water, and leachate from 
two landfills (Blackwell and Du Page) 
were selected for use in the solubility 
study. Leachates were centrifuged in  a. 
continuous flow centrifugation appa- 
ratus at approximately 17,000 rpm 
before passing through a 0.22-pm pore 
size membrane before use. 

The total organic content (TOC) and 
chemical analyses of the waters and 
leachates are shown in Table 1. 

Solubility of PBB’s and HCB 
in Waters and Leachates. 
Isomer Identification 

The PBB rnaterialfireMaster.PBX3 isa 
mixture of morethan30 isomers(Figure 
.l).Thesixmajorisomersare2,2’,4,5,5’-. 
penta-; 2,3’,4,4’,5’-penta-; 2,2’,4,4‘,5.5’- 
hexa-; 2,2’,3,4,4‘.5‘-hexa-; 2,3’,4,4‘,5,5’- 
hexa-; and’ 2,2’.3,4,4‘.5,5.‘-hepta bro- 
minated biphenyl. 

The remainder of the 30 isomers were 
not identified completely; the mass 
spectrometer analysis (Figure 2) shows 
the number of bromine atomsfor these 
remaining isomers. 

Solubility in Pure Water 
The compositions of penta- (peaks 1- 

3). hexa- (peaks 4-81. and hepta- (peaks 
9 and 10) isomers in the hexane-water- 
soluble fractions of fireMaster BP-6 are 
compared in Table 2.. In general. the 
water-soluble fractions of the PBB 
mixtures were richer in the lower 
brominated isomers than the original 
(hexane-soluble) PBB mixtures-this 
should be considered when attempting 
to predict PBB migration in aqueous 
solution. 

The solubility of the major isomersof 
PBB’s and solubilities of HCB in de- 
ionized water as a function of filter 
media atroom temperature.showed that 
filter pore size was a major factor in 
measuring the aqueous solubility Of 
PBB’s and HCB. A finite pore size may 
allow particles smaller than the pore to 
pass through; this consequently affects 
the measurement of solubility. Recog- 
nizing that the definition of solubility in 
this case is an  operational one. a 0.22- 
,urn cellulose acetate membrane Was 
chosen for future studies of solubility 



and adsorption measurements. This was 
done because it is believed that ttie 
maller pore size yielded filtrates that 

solubility than the larger pore size, and 
because t h e  hydrophi l ic  ce l lu lose 
acetate membranes were operationally 
easier to use and less costlythanTeflon, 
while yielding comparable solubility 
values. 

e were more representative of the "true" 

Solubjlity in Waters 
and Leachates 

The solubilities of PBB's and HCB in 
waters and leachates as a function of 
time are shown in Tables 3 and 4. The 
results show thatthesolubilitiesof both 
PBB's and HCB were very low and that 
there was no significant change in the 
measurements after 2 days, 6 months, 

.or even 1 year. It was concluded, 

therefore, that equilibrium was com- 
pleted within 2 days. 

The average solubilities of PBB's in 
distilled water, deionized water. creek 
water, Du Paye leachate. and Blackweil 
leachate were 0.057 pg/L, 0.317pg/L, 
0.497 py/L, 8.889 pg/L, and 16.892 
pg/L, respectively, and the average 
solubilities of HCB in the same waters 
and leachates were 1.75 pg/L, 1.78 

Table 1. Total Organic Carbon (TOCI and Major Elements Analyses of Waters Used in P86s and HCE Solubility Study 

Waters TOC E Ca Cr Fe Ms Mn zn Ne K 
lppb) lmg/Lj  lmg/L) lmdLJ lmg/L) lmg/Ll (mg/LI lmg/LI lmg/L) ( m d L I  

Distilled water 335 EDL' EDL EDL EDL EDL EDL EDL EDL EDL 
Deionized water 336 BDL EDL BDL EOL BDL EDL EDL EDL EDL 
Suoar Creek 1.841 0.083 80.4 0.013 0014 28.3 EDL 0.087 10 1 1.8 ~~- ~.~ ~ 

El&kwellleachate 63,030 0.915 48.3 0.133 0.135 191.0 0.045 0.087 29110 232.0 
Du Page leachate 83,690, 2.690 33.6 0.092 0.091 140.0 EDL 0.271 321.0, 28'1.0 

'BDL = Below detection limit. 
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Figure 1. Ges chromatogram ofPEE isomers on SE-30 WCOTglass capillary column. using Nielectron capture detector. The 
numbersoneach oeak are theretention timesinminutes:the numbersalon.Qthe baselineareihenumbersofEratems - 
present in the particular isomer as identified by mass-spectral analysis. 
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Peak NornhPr . -. . . . -. . 

Figure 2. Gas chromatogram of the PEE mixture fireMaster EP-6 on 6-ft.glass 
column packed with 3percent SE-30 on 80/700mesh Chromosorb WHP. 

Distribution of PEE Isomers in Hexane- and Water-Soluble Fractions of 
fireMaster EP-6, Based on Total AreaX 

TableZ. 

Water-solublet ’ 
Isomer Hexane -soluble A B 
Wrl l%l PW i%I 

1 (5 Erl 3.84 18.30 16.49 
2 (5 6r) 0.31 6.06 6.31 
3 (5 Er) 5.02 * 17.09 15.50 
4 (6 Er] 1.21 3.48 4.73 
5 (6 Er) 60.44 27.32 31.67 

’ S (6Br l  10.42 14.92 12.00 
7 (6 Erl 4.42 4.12 5.50 
8 (6 811 1.39 1.50 1.08 
9 (7 Erl 7 1.92 6.51 5.69 

10 (7 Erl 0.91 0.70 1.10 
TOTAL 99.88 100.00 100.07 

‘Using electron capture detector. 
TPEE-saturated water filtered through glass wool (AI and glass microfiber filter (E). 

pg/L. 2.22pg/L. 4.14 pg/L, and 4.47 the waters given in Table 1. These 
pg/L. respectively.The higher solubilities results indicate that PBB’s were more 
of both compounds in creek water. and than 200 times and HCB more than 2.5 
leachates were directly correlated with times more soluble in landfill leachates 
the level of dissolved organics in the than in pure waters. The type of 
waters, as shown by theTOC’yalues for dissolved organic  ma t te r  i s  also a 4 
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apparently important in determining 
how soluble the compound wili.be in a 
given water. These factors must be 
considered when predicting the migra- 
tion of these compounds ‘from waste 
disposal sites. 

Adsorption b y  Soil Materials 
and AmbersorbB Carbana- 
ceous Adsorbent 

All data were fitted by linear regression 
tothe log formoftheempiricalFreundlich 
adsorption equation: 

log += log K + 1 /n log C, 
where x = p g  or ng of compound 
adsorbed; m weight ofadsorbent(g): C, 
= equil ibrim concentration of the 
solution ljtg/.mL or ng/mL); and K and 
l / n  are constants. 

The intercept of the linear plot of the 
Freundlich equation is equal to the 
value of K when C,=l-(logC,=O).TheK 
value can be used to compare the 
adsorption of different components on 
,various earth materials at unit concen- 
trations. The K values reported in this 
study are in units of pg/g at unit 
concentration of 1 pg/mL and are in 
units of ng/g at unit concentration of 
ng/mL. The slope of the line.gives l / n  
and provides a rough estimate of the 
intensity of the adsorption; it atso varies 
in.a regular mannerwith thetemperature 
of the system and the nature of the 
adsorbate. 

Adsorption b y  Soils 
The measurenentsof PBBadsorption 

on three soils from Blackwell leachate 
and HCB adsorption .from deionized 
water were plotted according to the 
Freundlich isotherms. The data for both 
compounds yielded linear and nearly 
parallel lines for each soil type tested. 
AIi the regression lines.generated had 
coefficients (rZ) of at least 0.98; ,this 
indicates a n  excellent f it of the data to 
the Freundlich equation. The data also 
show that HCB had a greater tendency 
for adsorption on theseadsorbentsthan 
did PBB’s under these experimental 
conditions.The adsorption of PBB’s and 
HCB on these.three soils followed the 
series: mucbCatlin>Ava. This suggests 
a relationship between the organic 
carbon content of these soils and their 
adsorption capacity for PBB‘s and HCB. 

Effect of Organic Solvents on 
Adsorption b y  Soils 

‘The adsorption of hexane-ethanol- 
soluble “C-PBB’sand “k-HCB bv Catlin 

., 



Solubiliiy of P B B s  in Waters and Leachates {pgfL)" filiered Through Presaturated Millipore Membrane (0.22 #m] as a 
Function of Equilibration Time 

Distilled water Deionized water 
2 4 7 2 4 7 6 

Peaks days days days days days days months 
1 BDLt BDL BDL 0.030 0.029 0.035 0.037 
2 BDL 6DL BDL 8DL BDL BDL 8DL 
3 BDL BDL - BDL 0.040 0.038 0.045 0.055 
4 0.001 0.002 0.00 1 BDL BDL BDL 0.013 

6 0.004 0.003 0.004 0.059 0.050 0.064 0.062 
5 0.035 0.032 0.038 , 0.136 0.142 0.125 0.100 

7 BDL BDL BDL 0.017 0.016 0.015 0.014 

9 0.017 0.019 0.01 6 0.028 0.025 0.026 0.023 
10 BDL BDL 8DL BDL BDL BDL BDL 
TOTAL 0.057 0.056 0.059 0.319 0.308 0.325 0.31 6 

8 BDL BDL BDL 0.009 0.008 0.015 0.012 

Sugar Creek Du Page Blackwell 
2 ' 4  7 2 4 7 2 4 7 

Peaks days days days days days days days days days 

1 0.038 0.034 0.043f 0.461 0.501 0.448f 0.610 0.660 0.7211: 
2 BDL BDL BDL 0.242 0.240 0.244 0.490 0.498 0.520 
3 0.040 0.039 0.044 0.901 1.005 0.760 1.415 1.373 1.467 
4 0.005 0.004 0.006 0.178 0.210 0.163 0.306 0.314 0.333 
5 0.175 0.161 0.190 2.605 2.686 2.417 5.615 5.097 , 6.141 
6 0.067 0.087 0.089 1.673 1.979 1.457 , 3.000 2.979 3.149 

8 0.037 0.039 0.038 0.610 0.490 0.469. 0.773 0.756 0.71 1 
9 0.080 0.074 0.084 1.050 1.203 0.930 1.925 1.908 2..136 

7 0.039 0.037 0.042 0.910 0.923 0.788 1.857 1.709 1.901 

BDL 6DL BDL 0.430 0.427 0.368 0.790 0.725 - 0.798 
@*:TAL 0.481 0.475 0.536 8.960 9.664 8.044 16.781 16.019 17.877 

*Each value is a mean of two reolications. 
$Below detection limit, 
$Each value is a mean of four replications (two separate sets). 

Table 4. Solubility of HCB in Waters and Leachates (pg/L) Filtered Through 
Presaturated Millipore Membrane (0.22 pin1 as a Function of Equilibration 
Time 

Concentration (pg/L)" 
Waters and 
Leachates 2 days 7days 30 days 1 vr 

Distilled water 1.77 1.71 1.75 NO' 
Deionized water 1.83 1.67 1.78 1.89 
Sugar Creek water 2.43 2.35 2.22 ND 
Du Page leachate 4.17 4.04 4.14 NO 
Blackwell leachate 4.58 4.29 4.47 ND 
"Each value is a mean of two reolications. 
'Not determined. 
and muck soil was investigated. Littleor 
no adsorption of either PBB's or HCB 
from these two organic solvents was 
observed. Representative data for 
hexane-soluble ''C-P8B's and ''C-HCB 
remaining in hexane solution after 
equilibrium with Catlin silt loam soil are 
presented in Table 5. 

As indicated by these results, it may 
be feasible to dispose of PBB's or 

B dissolved in organic solvents on 

soils. A migration of PBB's and HCB 
from the soil surface or from a landfill 
environment could occur if PBB or HCB 
wastes and organic solvents were 
disposed of at the same location. 

Adsorption by Ambersorb 
XE-348 from Organic Solvents 

The adsorption of PBB's and HCB by 
carbonaceous adsorbents was investi- 

gated to learn if activated carbons or 
similar materials could be used io 
adsorb these two compounds from 
organic solvents. 

The measurements of PBB and HCB 
adsorption from several organic solvents 
by Ambersorb XE-348 were plotted 
according to the Freundlich adsorption 
isotherm. In contrast t o  the results 
obtained with soils, these data indicate 
that large quantities of PBB's and HCB 
were adsorbed by the Ambersorb from 
the organic solvents. There were also 
large differences in the amounts ad- 
sorbed among the solvents. HCB was 
consistently absorbed in greater amounts 
than PBB's from a given solvent; this 
was also true for adsorption by soils 
from aqueous solutions. The fact that a 
high melting point indicates that the 
adsorption of PBB's from a solvent is 
lower, and that the higher inter-  
molecular forces for nonionic com- 
pounds must be overcome for melting to 
occur, shows that inter-molecular 
forces between solvent-solvent mole- 

5 



cules and solvent-solute molecules are 
portant factors in determining the 

mount of PBB’s and HCB adsorbed 
from organic solvents. 

Results indicate that the various PBB 
isomers have different affinities for a 
given adsorbent from a given solvent. 
These facts may be important when 
predicting PBB migration through soils 
or Carbonaceous liners if the isomer 
distribution is markedly different than 
that found in fireMaster BP-6. or if 
various solvents are involved. 

Effect of Soil 7OC 
on Adsorption 

There was a high direct correlation 
between theTOC content of the soil and 
the amount adsorbed. 

The PBB adsorption constant (K) was 
plotted as a function of TOC. A high 
correlation was found with a linear 
regression relation of: 

K = 64.92 + 17.57 TOC 
r2 = 0.999 

For HCB, results were silimar: 

log K =  2.01 +0.10 TOC 
r2 = 0.999 

O h e s e  results indicate that the adsorp- 
t ion properties of soil materials for 
PBB’s and HCB can be predicted 
accurately when TOC content of thesoil 
is known. This information should be 
used with caution, however, because 
only three soils were used to develop 
the equations. The large values of the 
intercept indicates substantial adsorp- 
tion should take place when the TOC 
content of the soil is zero. This implies 
that the mineral fraction of the soil 
contributed to the adsorption capacity; 
therefore, the relationship may be 
incorrect for soil materialswith IowTOC 
content. 

Mobility of PBB’s and HCB 
in Soil Materials 
Effect of Leachate Solvent 
and Soil TOC 

Table 6 shows the mobilities of PBB’s 
and HCB. expressed as Rf values, in 
several earth materials as determined 
by soil thin-layer chromatography(TLC). 
The data show that PBB’s and HCB 
remained immobile in the earth mate- 
rials when leached with water and Du 
Page leachate, but were highly mobile 

leached with organic solvents. 

6 

PBB’s and HCBarenonpolarin nature 
and have l o w  solubil ity in water; 
however, they have; high solubility in 
organic solvents -such as dioxane, 
carbon tetrachloride, acetone, methanol, 
etc. The mobilities of PBBs and HCB in 
earth materials were dramatically 
reduced when they were leached with 
the acetone/water mixture. 

Column Leaching Studies 
Column leachate studies showedthat 

no PBB’s or HCB were retained in 
columns when ethanol containing ‘% 
PBB’s or ’‘C-HCB was percolated 
through the soil columns. Also, nearly 
100 percent of ’‘C-PBBs or ‘‘C-HCB 
were  recovered from soi l  columns 
percolated with organic solvent. 

These facts are significant for the 
diposal of PBB’s and HCB wastes. To 
prevent migration of PBBs and HCB 
from a landfill.PBBandHCBwastesand 
organic solvents should not be disposed 
of in the same landfill area, and neither 
compound should be allowedtocome in 
contact with leaching organic solvents 
in soils.The resultsfrom the adsorption 
studies indicate tha t  carbonaceous 
liners may restrict the migration by 
removing PBB’s or HCB dissolved in 
organic solvents. 

Degradation of PBB’s and 
HCB in Soils 
Extraction of PBB‘s and 
HC5 from Soil 

The studies indicate that a polar 
organic solvent is important in the 
extraction of PBB’s and HCB from soil. 
This suggests that acetone or methanol 
acts as a bridge between thewaterfi lm 
on the soil particles and allows transfer 
of the compound being extracted into 

the nonpolor solvent, thus yielding 
higher extraction efficiencies from the 
dual solvent system than when either 
so1vent.is used alone. 

Soil Incubation Studies 
Data in the incubation studies show 

that PBB’s and HCB persisted for 6 
months in the soil, with no significant 
decreases .in concentration resulting 
fro,m to microbial degradation. 

SincePBB’sarenot degraded.areriot 
leached by water, are not.taken up by 
plants, and .are not readily volatilized. 
we  expect PBB‘s to be a permanent 
component df contaminated soils. HCB 
a k o  is notdegradedor teachedbywater 
and is probably not taken up by plants; 
however, HCB has a moderate vapor 
pressure and its most likely path for 
redistribution or migration in soils is by 
vapor transport. 

Recommendations 
The results showthat organic solvents 

increase the mobility of PBB’s and HCB 
and that carbonaceous adsorbents such 
as Ambersorb XE-348 are capable of 
adsorbing PBB’s and HCB from organic 
solvents. These findings led to the 
recommendationthat disposal of PBBor 
HCB wastesclissolved in organic solvents 
or co-disposal of PBB or HCB materials 
wi th organic solvents be avoided at land 
disposal sites unless a carbonaceous 
liner material is used. 

Because it was shownthatadsorption 
of PBB’sandHCBbysoilswasessentialiy 
zero in organic solvents, the problem of 
predicting PBB and HCB migrat ion 
shifted from adsorption to fluid con.duc- 
tivity. Prediction of migration depends 
on a knowledge of wha t  the f lu id  
conductivity of the soii material is to the 
organic solvent. Unfortunately, infor- 
mation on this subject is sparse. To 

Table 5. ‘‘C-PBBs and?-HCB Remaining in Hexane Solution After Equilibrium 
with Catlin Silt Loam Soil at 2 2 O  I lac 

Amount of soi l  Concentration (ppm)” 

(91 ’‘C-PBB’s ‘‘C-HCE 

0 0.325 0.227 
1 0.330 
2 0.324 
3 0.327 
4 0.320 
5 0.322 
6 0.323 
8 0.320 

0.229 
0.227 
0.224 
0.224 
0.225 
0.223 
0.223 

10 0.322 0.225 
*Each valueisa mean oftworeplications. TheoriginalconcentrationofPPBSandHCB 
were 0.326 ppm end 0.228 ppm, respectively. 



able 6. Mobility, Expressed as Rf Values, of PEEs and HCE in SeveralSoil M&eriaJs Leached with VariousSolvents. Measured 
by Soil TLC 4 
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Rf Values' 
Du Page Acetonelwater 

:i 
Soi l  Water Leachate (1:l. V / V )  Methanol Acetone Dioxane 
Materials PEE HCB PEE HCE PEE HCE PEE HCE PEE HCE PEE HCE 

The EPA.author of this Project Summary is Norma M. Lewis of the Municipal 

Richard A. Carnes was the EPA Project Officer (see contact below]. 
The complete report, entitled "Attenuation of Polybrominated Eiphenyls and 

Hexachlorobenzene by Earth Materials." was authoredby R. A. Griffin andS. 
F. J. Chouof the Illinois State GeologicalSurvey. University oflllinois. Urbana. 
lL 61801 {Order No. PE 82-107 558; Cost: $8.00. subject to change] wi l lbe 
available only from: 

Environmental Research Laboratory. Cincinnati, OH 45268. 

National Technical Information Service - 
5285 Port Royal Road 
Springfield. VA'22 16 1 
'Telephone: 703-487-4650 

For information contact Mihe H. Roulier at: 
Municipal Environmental Research Laboratory 
U.S. Environmental Protection Agency 
Cincinnati. OH 45268 . 

: Catlin 
.silt loam 0.00 0.00 0.08 0.00 0.01 0.00 0.40 0.40 0.69 0.45 1.00 0.99 

Flanagan 
silty clay loam NDt ND 0.00 0.00 ND ND 0.60 0.44 ND ND 1.00 1.00 

Ava 
silty clay loam 0.00 0.00 0.00 0.00 0.02 0.01 0.61 0.48 0.76 0.80 1.00 1.00 

Bloom field 
loamy sand NO ND 0.00 0.00 ND ND 0.86 0.72 NO ND 1.00 1.00 

Ottawa sand 0.00 0.00 0.00 0.00 0.17 0.02 1.00 0.99 0.99 1.00 1.00 1.00 

*Computed from statistical peak analysis of data by using values of first moment for grouped data. 
?No.= Not determined. 

predict migration, more information is 
needed to determine the effects of soil 
properties, soil moisture conditions, and 
organic solvent interactions on t he  
migration rate of the solvent through 
soil materials in a landfill environment. 

The results and conclusions formu- 
lated from this study deal specifically 
w i th  attenuation and mobility of PBB's 

nd HCB in the liquid phase. Vapor 
ase transport through soil pores was ' e  gnored; however, for compoundswitha 

moderate or high vapor pressure, such 
as HCB, this means of migration may be 
a significant mechanism for redistribu- 
tion. More information is needed to 
assess the magnitude of this means of 
migration for organic wastes. 

The full report was submitted as an 
amendment to Grant No. R-804684-01 
by the Illinois State Geological Survey, 
Urbana, IL, under the sponsorshipofthe 
U.S. Environmental Protection Agency. 
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Presented Before t h e  Division of Environmental Chemistry 

American Chemical Soc ie ty  
Washington, D.C. September 1963 

A .FIELD EWWTNENT ON GROKKJ WATER TRANSPORT 
OF HALOGE'NATED, ORGANIC SOLUTES _' 

Douglas bf. Mackay, David L. Freyberg, Nark N. Goltz ,  
Gary D. Hopkins, and Paul V. Roberts 

Department of C i v i l  Engineering 
Stanford University 

Stanford,  Ca l i fo rn ia  94305 

. .  

To assess whether understanding gained from theory and l abora to ry  experiments 
can be used t o  i n t e r p r e t  and p r e d i c t , t h e  t r anspor t  o f  halogenated organic  s a l u t e s  
i n  ground water under n a t u r a l  f i e l d  cond i t ions , . a  group of i n v e s t i g a t o r s  from 
Stanford Univers i ty  and t h e  University .of Waterloo have i n i t i a t e d  a la rge-sca le  
n a t u r a l  g rad ien t  f i e l d  experiment. 
u t e s  was i n j e c t e d  as a broad pulse  i n t o  an uncontaminated p o r t i o n  of an uncon- 
f i n e d ,  g l a c i o f l u v i a l  sand .aquifer a t  Canadian Forces Base Bordem in Ontario. 
Canada. 

Experimental 

The s o l u t e s  and. t h e i r  i n j e c t e d  concen-. 
t r a t i o n s  were: ch lo r ide  (692 m g / l ) ,  bromide (324 mg/l) ,  carbon t e t r a c h l o r i d e  
(31 y g / l ) ,  bromoform ( 3 5  p g / l ) ,  t e t rachloroe thylene  (30 pg/ l ) ,  o-dichlorobenzene 
(337 p g / l )  and hexachloroethane (2.0 yg/ly. The i n j e c t i o n  concent ra t ions  were 
chosen t o  allow de tec t ion  of the s o l u t e  plumes f o r  a r e l a t i v e l y  long  per iod of 
time (over 1 y e a r )  using r a p i d ,  r e l i a b l e  i o n  and gas chromatographic techniques. 

The s o l u t e  plumes are being monitored using a dense netrjork of m u l t i l e v e l  
sampling w e l l s ,  w i th  ho r i zon ta l  spacings of 0.5-3.0m and v e r t i c a l  spacings of 
0.2-0.3m. 
grad ien t  (x-axis), is 15-20m wide, and coveKs , a  ver t ical  i n t e r v a l  of 1..5-6.Om 
below ground s u r f a c e .  A s  of Narch 1983, ave r  4000 samples had been co l l ec t ed  
using devices  s p e c i a l l y  designed t o  ensure t h a t  t h e  s a m p l e s  were r ep resen ta t ive  
and properiy logged. The majori ty  of samples w e r e  taken i n  seven s e s s i o n s ,  a t  
i n t e r v a l s  of 1-3 weeks, t o  y i e l d  d e t a i l e d  three-dimensional "Snapsfiots" o f  So lu te  
d i s t r i b u t i o n .  The r e s u l t s  of i n t ens ive  examination of t he  snapshat d a t a  have been 
reported elsewhere (1). The goal of t h a t  e f f o r t  was t h e  . q u a n t i t a r i v e  charac te r i -  
za t ion  of t h e  s i z e ,  shape and loca t ion  of t h e  s o l u t e  plumes, inc luding  the estima- 
t i o n  of  t o t a l  d i sso lved  m a s s ,  l o c a t i o n  of the center  o€ mass, and the second 
moment of mass about the cen te r  of mass of  each s o l u t e  plume. F r o n t h a t  informa- 
t i o n ,  q u a n t i t a t i v e  desc r ip t ions  of t h e  advect ive and d i spe r s ive  c h a r a c t e r i s t i c s  
of the  plumes have been developed. 

Eiore f requent  sampling (3-5 times/week) i s  being conditcted a t  three p o i n t s  
w i t h i n  t h e  we l l - f i e ld  near  t h e  i n j e c t i o n  zone t o  provide more 'de t a i l ed  t i m e  series 
Conyentration i n f o m a t i o n  (breakthrough curves).. 
curves f o r  one of  t h e  po in t s  i s  shown i n  Figure 1, i n  which normalized concentra- 
t i o n s  (measured va lues  divided by t h e  i n j e c t e d  concent r i t ions)  are p l o t t e d  versus  

i l l u s t r a t e s  t h e i r  var ied  mobil i ty  under n a t u r a l  g rad ien t  conditions. .  
P l o t s  were obtained f o r  t h e  o ther  two p o i n t s  sampled frequent ly .  
whose breakthrough w a s  complete, t h e  plots permit some pre l iminary  q u a n t i t a t i v e  

I n  August 1962, a known m a s s  of s e l e c t e d  sol- 

The t o t a l  volume i n j e c t e d  was u r n 3 .  

' 

The network extends approximately 40m i n  t h e  d i r e c t i o n  of t h e  natural  

. , 

i 

An example Of the breakthrough 

-- 
t ine  af ter  i n j e c t i o n .  The chronatographic s e p a r a t i o m o f  t h e  s o l u t e s  g raph ica l ly  - 

Simi lar  
For s o l u t e s  

' ana lys i s  as fol lows.  

7 



. .. . Resul ts  and Discussion 

t i n e ,  ti, f o r  t h e  cen te r  of mass of s o l u t e  i t o  t r a v e l  from its i n j e c t e d  l o c a t i o n  
t o  the sampling point .  
i d e n t i c a l  . locat ion of center  of mass of each s o l u t e  a f t e r  ' i n j ec t ion ) ,  the re ta rda-  
t i o n  f a c t o r ,  R.,  f a r  t ranspor t  of organic s o l u t e  i i s  given by ( t . / t  ), where t 
is the  t r a v e l  $ime for .  t h e  conservative t r a c e r s .  The . t r a v e l  time2 agd r e t a r d a h o n  
f ac to r s  thus determined a r e  shown i n  Table 1 f o r  the  th ree  sampling po in t s ,  a1on.g 
w i t h  t h e  coordinates.  of the  points.  

carbon t e t r a c h l o r i d e  and bromoform a r e  similar and t h e  v a r i a t i o n  o f ,  values  f o r  a 
given s o l u t e  a t  t he  th ree  sampling poin ts  is 15% o r  less. 
a r e  s i g n i f i c a n t ,  they may r e f l e c t  s p a t i a l  v a r i a b i l i t y  i n  s o r p t i v e  cha rac re r i s . t i c s  
of the  aqui fe r ,  a s  t he  s o l u t e s  t r a v e l  d i f f e r e n t  pa ths  t o  t h e  sampling points.. 
Fur ther  work is necessary t o  def ine the  confidence l i m i t s  of t hese . e s t ima tes  be- 
f o r e  a f i rm conclusion regarding such s p a t i a l  v a r i a b i l i t y  can be made. 

ca l cu la t ions  based on theory and empirical  co r re l a t ions .  I f  mass t r a n s f e r  of 
s o l u t e  t o  sorp t ion  si te i s  rap id  (i.e., l o c a l  equi l ibr ium is  a t t a ined )  and the.  
so rp t ion  equi l ibr ium re l a t ionsh ip  i s  l i n e a r ,  t he  r e t a r d a t i o n  f a c t o r  f o r  i d e a l  
flow t ranspor t  of t he  sorbing but non-reacting s o l u t e  is given by 

.a - The t i n e  which b i sec t s  the  a rea  under each breakthrough curve is' taken a s  t h e  

Assuming uniform i n j e c t i o n  of t hewar ious  s o l u t e s  ( i . e - ,  . 

0 0 .  
Examination of Table 1 revea ls  t h a t  the  estimated r e t a rda t ion  f a c t o r s  f o r  

, 
I f  these d i f f e rences  

It is  i n s t r u c t i v e  t o  compare the  f i e l d  estimates of r e t a r d a t i o n  f a c t o r s  w i th  

where Kd = t he  d i s t r i b u t i o n  c o e f f i c i e n t  (m3/g), pb.= t h e  bu lk  dens i ty  of t h e  
aqu i f e r  mater ia l  ( e lm ' ) ,  and n 3 t he  aqu i f e r  po ros i ty  (void f r a c t i o n ) .  
e t  a l .  (2) found t h a t  t he  value of K 
mated by -. 

Karickhoff 
fo r  a given so i l - so lu t e  system is well-est i -  

d 

Kd = ,  6.3x10-'focKow 

where f 
p a r t i t i %  c o e f f i c i e n t  (molar concentration b a s i s ) .  
Schwarzenbach and Westall  (3 ) ,  K w a s  bes.t es t imated by 

= f r a c t i o n  of organic  carbon i n  t h e  s o i l  (g/g) and K = OCtanOl:Watf%r 
OW I n  similar experiments by 

d 
l o g  Kd = 0.72 l o g  KO, + . l o g  foc  - 5.51 . .  

where d e f i n i t i o n s  and u n i t s  a r e  as before.  

w i t h  values  ca l cu la t ed  using the  equations above. 
taken from Hansch and Leo ( 4 )  and are. l i s t e d  i n  t h e  t ab le .  
as. 1 . 7 6 ~ 1 0 ~  g/n3 and po ros i ty  ;as 0.35 ( 5 ) .  
aqu i fe r  s o l i d s  has  been est imated a s  0.075-0.2% in pr'eliminary ana lyses  a t . S t a n -  
ford  and Waterloo. 
f a c t o r s  corresponding t o  t h a t  range of organic carbon contents .  

Although f u r t h e r  work i s  required t o  improve our es t imat ion  of f i e l d  retarda- 
t i o n  and aqu i f e r  c h a r a c t e r i s t i c s  (espec ia l ly  foc  and n), Table 2 i n d i c a t e s  t h a t ,  
the  ca lcu la ted  values  of R f o r  bromoform agree well wi th . the  f i e l d  r e s u l t s .  Agree- 
ment i s  not  a s  good for .carbon t e t r ach lo r ide .  Comparison f o r  the o the r  s o l u t e s  
iS not poss ib le  a t  the  t1c.e of wr i t ing ,  a s  breakthrough i s  incomplete. Continue$. 
sampling and a n a l y s i s  w i l l  al low more comp.lete comparison, i n  t h e  f u t u r e .  
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TABLE 1: RESULTS OF BREAKTHROUGH SKXI'LING 

'i 

Sampling Location . Solu te  Average Travel  T i m e  .Retardat ion F a c t o r .  
( d a y s )  

Well ( 2 , l )  tube 9 

x = 2.5m Chloride 32 1.00 
y = 1..25m Carbon Te t r ach lo r ide  46 1.44 

z = 3.4m Bromof orn 48 1.50 

[Jell (2,O) tube 7 

x = 2.5m Chloride 40 1.00 

Y = 0. * Carbon Te t r ach lo r jde  66 1.65 

2 = 3 . h  Bromoform 68 1.70 

Well (4 ,O)  tube 7 

x = 5 . h  Chloride 67 . 1.00 

y = o  Carbon Tet rachlor ide  115 , 1.72 

z = 3.0m Bromoform 120 1.79 

TABLE 2 : COXTARISON OF RETBRDATION FACTOR ESTIEUTES 

Retarda t ion  Factor  (R) 

So lu te  log KowA Calculated according t o  F i e l d  R e s u l t s  
R e f .  2** Ref. 3** 

1.4 - 1.7 Carbon Te t r ach lo r ide  2.72 2.2 - 4 . 1  2.0 - 3-6  

Bromoform 2..35 1.5 - 2.4 1.6 - 2.5 1.5 .- 1.6 
Tetrachloroe thylene  2.60 1 . 9  - 3 .3  1.8 - 3.1 *** 
0-Dichlorobenzene 3.38 6.3 - 15 3.9 -'6.8 *** 
Hexachloroethane 4.62 92 - 244 ' 24 - 62  .*:';jt 

* 
** 
**fr i n s u f f i c i e n t  f i e l d  d a t a  f o r  eva lua t ion  o f ' R . a t  time of Wri t ing  

octanol-water p a r t i t i o n  c o e f f i c i e n t s  from Hansch and L e o  ( 4 )  
see text f o r  d i scuss ion  of ca1culat . ions.  
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.$ prefabricated asphalt panels have been used as l iners  for water reservoirs .  

These pmels typical ly  consist  of a core layer of blown asphalt blended with 
mineral f i l ' lers  and reinforcing fibers. The asphalt mix  i s  molded under heat 
and pressgre, t h e n  placed between fab,ric sheets with a protective coating of 
ho t  applied asphalt. The fabric  sheets are usua l ly  asphalt impregnated f e l t ,  
p l a s t i c s ,  or f lex ib le  glass fabr ics .  Panels are one-eighth t o  one-half inch 
thick,  three t o  four f ee t  wide, and 10 t o  20 f ee t  long .(Asphalt In s t i t u t e ,  
1976, p .  2 1 ) .  The panels are rugged and f lex ib le .  They are f.lexib1e enough 
t o  conform t o  and mold around i r r egu la r i t i e s  i n  th.e subgrade, although bends 

7. with a radius of l e s s  t h a n  12 inches should be avoided. They are  tough enough 
t o  withstand abuse from pocket knives, razor blades, animal t r a f f i c ,  burrow- k 

w ing and digging rodents, l i gh t  vehicular t r a f f i c ,  and the  erosive forces of 
2. wind and waves. When properly instal led and seamed, the panels form a rela-  

t lve ly  smooth watertight seal. exhibiting the  res.istance charac te r i s t ic  of 
asphalt as described previously. Some problems occur with aging i n  hot dry $ 

i climates; vo la t i le  f ract ions are l o s t ,  causing the panels t o  become somewhat 
d ' b r i t t l e  and t o  s h r i n k .  Thermal expansion and contraction of exposed panels 
,.4 may cause "neck down" a t  j o in t s ,  resul t ing i n  cracks 'and poss ib l e  leaks.  

These problems may be pa r t i a l ly  overcome by covering the p o r t i o n s  exposed t o  B 
r; d i r e c t  .sunlight (Asphal t  I n s t i - t u t e ,  1976) .  The panels may be jo ined  by 

lapping jo in ts  o,r b u t t i n g  together and seamiqg by use of batten strips. Hot 
asphalt, cold asphalt mastic, or  heat welding may be used ' i n  seaming. 
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Soil cement i s  a compacted mixture of portland cement, water, and selected 
in-place so i l s .  The r e su l t  i s  a low strength portland' cement concrete w i t h  
greater s t a b i l i t y  than natural s o i l .  The permeability of .thi:s mixture var ies  
with the type of s o i l ;  a more granular so i l  produces a more permeable soi l  

,i cement. A f ine-gra ined  s o i l  produces a s o i l  cement with a pe rmeab i l i t y  
3 c o e f f i c i e n t  of a b o u t  10-6 cm .s-1 (S tewar t ,  1975) .  To d a t e ,  t h e m  have 

been few studies performed t o .  design a soil cement with very low permeabil- 
i t i e s  ( l e s s  t h a n  10-8 cm s - l ) ,  as opposed t o  mixes designed f o r  h i g h  conipres- 
s i v e  s t r e n g t h .  To reduce permeabi l i ty  of so i l  cement, c o a t i n g s  such as  
epoxy asphalt and epoxy coal-tar have been used. 

Any s o i l ,  except organic s o i l ,  w i t h  l e s s  than 50% s i l t  and c lay  i s  sui table  
for soil cement. Howev'er, a well-graded so i l  with a maximum s i z e ' o f  0.75 inch 
and a maximum s i l t  and clay content of 35% i s  preferable (Bureau of Reclama- 
t i o n ,  1963). A h i g h  clay -content impairs t h e  a b i l i t y  t o  form a homogeneous 
cemented material t h u s  reducing t h e  efficiency of producing an -impermeable 
layer. Three c r i t e r i a  must be considered fo r '  so i l  cement l iners :  cement 
c o n t e n t ,  moisture content, and the degree of compaction. The optimum moisture 
and cement contents are determined by 'laboratory t e s t ing .  The. optimum mois- 
ture  i s  t ha t  which results i n  maximum density of the compacted so i l  cement. 
Laboratory samples should be tested in wet-dry and freeze-thaw cycle t e s t s  
(ASTM 0559 and ASTM D560) t o  determine the optimum cement content. 

'The aging and weathering charac te r i s t ics  o f  so i l  cements are good,  especially 
those associated with wet-dry, freeze-thaw cycles. Some degradation has been 
noted when this substance i s  exposed t o  highly acidic environments (Stewart, 
1978), b u t  soil cements can r e s i s t  moderate amounts of a lka l i ,  organic matter, 

.< 
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and inorganic s a l t s .  One of the main def ic iencies  of soi l  cement as a l i n e r  
material is i t s  tendency t o  crack and shrink on  drying. 

3.3.4 Soil Asphalt 

so i l  asphalt i s  a mixture of available on-si te  s o i l ,  usually low p l a s t i c i ty ,  
and liquid asphalt .  A s i l t y ,  gravelly soi l  with 10-25% s i l t y  f ines  i s  the 
preferred so i l  type. The permeability of so i l  asphalt a f t e r  compaction varies 
with the percent compaction and the Percent asphalt. A high void content 
(3-10%) s o i l  asphalt has a measurable permeability. Soil asphalts containing 
cutback asphalt are n o t  recommended as l ining materials. Soil asphalt made 
with a s p h a l t  emulsion i s  not suf f ic ien t ly  impermeable and requires a water- 
proof seal such as a hydrocarbon res i s tan t  o r  bituminous seal (Asphalt Insti- 
tu te ,  1976). 

3.4 Flexible Polymeric Membranes 

3.4.2 Description of .the Polyineric Liner Industry 

Although i t  is only a small part of t he  p l a s t i c  and synthetic rubber industry, 
the polymer l iner  industry has a unique hierarchy which needs t o  be examined 

3.4.1 Introduction 

P re fab r i ca t ed  l i n e r s  based upon s h e e t i n g  of polymeric m a t e r i a l s  a r e  of 
par t icular  i n t e r e s t  for  the l i n i n g  of waste storage and disposal impoundments. 
As a group, these materials exhibit extremely low permeability. They have 
f o u n d  substant ia l  use in water impoundments i n  reservoirs and are being used 
in the l ining of sani tary l andf i l l s  and various waste disposal f a c i l i t i e s .  

- Raw materials producers 
- Manufacturers of sheeting o r  r o l l  goods 
- Fabricators of prefabricated panels 
- Ins t a l l e r s  o r  construction contractors.  

A given company i n  the  industry can perform two or more of these functions, 
e.g. a sheeting manufacturer might also f ab r i ca t e  and i n s t a l l ;  however, t ha t  
i s  n o t  the  usual case. Another important f ac to r  i s  t h a t  of the design of the 
disposal s i t e  and the selection of the l i n i n g .  This  function , i s  usually 
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FLEXIBLE MEMBRANE L I N E R  INDUSTRY 

Raw Material Producers POLYMERS 

0 Plastics 

0 Rubbers 

Q Fillers 
(9 Ptasticizers 
B Vulcanizers 
B Protectants 
D Processing Aids 

B i 
Compounders SHEET1 NG 
Manufacturers of Sheeting by: 

Calendering 
Extrusion 

PANELS 
Fabricators 

Assembly of Panel f rom Sheeting 
L I 

Installers 
Construction 

Owners 
Cities, Counties 

States 

Industrial 
Landfill Operators 

LINED FACILITIES 

0 Landfills 

o Ponds 
0 Lagoons 

0 Pits 
B Reservoirs 

' Figure 3-4. Basic s t ruc ture  of the polymeric membrane l iner  industry from raw 
material manufacturers t o  l i ne r  i n s t a l l e r s .  A representative 
l i s t  o f  organizations and personnel in the individual segments of 
the industry i s  presented i n  Appendix 11. 0 
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performed by engineering and consulting firms and a t  times by fabricators  and 
installers.  

Current r e p r e s e n t a t i v e  l i s t s  of polymer producers,  l i n e r  manuf.acturers', 
fabr ica tors ,  and i n s t a l l e r s  are included in Appendix 11. The .various segments 
of the industry are discussed in the  following sections. 

3.4.2.1 Raw Materials Production 

The membrane or finished sheeting i s  made from caw polymer combined with a 
var ie ty  of compounding ingredients, such as carbon black, pigments, f i l l e r s ,  
p l a s t i c i ze r s ,  processing . aids,  crosslinking chemicals, antidegradants and 
biocides. Table 3-5 presents such a l i s t  of polymer producers g i v i n g  trade 
names o r  other common ident i f icat ion and respective suppliers of the polymer. 

The pol.ymer producers 'normally supply technical service t o  reputable sheeting 
manufacturers, presenting recommended formulations and manufacturing pro- 

Some of .the polymer producers conduct random monitoring of the sheet 
manufacturers t o  protect t he i r  polymer, b u t  such qual i ty  control i s  growing 
more d i f f i c u l t  t o  achieve because of the rapid growth of t he  industry. The 
individual polymers are discussed in Section 3.4.3. 

3.4.2.2 Prepara t ion  of Liner Compounds and .Manufacture of 

The f i n a l  s e l e c t i o n  of compounding i n g r e d i e n t s  f o r  each o f  t h e  polymers 0 ' .  is  the responsibi l i ty  of the sheeting manufacturer., The expertise employed i n  
formulating, mixing, and forming sheets will control  the properties 'of  the 
finished ' l iner.  The polymer and i t s  required compounding ingredients are 
often mixed on a mill or i n  an internal  mixer, such as a banbury. The mixed 
compound i s  then converted continuously into rolls of sheeting 48 t o  96 inches 
wide by hundreds o f . f e e t  in length by calendering or extrusion. A description 
of the manufacturing process i s  presented i n  Section 3.4.4. A representative 
l i s t  of sheeting manufacturers i s  presented i n  Appendix TI. 

' cedures. 

Sheeting and Roll Goods 

3.4.2.3 Fabrication 

After calendering or extrusion, the sheeting i s  ready for fabrication i n t o  
panels. In t h i s  s tep the sheets or r o l l  goods are jo ined  (seamed) together t o  
form panels ( u p  to.100 f e e t  x 200 f e e t ) ,  The s i ze  of the panels i s  limited by 
w e i g h t  and t h e  a b i l i t y  o f  a crew t o  place it i n  the  f i e l d .  Various seaming 
techniques  can be employed inc lud ing ,  b u t  n o t  l imi t ed  t o :  heat  seaming, 
d i e l ec t r i c  seaming, adhesive systems, and solvent welds. The method used 
should be f u l l y  specified including the type  of qual i ty  control t o  be used. 
Factory seams are usually more r e l i ab le  than f i e ld  seams, since they are  made 
under c a r e f u l l y  c o n t r o l l e d  c o n d i t i o g s .  I f  .the area  t o  be l i n e d  i s  small 
enough, the en t i r e  finished l iner  may be prefabricated in one piece, eliminat- 
ing f i e ld  seaming altogether;  this .  i s  called a d rop- in  l i ne r .  
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TABLE 3-5. POLYMER PRODUCERS AN0 SUPPLIERS 
Polymer Trade Name Company 

Butyl rubber - Exxon 
Col umbi an Carbon 
Polys ar  

Chlorinated polyethylene ( C P E )  CPEa Dow Chemical 

Chlorosul fonated polyethylene (CSPE) Hypalon Du Pon t  

El as t i  c i  zed po.1 yo1 ef i n 
Epichlorohydrin rubbers 

Ethylene propylene rubber (EPDM) 

F1 uoroc arbon po 1 ymers 

Neoprene (chloroprene rubber) 

Ni t r i le  rubber ( N B R )  

Polybutylene ( P B )  

Polyester 

Polyethylene - HDPE 

Polyvinyl chloride 

- LDPE 

Thermoplastic elastomer 

Urethane 

3111 

Herclor 
Hydr i n 

Epcar 
b s y n  
Nordel 
Royalene 
Vistalon ’ 

Viton/Tef lon 

Neoprenea 

Chemigum 
Hyc ar  
Krynac 
NYsyn 
Paracri 1 

Hytrel 

PVCa 

Santoprene 
TP R 

Du P o n t  

Hercules 
B. F. Goodrich 

B. F. Goodrich 
Copolymer 
DuPont 
Uni royal 
Exxon 

Du Pont 

Du P o n t  
Denka 

, Gaodyear 
B. F. Goodrich 
Polys ar 
Copol p e r  
Uniroyal 

She1 1 Chemical 

Du P o n t  

Many 
Many 

Borden 
General Tire 
B.F. Goodrich 
Firestone 
Pantasot e 
Stauffer 
Tenneco 
Union Carbide 

Monsanto 
Un i royal 

Many 

a Generic name 
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3.4.2.4 Ins ta l l  ation 

After the raw materi a1 s are Droduced, comoounded: converted into roll-ooods 0 
and fabricated Wto panels, the ins ta l la t ion  i s  the f ina l  step i n  .compl'&ing 
the l i n e r  project .  The ins ta l la t ion  should be performed by an experienced 
l iner  i n s t a l l e r  or by a qualified specialty contractor whose experience i s  in 
i iner i n s t a i l a t ion ,  the associated earthwork, and pipin.g 3ns t a l l a t ion .  The 
ins ta l la t ion  i s  not complete unt i l  a l l  f i e ld  seams have beep inspected t o  the 
sa t i s fac t ion  of the end user or his representative.  ' Air lancing and u l t ra -  
sonic methods have been used i n  the f i e ld  t o  make 100% inspection of seams. 

3.4.2.5. Engineering and Design Services 

Another important segment of the l iner  industry i s  the  engineering and design 
services tha t  are furnished by various engineering and consulting firms. Such 
services can '  supply the designs of disposal s i t e s  and par t ic ipate  i n  the  
selection of the l ine r  systems t o  be used. They also can, supply qual i ty  
control services during the ins ta l la t ion  of the l iners .  

3.4.2.6. Integration i n  the Liner Industry 

Some. companies perform two o r  more functions within the industry. For ex- 
ample, some manufacturers of sheeting will also fabr'icate. Some ins ta l le rs .  
fabr ica te ,  other i n s t a l l e r s  will: design and supply engineering services.  

3.4.3' Polymers Used i n  Liner Manufacture 

Polymers used in the manufacture of l ining materials are l i s t ed  in Table 3-6.  
They include rubbers and p las t ics  differ ing in polarity,  chemical res is tance,  
basic composition, e t c .  They can be c lass i f ied  in to  four types: 

0 

- Rubbers (elastomers) which are generally vu'lcanized. 
- Plas t ics  which are generally unvulcanized, such as PVC. 
- Plas t ics  which have a re la t ively '  h i g h  c rys t a l l i ne  content, such as the 

- Thermoplastic elastomers which do n o t  need, to  be vulcanized. 
poly01 ef i ns . 

Table 3-6 lists the various types of polymers tha t  ' a r e  used and indicates 
whether they are used in the vulcanized or nonvulcanized form and whether they 
are reinforced with fabr ic .  The polymeric materials most frequently used i n  
l iners  are polyvinyl chloride ( P V C ) ,  chlorosulfopated polyethylene (CSPE), 
ch lo r ina t ed  polyethy1en.e ( C P E ) ,  bu ty l  rubber ,  e thy lene .  propylene rubber 
(EPDM), neoprene, high-density polyethylene (HOPE), and low-density poly- 
ethylene (LDPE). The thickness of polymeric membrane for  l iners range from 20 
t o  ,120 mils, w i t h  most in the 20-60 mil range. 

Most of t he  l i n i n g  mater . ia ls  a r e  based on ind iv idua l  pol'ymers; however, 
p las t ics  and rubber technology has been. developing blends or  rubber-plastic 
a l l o y s  f o r  improved p r o p e r t i e s .  Consequently, i t  i s  d i f f i c u l t  t o  make 
generic c lass i f ica t ions  based on individual polymers o f  the l i n e r s  t h o u g h  one 
polymer may predominate in the compound. Blending of polymers introduces the 
long range poss ib i l i ty  of performance specifications be ing  needed. However, 

.! i 

I 

58 



Table 3-6 POLYMERIC MATERIALS USED IN LINERS 
Use in l i n e r s  Fabric 

Thermo- reinforcement 

0 

Polymer p las t ic  Vulcanized With M/ 0 

BLltyl rubber 

Chori nated polyethylene 

Chlorosulfonated polyethylene. 

Elasticized polyolef i n  

Elasticized polyvinyl chloride 

Epichlorohydrin rubber 

Ethylene propylene rubber 

Neoprene (chloroprene rubber) 

N i t r i l e  rubber 

0 Polyethylene 

Polyvinyl chloride 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

--- 
--- 
Yes 

Yes 

Yes 

--- 
No 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

_- - 
Yes 

Yes 

l iner  performance in the f i e ld  cannot, a t  the present time, be defined by 
laboratory t e s t s .  

Most of the membrane l i ne r s  current ly  manufactured are based on unvulcanized 
or uncrosslinked polymeric compounds which are thus thermoplastic. Even if 
t h e  polymer i n  the vulcanized form i s  more chemically r e s i s t an t ,  such as CPE 
and CSPE, i t  i s  generally supplied unvulcanized because it is easier  t o  obtain 
r e l i ab le  seams and t o  make repairs  i n  the f i e l d .  Thermoplastic polymers can 
be heat sealed or can be seamed with solvent or bodied solvent ( a  solvent 
containing dissolved polymer t o  increase the viscosity and reduce the r a t e  of 
evaporation). Information on individual polymers and l i n e r s  i s  presented in 
subsequent subsections. Subjects covered on each polymer are: composition, 
general properties and charac te r i s t ics ,  general use, and spec i f ic  use i n  
1 iners.  

3.4.3.1 Butyl Rubber 

Liners o f  butyl rubber were among the f i r s t  synthetic l i ne r s  t o  be used f o r '  
potable water impoundment and have been i n  t h i s  type of service for  about 30 
years (Smith, 1980). 
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Butyl rubber i s  a copo'i,yner qf isobutylene 
oprene introduced t o . f u r n i s h  s i t e s  f o r  v 
249-59). . .  The important  p r o p e r t i e s  of b u t  
are: . .. 

a. 

c .  ' ozone and .weathering r.esist 

low gas and water vapor permeabilit 
. ' .b.' thermaVstabi l i ty  . . 

. .  

-:- :d. chemical and. moisture 
'. :". . e. resi.stance ' to  .animal and v 

: It i s  ,generally . .  compounded with : f i l ?e  
sulfur.. Butyl .vulc'anizates. are hi,ghly 
petroleum , o i l s ,  .bu t  are  only s l i g h t l y  
other polar l i q u i d s .  Butyl a lso,  h a s  a h igh  
.After 13 weeks'of imers.ion i n .  70% .sul 
l i t t l e  loss i n  tensil 'e  strength 'or elongatio 
Butyl rubber. has a high tolerance for  extremes 
f l e x i b i l i t y  throughout i t s  service l i f e .  - I t .  
desirabre  elongation qual i t ies .  , , 

Butyl rubber l i ne r s  are manufactu'red i. 
versions. They are d i f f i c u l t  to  seam and t o  
room temperature vulcanizing adhesives (Kumar 

. .  

. ,  ..,.. .' .. .. . .. : . .  . .  

3.4.3.2 Chlorinated Polyethylene ' 

Chlorinated polyethylene ( C P E )  i s  pro 
chlorine and high-density polyethylene. 
25-45% c h l o r i n e  and 0-25% c r y s t a l l i n i t y .  
thermoplastic and cross1 inked compositions. 

' . S i n c e  CPE i s  a camp?etely s a t u r  
susceptible t o  ozane attack and 
' t ens i l e  and elongation strength.  C 
resis tance t o  deterioration 'by man. 
they  contain.  l i t t l e  or no p l a s t i c  
growth o f  mold, mildew, f u n g u s ,  and b 
formulated t o  withstand intermittent contact 
oils., CPE will swel l .  in .the presence of 
hydrocarbons and o i l s  b u t  regains some 
from t h a t  environment. Continuous 
s e r v i c e . l i f e  of the l iner .  In most 
containment of aromatic 1i.quids (Daw, 1977). 

C P E  can be compounded with other polymers, m' 
far a broad spectrum of l i ne r s .  CPE.can be 
synthetic rubbers. Nevertheless, 



. .  . .  
. .  . .  

l i n e r s  is CPE res in .  
. .  ance and softness of ethylene polymers and . to  improve t h e  c&Td cr 
!' " ance of f l ex ib l e  polyvinyl' chloride. CPE membranes are  ayzil:&.l;e ~YI va 

thicknesses in .unreinforced o r  fabr ic  reinforced versions [Bureau. of Reclama- 
t ion ,  1.963, ' p .  2 3 ) .  Membranes of CPE -are  generally unvulcanized 'and. thus  can ~. ,' , .  . 

i ,. be seamed by tiodied-solvent. adhesives, solvent welding, . o r ,  d?: 
2. 6 .seal.ing (Stewart, 1978)'. . ' 

CPE. i s  widely used t o  improve the  'stress crack---resis t -  . .  . '::' : 

I . -  

3 ;4.3.3 C hlorosul foflated Pol yethyl en 
" .Chloros.ulfonated: polyethylene i s  a .fain?ly 'of polfiers pr.epared by 
' . p.olyethy1ene i n  . solut ion w i t h  .chlorine and w i t h  su7f.ur.: aio'kide. ' . .Pcesently 

available polymers contain from 25-43% chlor ine and from..'.1..D-.Ti4%. .sulfur. 
They can be ' used..' i n  both thermoplastic (uncrosslinked) :.'%d: i e r  .wlcanized  
(cr.osslinked) compositidns. Uncured CSPE i s  more therriro@f:ast.fc tham'other 

' softens more rapidly as  temperatures .are increased (Mortan; I9?3.,! pp.-. 3 3 7 . 4 ) .  

Chlorosulfonated polyethylene' (CSPE)  i s  characterized . by "ozone: p s i s t a n c e ,  
l igh t  . s t ab i l i t y ,  heat res is tance,  good weatherability, .and r e s k t a n c e  t o  . ' 

deter iorat ion by corrosive chemicals, e.g. acid and alkaT'ies.. . I t  has good, ' .  
resis tance t o  growth of mold ,  mildew, f u n g u s ,  -and bacteria. .  Mernb.ranes. of th,is , 
material are  avai lable  i n  both vulcanized and thermoplastjc furms, b u t  p r i -  
marily i n  the ' l a t te r .  Usually, they are reinforced wi th  a .po ' l p s t e r  o.r nylon 
scrim and generally contain a t  l e a s t  45% of  CSPE polyner. .The fabrifc re in-  

-. ... forcement gives needed t ea r  strength t o  the sheeting f o r  use OR slopes,  and 1. reduces the d is tor t ion  resul t ing from shrinkage when placed on t h e  base and 
when.expo.sed t o  the heat of t h e  sun. 

CSPE can be seamed by heat sealing, die ' lectr ic  heat sealing,. sol'ven 
or by u s i n g .  "bodied" solvent -adhesive. 
o r  f a i l  a t  extremes of temperatures or from weathering.. Disadvantages of CSPE 
membranes are low t e n s i l e  strength, .a tendency to.  . s h r i n k  from 
s u n l i g h t  (Clark and Moyer, 1974, p .  Z O ) ,  and relative.1y. poo 
o i T s .  A l so ,  some CSPE t e n d s  t o  harden on a g i n g ,  due  ta. . .  ern- 

Membranes .of  CSPE are also avai'lable in colors o the r .  than.' black, Wit 
appreciable loss of  other desirable charac te r i s t ics  (Du Font, 19.19) - 

. . . I '  . . .  .~ . .  . . .  ,. . 

i commonly used elastomers. I t  i s  generally tougher a t  .room temperature,  b u t  - 
', 

Membranes of t h i s .  pofymer d 

moisture, ' u l t r av io l e t  radiat ion,  and heat t  . . .. 

3.4.3.4 Elasticized Folyolefins 

Elasticized polyolefin i s  a blend o f '  rubbery and: c rys t t i i l i ne  
T h i s  polymeric ma te r i a l  was introduced i n  1975 .as  a black. unvulcanized,  
thermoplastic l i ne r ,  which readi ly  and eas i ly  heat sealed. . 'with 
designed heat welder in the f i e ld  or a t  the factory.. It h.as 'a 
(0.92) and i s  highly r e s i s t an t  t o  weathering, a lka l i s ,  and acids. (Haxo 
blhite, 1 9 7 7 ) .  T h i s  membrane i s  u n s u p p o r t e d  and. is rnanu,factured by blow 
extrusion and supplied i n  sheets 20 mil thick., 20' f ee t  wide, and up t o  200 
f e e t  long ( D u  Pont ,  1979) whl;ch a r e  shipped t o  si.te f o r  assembly  i n  t h e  
f i e l d .  
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Some d i f f i c u l t i e s  .have. been encountered w i t h  elasticfzec3 polymTefin in. POW.: ': . . ' . . :,.:. .. ' . ,  ' 
8 . temperature and high w i n d s ,  i n  o i l y  environments,, and Tn adhesiM.'-to' strut- .' . ' . .. '2. 

. . .I ': . .i .. . 3 '  ,, , ~ 

. ,  I : " .  
1 %  . .. . . .  I... ' . .  , . , .  . ,  
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. '  
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tu res .  

. .  
, .  . . 

. . .  . ~.. . .. 
3.4.3.5 Epichlorohydrin Rubbers ( C o ' a n d .  ECO) ' . 

~ ~. '.?. . .  

Included i n  this  c lass i f ica t ion  are  two epich1orohydri.n-bdred eTa.st0met-s whi& 
are saturated,  high molecular ,'weight, a l iphat ic  polyetheir  with 
s ide .chains. The two types.  include a homopolymer and .a  cge'Tymer 
ohydrin and ethylene oxide. 
reagents t ha t  react difunctional l y  with the chl.oromethy1: group, i n c h  
diamines, urea, thioureas, 2-mercaptoimidazol ine,. and ,BrrPn(mium. salts.. .\., ': :: 

Epichlorohydrin el astomer v ul,c ani zat  e s  exhibi t  t h e  ' 

These materials are v.ul.can.ired w i t h , a . v a  

i , '  3 .  , . . .  . .~ . ,  : ,  

, . .  ... .~ 

a. .:resistance t o  hydrocarbon ' so l  vents, fue l s  
b. ozone and weathering resis tance.  
c .  l o w  r a t e  .of gadvapor permeability. . 
d .  thermal. s t a b i l i t y .  

t 

. .  . 
. .  . .  . . _  , ., 

. . .  . i 
. .  . e. good t e n s i l e  and tear  strength.  . .  

Epichlorohydr.in rubber has a h i g h  tolerance f o r  tempersture extremes and 
re ta ins  its '  f l e x i b i l i t y  a t  extreme temperatures thro.ugho.u.2 i t s  servic:e- i f f e ,  
The homopolymer has a performance range .of 0 to  325°F. The copa?ymer.showi 
improved low -temperature f lexibi1, i ty  and i s  recommended. f o r  service from. 
t o  300°F. 

adhesives. 

. 1  *. .. 
. .  . . '  
a .  . .  

. *  t7 Epichlorohydrin elastomers can be seamed w i t h  room temperature -vulcanizing .. . .. 
. .  . .  . .  
..* 
1 

.> 

. .  . .  
. .  , ' . 3.4.3.6 Ethylene Propylene Rubber (EPDM). c 

Ethylene propylene rubbers are a family of terpo1ymer.s of ethylene,  propylene,. .: 
and a minor amount of nonconjugated diene hydrocarbon-.. The. diene:suppl ies .  
doubl'e bonds t o  the  saturated polymer chain t o  be. chemicalry ac t ive  sites f o r  
vulcanization, usually w i t h  ,sulfur.  Tbese rubb.ers vary' i n  ethylene.:propylene 
r a t i o ,  i n  t he  type and amourrt of t h e  th i rd  monomer,  and^ i y  rnolecuTar weight.-: 
Although EPDM l i ne r s  are. generally based o n .  vulcanized, ,compounds,. thermo- 
p las t ic  EPDM . l iners are also available.  Both versions a i e  manufactured ,.ai. 
fabr ic  reinforced and unsupported, sheeting. 

Liners based on vulcanized EPDM compounds have excel lent  res is tanct l  t o  weather ... 
and u l t rav io le t  exposure .and, when' compounded properly, . r e s i s t  abrasion and 
t e a r .  Because of i t s . e x c e l l e n t  ozone r e s i s t a n c e ,  m i n a r  amaunts o f  EPDM 
are s'ometimes added t o  butyl t o  improve the weather r e s i . s t q c e  o f  t h e  l .atZer- .. ' , . 
EPDM l i ne r s  . tolerate  extremes of temperature, and maintain t h e i r  f1exiblTi;ty 
a t  l o w  temperatures. They are r e s i s t an t  t o  d i -h t e  concerstrations (10% by 
weight) of acids, a lka l i s ,  s i l i c a t e s ,  phosphates, and br ine ,  but a r e  not. 
recommended for petroleum solvents (hydrocarbons) o r  for  aromatic o r  hala-  
genated solvents .  

. ' 

I -  :. 2 

---- -*  
.1 . _. 
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Vu1cani.zed EPDM membranes require the use of ,special  'cements: and ca re fu l  . ' . " ' . 

Thermop1asti.c EPDM l ' iners a re  seamed by thermal methods.. 

: 

.. . ". 
l i ca t ion  t o  assure -sat isfactory f i e ld  seaming. 
n should be t e s t e d  i n  t h e  use environment t o  a s s u r e  . s e r v i c e a b ~ l i t y . ' "  

The proposed sfam construc-, .;. , 

. ,  .. . . .  . .  
. .  ._ 

' 

cw 
. .  , .  

. .  3.4..3.7 Neoprene 
. , . .  '2 ' f 

Neoprene' i s  the generic name o f  synthetic rubbers based' upon ehioropkene, ' 

These.'rubbers are  vulcanizable, usually w i t h  metal oxides, b u t  also , w i t h  
sulfur .  ' They closely paral le l  natural rubber i n  mechanical .properties,  e,g; 
f l e x i b i l i t y  and strength.  However, neoprene i s  superior t o  natural rubber in ,&..::: :' 
i ts  resis tance t o  . o i l s ,  .weathering, 'ozone, and u l t r av io l e t  -radiation. 
prene i s  r e s i s t a n t  t o  puncture, 'abrasion, and mechanical damage. ' Neoprene.. . ' . '  i . :  
membranes have been used primarily f o r , t h e  containment of wastewater,'and other  ,. 
l i q u i d s  con ta in ing  t r a c e s  of hydrocarbons.  They a1 so g i v e  sat i . -sfactoyy 
service w i t h  cer ta in  combinations of o i l s  and acids for  which other materials;  
do n o t  provide long-term performance (Kumar and Jedl.icka, 1973; 'Lee, 1914). 

adhesives must.be used f o r  seaming. 

:Neo-:c: ','.;..<,,; .".,, 

~ .I .. . :: 

: Neoprene sheeting for l iners '  i s  vulcanized, t h u s  vulcanizjng. cements' - . .  

3.4.3.8 Polyethylene 

t i o n .  Po lye thylenes ,  f o r  t h  
p l  as t ic i  zer s and f i 1 1 er.s . 
B o t h  types  o f  po lye thylene  h 
density polyethylene, have been 
1969) in l ining canals and p 
heav,y sheeting has be,en i n t  
available i n  th in  sheeting t e  
Also, i t  i s  punctured eas i ly  
the l ining; however, i t  has 
membrane Tining. Linings of 
duced are available i n  thick 
has been deve~loped f o r  maki 
T h i s  type o f  liner i s  very 
described. 

3.4.3.9 Po'l yv i  nyl Chloride 

Polyvinyl' chloride i s  
vinyl chloride monomer 
is compounded w i t h  pla 
physical properties.  
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pVC l i ne r s  are  produced i n  ro.ll form i n  various widt  
l i n e r s  are used as unsupported sheeting, b u t  fabr ic  reinforcement. . can .  be- .  ', 
incorporated. PVC compounds'contain 25% t o  35% of one..or.more p l a s t i c i z e r s  t o  ' ' ,  

make the sheeting f lex ib le  and rubber-like. 
chemical s t a b i l i z e r  and vari0u.s amounts of other addi t ives . ,  ,The PVC compound 
should not contain any .water soluble ingredients.: . There: i s - -  a .wide chaic 
of p l a s t i c i ze r s  t h a t  can be used in PVC sheeting,. depending upon t h e  appl ica  
t i o n  an,d serv i ,ce  condi t ion 's  under 'which t h e  . P V C  compuund w i l l  b e  used.  
P las t ic izer  loss d u r i n g  service i ,s  a .source of PVC .degradat.ion.. ::There :,ar 
; th ree  basic mechanisms :for, p las t ic izer  loss : voja t i f iza t ion ,  .extcact-ion;.-?an 
microbio1,ogical attack. . The' use of the proper .pl.as.ticizers and. .an ;effect.i,ve 
-biocide can v i r tua l ly  eliminate microbiological a t tack and minimize :vola t i . l i ty  
and' extract ion.  The PVC polymer, i t s e l f ,  i s  n o t  .affected b y  these-condi t ions  
I t  is 'affected,  however, by .u l t rav io le t  exposure. 

The principal reason for  loss of p las t ic izer  .is by .vo la t i l i za t ion  i n .  
of the sun ra ther  than solution i n  the waste f1ui.d.. Carbon black prev 
u l t r av io l e t  attack b u t  does cause t h e  absorption o f  so la r  en.ergy r a i s ing  t h e  
'temperature t o  a h i g h  level t o  cause vaporization of p las t ic izer . .  A,. so i  
other su i tab le  cover material used . t o  b u r y  the l ine r  pro tec ts  it from ul.travi- 
o l e t  exposure and reduces the r a t e  of p las t ic izer  loss. P.VC shee t ing  is not  
recommended .for. exposure t o  weathering and ultrav,iolet  l ight ' .condi t ions du 
i t s  service l i fe .  

P l a s t i c i z e d  PVC shee t ing  has good t e n s i l e ,  elonga 
abrasion resis tance properties.  It is readi ly  sea 

PVC membranes are the most widely used of a l l  polymeric memb 
impoundments. They show good chemical res is tance t o  many inorganic-  chemkals  . '  ' . 
(Chan et. a l .  1978, p.  .19); however, they are  attacked by many organic chem- 2' 
i ca l s ,  partic 'ularly hydrocarbons, solvents, ana o i l s . .  Special comp.ounds o f  . ;.: 
PVC are  available,  designated as Oil-Resistant PVC (PVCOR), t ha t .  poss 
h i g h  res is tance t o  o i l  at tack. These, "o i l - res i s tan t"  grades of 
be made w i t h  "specialty" p las t ic izers ;  the PVC polymer : i s  ' inherentTy res.f 
t o  the e f f ec t s  of o i l s .  

Polymers such as n i t r i l e  rubber, 'CPE and E;A may be 'used to,  
p1asticizer.s so tha t  the PVC l iner  is  not affected by the waste fxuid.  

They also c o n k i n  1% to  5% o f  .a  ' .  

adhesives, and heat and d i e l ec t r i c  methods. * , . > . .  , . 

. ...,;, , ,  

3.4.3.10 Thermopl a s t  i c E l  astomers (TPE) 
" .  ~. . ... . ,  . I '  ' <;. . , AI . . .  .. .'' . . , ,  . ,.. 

j I- ... . - l  : ,:?:. , ' .. . .._ ' . .... : 
. .  . . .  i . : . -  . .  

Thermoplastic elastomers are a r e l a t ive ly  new c1as.s o f ,  rubbepy,  materials. 
(Walker, 1979). They include a wide var ie ty  of po1ymeri.c compositiork from .; 
highly polar materials,  such as the polyester el.astomers, . to the .  nonpolar . . 

materials,  such as ethylene-propylene block poTymers. These pa1,ymers are- :: 
thermoplastic and nonvulcanized. 'They are  proces.sed and fhaped a t  re1 atively 
h i g h  temperatures a t  which they are p las t ic ;  when they a r e  cooled t o .  no<ma% . 
ambient temperatures, they behave l i ke  vulcanized rubber.s:. . Products made o f .  .,: 
these polymers have a limited upper temperature serv<ce range, w h i c h ,  Itowever, 
i s  subs tan t ia l ly  above the temperatures encoudxred i n  waste dispo.sa1 sites.- 

.. 
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-0: par t icular  potential  i n t e re s t  for  use' i n  l i ne r s  are  t h e  po1;yolefin '%herma- 
p las t ic  elastomers such as thermoplastic EPDbl, which. are probably related to: 
the elast ic ized oolvolefins. and n i t r i l e  rubber/?VC blends f o r  oi l .  r e s i s t a n t  : .  

1 "  

liners. Such l i ne r  material; are now under development and test. 

biitrile/PVC thermop1.astic elastomer blends have excellent oi l ; fue . l ,  -ana 
resistance with high t e n s i l e  strength and excellent res is tance t o  ozon 
weathering. Blends tend t o  s t i f f en  a t  low temperatures b u t  -remain se 
ab'l e.. 

i s  with ' l i n e r s  of o t h e r  t he rmop las t i c  po'lymers., 1 ine r s "o f  ther;op 
elastomers can be heat sealed t o '  make seams and 'should be easy' t o  , repa  

.tested. . ' 

. . . ...A .. . 
. .  . .  

, however, t h e i r  durabil ' i ty .in various chemical environments , r  
. ._ . .  

. .  
3.4.4 Membrane Manufacture 

The two b a s i c  methods used i n  , t h e  magufacture o f  polymeric sh'eet.i 
calendering and extrusion. Calendering i s  used i n  forming both unsu  
and fabric  reinforced sheeting, .whereas extrusion i s  only used. i n  
unsupported sheeting. 

Calendering i s  t h e  more common method of forming t h e  shee t ing .  In t h i s  
' process, heated rubber or e l a s t i c  ,compounds are  passed ,between the 
r o l l s  of a ca lender . to  form a sheet of predetermined thicknes 
usually consis ts  of'  three t o  four r o l l s ,  as shown i n  Figure..3-5 
ment f o r  ' p r epa r ing  a s i n g l e - p l y  5heetin.g on  a 3 - r o l l  ca lender  'is.. shown 
i n  Figure .3-6. Unsupported she.eting 5s usually a single-ply constr 
however, some manufacturers have resorted t o  multiple plying of unsupported 
l iners  t o  eliminate the formation of pinholes t h r o u g h  t h e  shee 
t u r i n g  shee t ing  i n  t h i s  manner, t h e  p r o b a b i l i t y  ~ o i  a p i n h  
coinciding w i t h  a pinhole in another i s  remote. 

Some manufacturers s e t  u p  special s t ra ining .operations to clean o u t  
t h a t  may be i n  t h e  compound. T h i s  ope ra t ion  immedia.te?y,prec 
calendering. 
t o  yield a clean compound for  the calender. 

Reinforcing fabr ic  can be placed between the p l i e s  o f  the  po'lymeric compo&d-.:. i 
t o  produce a supported l i ne r .  In  this case, su f f i c i en t  material 
?laced on b o t h  s ides  of the fabric in order t h a t  pinholes are  not 
between the fabr ic  and the outside of the sheeting. .Also, there.  
suf f ic ien t  compound present t o  s t r i k e  through the  open weave of the fahric'amd .' 

achieve d i rec t  contact of the rubber on both .  s ides of  the fabr ic .  Fabric. . ; 
.reinforcement i s  usualTy achieved through the use of open fabr ics  or  
nylon, polyester, polypropylene, or glass  f ibe r .  The .thread count o 
.inch usually range from 6 x 6 t o  10 x 10 per inch, b u t  some have r 
20. Figure 3-7 shows several types, of scrim. A coating .is appl 
finished scrim after'weaving in order t o  tack t h e  yarns in place. .s 
f in i shed  scrim c o n s t r u c t i o n  pattern w i l l  not l o s e  i t s  shape.. 
coating formulations are  used, depending on the end use. Scrims or 
be used w i t h  vulcanized elastomeric l ining materials a r e  usually. t 

In th i s  s tep,  g r i t  and other coarse par t ic les  

. .. 
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h?anufaRum F. 30 mils 10.76 mm), 8-5602. Phoro 
P222065685 

hbnufrnurcr G. 30 mils (0.76 mm), B-5540.Pha:o 
P X - D e ?  

Msnufacturer H. 30 mils (0.76 mm), B65SO.PhoIo 
PX-D.6ZE?8 

e 
Figure 3-7. Nylon-reinforced, butyl'  l in ing samples showing d i f fe ren t  we.aves 

and weights o f  nylon used by four  manufacturers ( 6 x  magnif-ic 
t i o n ) .  From Hickey, 1971. 
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an adhesive coating 'which chemically reacts  w i t h  the membrane materi 

The extrusion technique i s  used primarily with polyolefigs, such a s  polyethy- 

thick sheets are extruded d i rec t ly .  

a t h e  curi,ng cycle t o  produce adhesion t o  t h e  polymer compoundl.. 
.~ 

L lene, and w i t h  e las t ic ized  polyolefin. .For thinner .films, a tube. of 
$ ?. , produced and s l i t  t o  fcrm a .  sheet: For .the thicker g,au 
c 
$1 
i I!. 3.,5 5prayed-on L i n i n g s  

. 

. .  ' .3.5.1 .Introduction . .  . 
. .  

Liners for  'disposal impoundments can potent ia l ly  be formed'in the field 
spraying onto a prepared surface a 1-iquid which t h e n  .solidifies- t o  form 
continuous membrane. Such l-iners have been used -in water cq.ntrol 
poundiflent, e.g. for  canals, small reservoirs,  and ponds-. Most a? the .exper-  
jence with this type o f  l i n e r  has been . w i t h  a i r  b.lown asph 
variety o f  new materials are  becoming available which have been u 

.:&. water control i n s t a l l a t ions .  Sprayed-on 1 iners are  semi-free, hu 
3, them pinhole-fr.ee i n  the f i e l d  poses serious d i f f i cu l t i e s .  Furtherm 
~Tz; of the spray-on materials tha t  have been considered a re  thermoplastic 'and a r e  

of low molecular w e i g h t ,  e.9,. asphalt, and may interact .adverseSy w i t h  many 
wastes. Some of the new materials t h a t  are be ing  introduced a r e  of high . ,' 

->-- 2% .molecular weight or contain polymeric additives which improve their dura- 
T. 

'%s' I n  th,is, section, the following materials are discussed.; airblown 

b i l i t y .  - ;-G 

* 

emulsified asphalt ,  urethane modified asphalt, and r u b b e r  and plast i .cs ,  
e i ther  liquid or la tex form. 

3.5.2 Air-blown Asphalt 

Membranes of catalytically-blown asphalt are the most 'cornmooly.used sprayed-on 
linings. The asphalts used i n  making these membrane l i n ings  have hiqh soften- 
i n g  points and are  manufactured by b lowing  ,air  through t h e  molten asphalt at 
temperatures in .excess of 500°F in the presence o f  a ca ta lys t  such a s  phos- . , 

phorous pentoxide or f e r r i c  chloride. To prepare the membrane, . the ,asphal t  i s  
sprayed on a prepared so i l  surface a t  a temperature of 400"F, a t  a pressure o f .  ~ 

50 psi through a slot-type nozzle, and a t  a r a t e  of 1.5 gal yd-2 (Bureau of 
Reclamation, 1963, p .  80).  The finished l i n e r  i s  usually 0.25 i n c h  . t h i ck '  
(Bureau of Reclamation, 1963, p.  79), formed by two or .more passes  of t he  
spray device .and overlapping sections by one or  two feet. (Clark and Moyer, 
1974). I t  can be placed d u r i n g  .cold or, wet weather, i n  'Large quan t i t i e s ,  by 
mobile equi.pment (Bureau of Reclamation; 1963, p .  IO). Sprayed-on membranes . . 
retain their  t o u g h  f l ex ib l e  qua l i t i es  indefini te ly  when properly covered and 
Protected from mechanical damage ( A s p h a l t  I n s t i t u t e , .  1976).  
Placing of the ear th  covers on a sprayed-on membrane, may cause some. 
i t s  integrity.  

Studies have shown the addition of 3-5% rubber improves the. proper t ies  of the 
asphalt by inducing greater resist,ance t o  flow,. increased. e t a s t i c i t y  and 
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toughness, decreased b r i t t 1  eness a t  low temperatures,, ,and grea te r ; res i  stan 

Bi tuminous  sea ls  are used on asphalt concrete, portland. cement 
asphalt ,  or  soil cement l i n i n g s  t o  c lose '  pores, t h u s .  ,improvin 
or  when there  may be a reaction between the stored l.iq.uidl ' .  and t 

. ... 
. .  . .  . ... t o  aging (Chan e t  a l . ,  1978, p. 17) .  ..' 

. .  
. .  

two types of sea ls  usually applied are: 
. ,  . 

; a.  . An asphalt cement sprayed over , t h e  sur face tabout  on 
t o  form a membrane about 0.04 ' in .  thick. .~ , - .:*: ~ 

.. , ' :. . b.  An asphalt mastic .contai'ning 25 - 50%' a s p h d t .  Cement,.the.,, re 
.being a mineral f i l l e r ,  squeegeed on a t  5 ,- .EO.Zb yd-2. 

1nstall .at ion of .sprayed-on asphaltic membranes is usualT$ 'done on .a . subgrade  ' 
which has been dragged and rol led t o  obtain a. smooth surF,ace. 
excessive number of i r regular  rocks and angular. pieces, a fSne san 
"padding" i s  necessary for  good membrane support [Burealr of Re 

A special deep penetration formula of l i q u i d  cutback a spha l t  was: applfed o.wr ' 

natural-on-site so i l  a t  a r a t e  of two gal yd-2. The seepage r a t e ,  i n  t h &  . 
c a s e ,  was reduced from 15.9 t o  6.14 f t 3  f t - 2  yr-L (,Day, 1 9 7 0 , . p .  20). 
Another formulation of cat ionic  asphalt; incorporating, w h i t e  g,asaPine and 
water, penetrated 3/16. t o  3/8 inch. i n to  the s o i l .  This. proved to .  be i.nad,e- 
quate for complete sealing (Bureau of Reclamation, 1963,. p.. 1.15): A spec ia l  : .. 

ca t ion ic  asphalt emulsion forms a highly impermeable s e a l  a t  t h e  s6iT inter- 
face  t.hrough the a t t rac t ion  o f  the posit ively charged asphal t  d rople t s  t o  t h e  
negatively charged so i l  par t ic les  as. the emulsion penetrates the subs t r a t e .  ' 
As l i t t l e  as 1 5  f lu id  oz f t -2  r e su l t s  i n  almost zero s.eepage.. . This .product 
has been used mainly i n  reservoirs  and ponds (Wren, 1972). .. 

Field data on a h o t  asphalt membrane l ining in a canal- l a t e r a l ,  was obtained . ~ 

a f t e r  11 years of service.  The seepage rate. a t  t h i s  time was. O.O&. f$/ft2/ 
day. The seepage r a t e  p r i o r  t o  placement of t h e .  l i n e r  was 9.9 R3,/:t2/ , ;. 

day. Ninety percent of the aging occurred d u r i n g  the f i r s t  four ' y r a r s  ,of .. 

membrane service.  A poor correlation was found between t h e  ,L&day laboratory 
aging t e s t  a t  (60°C) and actual f i e l d  a g i n g ;  Geier (,1964, p-  3) concl~uded 
t h a t ,  i f  proper'ly applied and covered, a buried, h o t  appT.-ied a spha l t  membrane . .  ~ 

Styron and Fry (1977) used an AC-40 grade asphalt. cement. ,as a l i n i n g  mater ia l  
i n  t e s t s  w i t h  two f lue  gas desulfurization (FGOJ sludges. 
sand was compacted t o  six inches depth and cured a t  78°F and 50% humidity f o r  . 

,two t o  three days. The asphalt l i ne r  was then sprayed on the base a t  a rate . ' .  -. 

. . , .  
' !  '. . .  : 

. .  . 
. ,, 

. .  . : : . , 
. .  . 

. *  

. f  

.. . 

. 
'' If th.ere is an 

1963, p. 81) .  Covering protects the membrane from mos,t mechanical. damage, j. . .  +, 
.'X$ 

. ~ 3 

. 
3 

canal V i n i n g  should l a s t  beyond 12 years. . ,  

'.. 

A base .o f  siity . -..:: 
I.,.:. 

o f  0.75 g a l  yd-2. After one year, under a pressure hzad of five f e e t  of . I. . 
water, no l i q u i d  had passed t h r o u g h  the liner..  Speciifications for AC-40 . ,  .:;:! + .  

require a viscosity of 4000+800 poises a t  140°F (60°C) and a m i n i m u m  penettra- 
, t i  ,. 

t i o n  of 20. This asphalt r equ i r e s  temperatures of 300 - 400°F f o r  spraying . .  '*' r. (Klym and Oodd, 1 9 7 4 ) .  

. . .\ 

., .- . .. " .  
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Except for  res is tance t o  hydrocarbon solvents, o i l s , '  and fats, t ,a resis tance . of asphal t ic  l i ne r s  is, i n  general, good.  Asphaltic m 
r e s i s t an t  t o  methyl and .ethyl alcohols, glycols., mineral .acids 
nitric acid ( a t  moderate temperatures and concentrations), m i  
a l k a l i s  t o  about 30% concen. t ra t ion,  and c o r r o s ~ i v e  gases  suc ' S02. Asphaltic l i ne r s  exhibit  variable t o  poor. performaice wh 
hydrogen halide vapors, b u t  are essent ia l ly  impermeable'.to water (Anonymous,.: ..;.- . . 

1966).  Preparing pinhole-free membranes on large 
.niques, par t icu lar ly  when h o t  materials must be rpr 
problems which a r e  discussed i n  Section 5.5. . . 

. .  

3.5.3 Memb.ranes 0-F Emulsified Aspha?t'" 

Emulsions' o f . ' a sphal t  i n  .water can be sprayed a t  ambient,,t  
f reezing) ,  to '  .form conti.nuous membranes of asphalt a f t e  
emulsion and evaporation of the' water. The membranes are 
lower softening points t h a n  membranes o f  h o t  applied 
asphalt .  Toughness and dimensional s t a b i l i t y  can be ac 
asphalt emulsions onto a s u p p o r t i n g  fabr ic .  Fabric 
nonwoven g l a s s  f i b e r ,  a n d  nonwoven s y n t h e t i c  f i  
various anionic o.r cat ionic  asphalt ,emulsions 
canals and as reinforcing patches under asphalt co 
"ref lect ion" of cracks -in .the old pavement beneath. 
f a b r i c  a r e  o f t e n  sewn with po r t ab le  sewing mac 

. .  
. .  ' . .. ' .  . 

Seams i n  the supporting ' . - ~ 

' placed (Ph i l l i p s  Petroleum, 1972).  

3.5.4. Urethane Modified Asphalt . -  

A urethane modified a spha l t  l i n e r  system i s  being mar 
e r a l l y  sp ray  a p p l i e d ,  b u t  may be squeegeed on 
premix is combined w i t h  t h e  a c t i v a t o r ,  and sp 
ga l lons  per  minute ,  covering about e i g h t  sq.ua 
f i n a l  membrane is g e n e r a l l y  recommended t o  ha 
usually obtained by applying one coat of 0.28 gal yd- 
faces or  two coats  on ver t ica l  surfaces. The second coat 
15 minutes a f te r  the f i r s t  coat.  The membrane must cur 
being put into service.  
duc t i l i t y ,  eliminating the need for  a' so i l  cover  in^ most cases.. The liner; 
system i s  limited t o  a maximum of  140°F continuous exposure and - is not recorn-:..:..:;' 
mended for  prolonged exposure t o  hydrocarbon or  organic 
be applied only t o  properly prepared surfaces.  The sur 
dry. Porous surfaces should be f i l led. .  Generally, a 
agent a r e  appl ied  p r i o r  t o  t h e  a p p l i c a t i o n  o f  the  
procedures for  several base surfaces and the necessary 
ed by the manufacturer (Chevron, ,1980). 

3.5.5 Rubber and Plast ic  Latexes 

Rubber and resin 'latexes have also been studied as 
South Research Ins t i t u t e .  studied two synthetic latex 
experimental styrene polymer, which had -a 50% s o l i d  
concentration o f  wetting agents. The spray was ' a l l  

0 

This system has good UV s t ab i l i t y -and  l ow temperature':.; 
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s o i l  and dry. The resu l t  was a f a i r l y  r e s i l i e n t  f i lm with goud s o i l ' s e a l i n g  ; 

capabi l i t i es .  The second la tex was an off-grade polyv.iny7idene chJoride; It ' ' :  

also had a 50% solids content and was used as a vapor b a r r i e r  on a i r  strips. . . 

I t  formed a fi lm on the so i l  surface .and was reported t o  provide a. good, seal . .  
. .  ' 

. .  . .  a t  h i g h  pressures (Wren, 1972, pp. 30-40). . .  

. ,  .3.6 Soil Sealants 
. .: 

The permeability o f  some soils can be significant, ly r e d u c e d 3 2  application ~.~ 

of. various chemicals or  latexes.. They may b e  vraterborne.. mixed. in:: place, 
spray '  applied, , o r  .injected below the so i l  surface '(.Bur&@ o f  :Reclqation,: , .  
1973,  , p .  1 3 ) .  .Water borne or. spray-on polymer so ' i f  :.seala@ts .can -reduce.-: 
permeability of earth lined .impoundments. ' However, t he  .s~aal inq .effect  i s .  .:. 
confined t o  t he  upper few 'centimeters and can be .s igni : f icant ly  diminished by i,,. 

t h e  effects  of wet-dry and/or freeze thaw cyc1e.s. .Types of asea'lants include ..'' 

resinous polymer-diesel fuel mixtures, '  petroleum based. emulsions, powdered . . . ' \  

polymers which form gels,  and monovalent cat ionic  s a l t s ' ( @ u r e a u  o f -  Reclama- ' ,; 
t i o n ,  1963, p .  115). See Table 3-7 for  a l i s t  of representa t ive  s o i l  seal-  . . .  

' 

ants.  
. .  Soil sealants  u t i l i z ing  monovalent' cations,  mainly sodj.um salts, chemically 

reduce the  e f fec t ive  porosity of the so i l  for flow by repJacing the .mul t i -  . '  

s o i l  par t ic les  more 'easily dispersed (Morrison, 1965, p. 1). Sodium carbonate 
applied a t  a r a t e  of two lb  yd-2 provided a seepage reduction of greater ~ 

than 90% i.n Bureau of Reclamation t e s t s .  The seepage reduction was s t i l l  80% .. 

s i l i c a t e  are also potential so i l  sealants.  Soil treated'  w i t h  sodium s i l i c a t e  : ,  

and su l fur ic  acid prior t o  compaction showed a sfgnif icant  .seepage reduction . . .  ~' 

valent cations i n  t he  c lay  s t ructure .  This exchange renders t h e  clustered . . .  . .  

a f t e r  removal of the t o p  six inches of s o i l .  Sodium pyrophosphate and sodium . . .. . 

and i s  compatible with su l fur ic  acid bearing wastes (Clark and Moyer, 1974, .. . 
p. 13).  

Some powdered po1,ymers can form gelatinous masses whjch. t e n d  ta , f i l l  the 1 
so i l  voids, , t h u s  effecting a surface sea l .  Some ear1.y studies.  rhowed tha t  .: 
t h i s  surface seal i s  ea s i ly  damaged by a water spray, ind ica t ing  t h a t  durabil- " , " 
i t y  t e s t s  should be made when considering this type o f  1.i.ner ZMorrison, 1965, 
p. 2 ) .  A powdered mixture of carboxymethyl c e l l u b s e  and, alum (0.25 CMC f 
0.05% 'alum. by w t  of dry s o i l )  was mixed w i t h  t h e  soil.  and..compacted t o  a 
six-inch thickness in one project .  The seepage was reduced,anl .y .s l ight ly  from 
16 t o  14 f t 3  f t m 2  yr-1 (Day., 1970, p .  21) .  S o i l  s ea l an t s  bas.ed on polymers 
a r e  g e n e r a l l y  mixtures  of swe l l ab le  l i n e a r  and c ro . s s l inked  polymers of 
approximately the same molecular weight. , The l inear  portion sorbs to  the 
s o i l ,  forming a f lex ib le  network. The crosslinked .polymer p a r t i c l e s  can 
flow, and thus can conform t o  and permeate the s o i l  pores. The formulation 
depends on the application. The' polymer i s  usually mixed.in s. low pH water/ , / 
acid solution and sprayed onto an unfilled s i te  as a low. Viscos i ty  slurry.  
The l o w  pH allows t h e  s l u r r y  t o  p e n e t r a t e  the s u r f a c e  and form a, deeper ' 
seal 

Polymeric so i l  sealants  may be applied as a dry blend which i s  mixed i n t o  the 
so i l  and compacted, sprayed on as a s lurry,  or dusted on as  a powder. Highway 
construction equipment may be used for dry blending. Gfater hauIing trucks 
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8 TABLE 3-7. REPRESENTATIVE SOIL SEALANTSa . ,  

. .  Sealant Appl i ca t  ion Remarks .: 

Farm ponds Requires approximately 19,00OL/4,047 m2 (5,000 
gal /acre)  dispersed i n  water. 

Cationic asphalt 

Oil soluble polymers 

Sodium tetraphosphate S u l f i t e  liquor storage 

emul sion 

Fresh water Injected bene.ath surface, o f  water where seepage was .. . .  

. .  
in diesel  fuel occurring. . .. 

, . .  

Dispersant dis t r ibuted i n  15.2&n (6-in.)  layer o f ' .  .. 

so i l  a t  2.3 kg/9  m2 ( 5  lb /100 , f t2) .  
compaction rendered so i l  impervious. 

Wet-dry cycles d i s r u p t  water bar r ie r .  
(0.4 l b )  of reagent/0.84 m2, (yd2) of s o i l .  , .  

Careful 

Used 183 g 
- 

Sodium carbonate Canals 

Desalination byproduct . .l% lignin: Cost $3,400/4,047 m2 (acre) .  . . 
u 
w Lignin derivatives 

gelled alum brine 

lose with alum .brine 

. .  

Carboxbethyl cel lu-  Desalination byproduct 0.2% CMC. Cost $2:250/4,047 h2 ( ac re ) .  . 
" .  . .  

4% addi t ive,  Cost $4,40014,047 m2 (acre) .  . ,  

brine ',I ' 1 . 

2% Zeogei. ~ , c o s t  $i,ooo/4,04? :m2 (acre,) .  Desal inatio'n byproduct . .  

Petroleum emul sions Desal ination byproduct . .  
, .  . -  

. .. . :  

. .  
. . , .  

, 3 '  

. . .  
I . < .  , 

. .  
Attapulgite clay 

1 

I Liquid elastomeric Fresh water . .  . ' -  'Patent disclQ,Ses several cQnip~Sft ions,  inc:!udin$-'. ' . _ I , .  ,: ' . . . .  :. polyurethane elastomers, . : .  ' .  ..> polymer 
. .  . .  

I . '  

, . .  . 
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equipped with centrifugal pumps, hoses, and adjusta 
successfully used t o  spray-apply polymer s l  u 
dispersing a powder may,be used for dusting with a 

.Dry blending forms ' the most effect ive seal and adds some s t ruc tura l  'stre 
t o  the impoundment.. Other factors  influen 

. , a r e  the degree of so i l  compaction .and the composit 
The l imitat ions of the polymer seals  are: the pol 
s t rength,  the s i t e  must be compacted; exposure t 

I valent cations :causes the polymers .to shrink, incr  
decreasing the effectiveness of the seal (Parks an 

Uniroyal (1972) conducted' a s tudy t o  t e s t  .the f e a  
soil sealant  t o  prevent seepage into subterranea 
e r a l ,  t he  .f ield tests confirmed laboratory findin 
permeability of the soi l  t o  water, b u t  the  1 
microbiological a t tack,  f r o s t ,  and vegetation. 

. .  . .  . 

3.7 Chemical Absorptive Liners 

The use of chemical absorptive Liners . i s  a new 
lining of waste disposal f a c i l i t i e s .  T h i s  typ 
by removing pollutants from the liquid waste 

. mass. Chan e t  a l .  (1978) tes ted several clays 
f l y  ash, bot tom ash, activated alumina, and a 
chemical 1i.ners f o r  calcium f luoride,  metal f in i sh in  
The t e s t s  were done under flow through condi 
sand when necessary t o  achieve the required, permea 
s t a n c e s  alone adequate ly  removed t h e  hazardous 
However, combinations of sorbents, in a pre 
f a c t o r i l y  remove contaminants. The type, sequ 
bents varies with pH and the nature o f  the waste t o  
some materials remove cer ta in  metals or organi 
The same sorbent, such as f l y  ash, may release 
ions .in another. Flow and nonflowing condit 
capaci t ies  o f  a material .  
necessary  under nonflow cond i t ions  w i t h  s p  
effectiveness of various.  sorbents i.n applied situati .ons (Cha 

' 

T h i s  concept sh 
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Typical of t he  r e su l t s  which have been obtained o 
are those shown i n  Fi.gures 4-3 t h r o u g h  4-5 regard 
t e n s i l e  strength retent ion,  and re la t ionship of re  
and l e a c h a t e  absorpt ion f o r  var ious  membrane ' l i n i n g  materia 
immersed i n  leachate for .8 and 19 months. . The 
months o f  imnersion i n  leachate upon the S-200 m 
shown i n  Table 4-10. . ' .  

In Figure-4-3 the specif ic  membranes a re  numbered 
the bars  show the range o f  absorption values ob ta  

- a given polymer type. For example, on.e neoprene . l i  
approximately 2% and another approximately 20%; 
become 3% and 32%, r e s p e c t i v e l y :  S imi la r  e f f  
values of'modulus and of t e n s i l e  str.ength (Figure 4-4). 

In F igure  4-5 t h e  r e t e n t i o n  of t e n s i l e  i s  p l o t t e  
absorption fo r  a l l  pairs of data points measured 
d a t a  show a general  downward t rend  of t e n s i l  
leachate absorption. Much of t he  loss  i n  t ens i  
t o  swelling per se and the reduced amount o f  r 
the t e n s i l e  t e s t  specimen. 

4.4.3 

-- 

Exposure of Membrane Liners t o  

The second contract  was concerned with the laborat 
r a n g e ' o f  l i n e r  m a t e r i a l s ,  inc luding  membranes, o 
o f  hazardous wastes.  O u r  bas ic  approach was t o  
various comercial  l i n i n g  materials under con 
service, .  using actua'l wastes, t o  measure seepage 
measure e f f e c t s  of exposure by f o l l o w i n g  chang 
properties of the respective l i n i n g  mater ia ls .  

In t h i s  study, various membrane l ining materials 
o f  exposure t e s t ing :  

- Bench screening t e s t s ;  small specimens ? m e r  
- Primary exposure cel ls ; .  one-side exposure 
- Weather t e s t ;  roof exposure. 
- Weather test ' ;  small tubs lined w i t h  membrane 

- Water absorption a t  room temperature and 70°C. 
- Membrane bags  containing 'wastes i n  deioni 

wastes. 

exposure. 
The above exposure conditions are discussed and 

I .  Primary exposure . t es t s .  
2.  Immersion t e s t s  of membranes. 
3 .  Pouch t e s t  of membranes. 
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ON IMMERSION IN LANDFILL LEBCHBTE . , 

., .. 

. 

1550 . . 1775 2070 

E l a s t i c i z e d  p o l y o l e f i n  

E t h y l e n e  propylene rubber 870 860' 126 124 . ' -. 

840 , 630 
905 . 900. ' : 107 
175 . 190 .: 

1035 1030 

37 1635 1630 , 1640 

1245 1350 

P o l y b u t y l e n e  98 3120 3160 3150 ' , 

P o l y e s t e r  e l s t o m e r  , 

1340 ,1285 

P o l y v i n y l  c h l o r i d e  
1570 1 6 4 0  ~. ' 80 
1545. 1645 

1720 . 1560 . 1570. 
1570 1780 

2400 -' 1300: 2105 
2370 ' 2330 - 

P o l y v i n y l  c h l o r i d e  + p i t c h c  

b F a b r i c  r e i n f o r c e d .  
Cs-100 values g i v e n ;  o r i g i n a l  and s u b s e q u e n t  exposed specimens failed a t  less than 

200% e l o n g a t i o n .  





... 
of these wastes are presented i n  Tables 4-11 and 4-12.' - 

The exposure ce l l  fo r  the primary specimens i s  shown. schematical ly ' in  Figure. 
4-6. A similar type o f  exposure cell  has been used f o r  t h e .  t h i c k  admix and ' 

soi l  l iners  (Figure 4-7). Each membrane specimen was prepared with a fieTd- 
type seam across the center made according t u  the  recomereded prac t ice  a f  the-. 
supplier of  the membrane. Two specimens o f  each 1i.ner material  were placed in S T . -  ',*:. . r i  
two se t s  o f  c e l l s  which were loaded with port ions.  o f ,  the same waste. The : 
ce l l s  were dismantled a t  two exposure times and the l i n e r  fpecimens were . 
recovered, analyzed, and t h e i r  physical properties measured. 
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TABLE 4-11. w?iSTES I N  EXPOSURE'TESTS 

Phases 
. .  

Organic W a t e r  , Sol ids  *, i .  : .  . 
,Phase . Phase : ' : . ' > ' .  f .  . . . . . . .  Type of Waste .' .Name Phase 

.:I' . . . .  1 . )  

- -. 
. .  . . : I .  ~ ., 

I. " * ,  II: I11 , - , *': 
. .  

. . .  
2 : " 0  ' '  .... loo! : . . . . . .  I ' a  

loa , -' ;;o 
3 . .  , .  . . ,  . . . .  .i ;.. . . .  

0 -  . . loa : . 0' 

" H ~ "  a 

l~S lopwa te r~~a  . .  

. . . .  . . .  .. . . .  . . . .  . . . . .  . . I  
. .  . .  

' . ' 0  . .  

Acidic 
. .  

.... 
. 

,; . I I , '. 
' . t .  ' "HNO , HP, HOACZrb 

.~ . 
, . ~ .  , . .  

A l k a l i n e  
. .  . .  ., . 

., ., . . ... 
. . . . . .  . .  "Spent causticllb 0 95.L 4.9 

Lead 

.oily 

. ., . I ~. . 
?. 

* .i 
. .  

L 

... 
3.4 . ,  .~ ' '  . '  . 10.4. :. . ' 86.2, b 

"Low lead gas washing" ) 
' 

)Blend 
. ,  - 

. .  , .  1..5? 83.27 . .  "Gasoline washwater" ) 

~ ~ ~ r o m a t i c  o i l "b  

"Oil Pond 104"b 

"Weed o i l s t a  

. . I  

. .  .loo. 0; 0 . .  
i .. . . . .  I .  

. .  . .  
_. 

83.0 a. . l L O  

20.6 :. 78..4 
". . . .  . .- . .  

. . .  . .  - .  
. ,  . . .  

d .  

Pes t ic ide  "Weed k i l l e r a v b  0 99.5. 0.5 . ' , ' . .  

. .  a 
I n  immersion t e s t s  only- 

. . .  
. .  

both primary exposure and immersion t e s t s .  
.it 

. .  
' . ,  . 
.,. . . .  

. ,  

TABLE 4-12. WASTES I N  EXPOSURE TESTS: 
. . . .  . .  

, .  . , I .  
I,' 

PH, Solids, and Lead . .  

. .  
PH So l ids ,  'b Type of waste Name 

-. . 
Water phase . '%btsl Volat i le '  " 

.:. . .c 

Acidic "HFL" 4.8 -2.48' 

., :- . .  
"HNC3, HF, HOAC" '1.5 "0.77. 

Alkaline "S lopwater" 1z..o .22.43 

Lead "Low lead gas  washing" 7.2 1.52 ,0.53 : ' , 34 =~ j 

"Gasoline washwa t e r"  7.9 0.32' '. 0.3.7 .' - ' 11 .. t 

- .  ,.. , . 
'7 i 

, _.^. , I . . .  
. .  5.09 .' . -. . . . . . . .  ... 

. .  .. -. . 
, : .  

1 . ,  ! i  
"Spent caust ic"  XL.3 zxor .1.61 ~ 

. _,;. : ..I 

.. g 
+ 

O i l  "Aromatic o i l "  

" O i l  Pond 104" 

'!Weed o i l "  

-. ) 
.::' f 

' ' . ' , r?'. f 

- . .  Pes t ic ide  "Weed k i l l e r "  z.7* 5-78 0.46 

i Source: Haxo, '1980a. . .  
. .  . .  111 
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- W a s t e  

MEMBRANE LINER 

Figure 4-6. Exposure ce l l s  for membrane liners. D i  
tank are 10 x 15 x 13 inch 

W a s k  Column': . . . . 

w a s t e  

- ~ - -  

A D M I X  L I N E R  

Figure 4-7. Exposure cel l  f o r  t h i c k  liners. 
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The f i r s t  s e t  of primary specimens was removed a f t e r  one year 
t h e  second s e t  a f t e r  approximately 3.5 years  of exposure 
Selected data on t he  second s e t  a f t e r  3.5 years o f  exposure 
Tables 4-13 and 4-14. Table 4-13 presents the resu l t s  of tes 
and e x t r a c t a b l e s  o f  t h e  e i g h t  membrane l i n e r s  expo.sed . i n  
wastes. . The vo la t i l e s  were determined on a sample of the.  ' liner i m m  
a f t e r  removal from t h e  waste and the extractables were determ'ined 
specimen which had been devolati l ized. Results show t h e  
vo la t i l e s  and extractables b o t h  w i t h  respect to  the' pol 
waste. There are indications tha t ,  i n  some cases, tin 
i n  the or iginal  compound was removed during the'  e x p  
cases,  the extractables were higher, indicat ing the ibsorp 
const i tuents  i n  the  waste. 

Tab'le 4-14 p r e s e n t s  t h e  e f f e c t s  o f  one and t h r e e  yea r  
ultimate elongation and S-100 modulus of the same lingr m 
wastes. 

The e f f e c t s  of 3.5 years of exposure t o  t he  wastes Y 
the  liner mater.ia1 and the  waste. Only one materia'l, a 
completely l o s t  i t s  elongation and tha t  was i n  exposwe t o  a str  
waste. The CSPE, neoprene, and EPDM l i n e r s  l o s t  s ign i f icant  elon 
caust ic ,  lead, and n i t r i c  acid wastes, respectively.  The CSPE a 
s t i f fened during exposure t o  t he  wastes and the neoprene l i ne r  
C S P E  c r o s s l i n k e d  d u r i n g  exposure and t h e  PYC p r o h b l  

4.4.3.2 Immersion Tests 

Concurrent w i t h  the  exposure of  the primary l iners  i n  t h  
supplemental membrane l iner  specimens were hung in t h s  wastes :, 
exposure were measured ,by determining the increase i n  weight, 
exposed specimens and measuring selected physical properties. 
procedure followed in conducting the immer.sion t e s t s  are  
111-A. The ef fec ts  of the immersion t e s t s  on absorpti 
shown i n  Table 4 4 5 ;  the e f fec ts  upon the elongation of 
shown i n  Table 4-16. 

I n  these  tab les ,  data are  presented for 12  membranes based on 
polymers immersed in eight d i f fe ren t  wastes from 2 to  2.2 year 
membrane specimens were two CSPE membranes, two EPDM membranes 
membranes. The o i ly  type wastes, which included the 
aromatic o i l ,  and weed o i l ,  represented a range iti aro 
w e i g h t .  ;The weed o i l ,  which i s  the most aggressive of 
materials,  i s  a l ight  aromatic o i l .  I t  particular7 
CSPE l i n e r s .  Oi l  104 .is a naphthenic and relativeqy 
had i t s  most pronounced ef fec t  upon the butyl rubber l i n e r .  
there  was a variation between the two l iners  based u p n  
differences between the two CSPE specimens was the 
s ign i f icant  differences among the three PVC specimens. The 
l ing carr ied i n t o  the elongation of the swollen mzre 
cases, in d ra s t i c  reductions in t h i s  property. 
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TLBLE 4-13; VOLATILES~ AND EXTRACTABLES~ OF PRINARY POLYMERIC MEMBRANE LINER SPECIWNS 
AFTER EXPOSUFE TO SELECTD WASTES 

V o l a t i l e s ,  % E x t r a c t a b l e s ,  B 
. Compound d a t a  Waste and exposure time i n  days (d) Waste and exposure t i m e  i n  days (d) 

% Unexposed 1260d 1220 d 1250d 1340 d 1260d 1220 d 1250d 1340 d 
Liner  d a t a  Ext rac tab les ,  P e s t i c i d e  HNO, Caust ic  Lead P e s t i c i d e  HNO, Caust ic  'Lead 

Polymer  NO.^ Type d 

Butyl 

CPE 

CSPE 

ELPOC 
F-.' - 
P EPDM 

.Neoprene 

P o l y e s t e r  

PVC 

57x7 vz 6.4 0.29 4.8 11.5 

77 TP 9.1 0.00 7.9 13.2 

. CR TP 3.8 0.29 9.7 7.2 

36 TP 5.5 0.15 ... 5.3 

26 VZ 18.2 0.50 6.3 12.09 

43 vz 13.9 0.45 13.6 ... 
75 TP 2.7 0.26 2.9 7.4 

59 TP 35.9 .0.26 . .  3.6 9 , .  

h 

f 

1.4 3.5 7.'6 8.7 7.9 7.9 

2.8 19.2 9.4 10.6 9.1 7.2 

5.8 11.4 5.4 4 . 6  3.8 6.0 

... 1.5 ... f ' 7.1 ...f 8.1 

1.3 5.3 25.2 . 22.89, 24.0 26.0 

5.7 17.5 i6.i. ; ... 13.7 12.2 

0.9, 1.7 . 5.8 . 13.5h 3 . 3 .  5.4 ' . '  

1.8 4.4 33.4 : : ..,.f .35.6 22.5 .', . .  
. ': 

! .  . . .  . , . . .  . . . .  . 
. .  

. .  
.. . . .  

- . ,  . . .  , . .  
.. :. *'.. ' . '. . :  

... . . .  

, .. ~. . .  . . '  

aPFarcent weiqht loss af te r  ah 105*C. ' _  

.$NO. = S o r i a l  numixir of lines ~ 8 %  ~p ~ a i ~ a ~ n i  R 3 R o i n f w c d  wicii-a e&xLQi . 
dType = Vulcanized (VZ) o r  t h e r m o p l a s t i c  (TP) , 
eELpO = Elas t ic ized  ply$leEin.  
fspecimeris still, under  exp~surf to  y s t e ,  

9EXpOSUTk? time 1150 days,  . 
11ExposUre time n 509 days. 

Source: Haxo. 1980a. 

. . bhfte ' r  devolat izat i ion in a i r  oveu f o r  Zh:@ 105OC. I L. . 

.. . .. . . . .  
. ,. . . .  
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TABLE 4-14. RETENTiON OF ULTIMATE ELONGATIONa AND 5-100 PDDULUS' OF PRIMARY WLYMERIC MEkBRANE LINER SPECIMENS 
ON EXPOSURE TO SELECTED WASTES 

Ultimate e l o n s a t i o n ,  % r e t e n t i o n  5-100 modulus. % r e t e n t i o n  ~~~ ~~~~ 

Compound d a t a  Waste and exposure time i n  days Waste and exposure time i n  days  
L i n e r  d a t a  Ext rac t -  O r i g i n a l  P e s t i c i d e  HNO, C a u s t i c  Lead O r i g i n a l  P e s t i c i d e  HNO, C a u s t i c  Lead 

Type d ab le s , '  a elongat ion? % 1260 d 1220 d 1250 d 1340 d S-loof psi 1260 d 1220 d 1250 d 1340 d 

a u t y l  57R VZ 6.4 70 77 419 142 108 .. ... ... ... ... ... 
CPE 77 TP 9.1 405 90 88 115 84 900 114 84 132 72 

CSPE .6R TP 3.8 '235 88 83 68 81 645 118 112 199 118 ' '  - 
.:, ., 
.? ; 

ELP09 36 TP 5 . 5  6G5 ... 96 ... 106 875 . * .  h io3 *.. h 110 
w 
c-' 
Cn EPDil 26 VZ 18.2 4 SO 103 79i  95 ' 106 360 - BO 70i 109 80 .. 

Neoprene 43 VZ 13 a 9  3 20 84 ... 95 75 460 . 54 ..I 96 62 

P o l y e s t e r  75 TP 2.7 575 87. . <le  87 90 2585. 96 ... 1 1 0  . ' '  88 

PVC 59 TP 35,9 385 93 ... h . 9 5  106 960 144 , . ..._ h 170" 107 

. ,  

"Ultlmnte o longat ion  Y The avsr.aqe. of the v a l u e s  ' i n  both machine and ~ U B ~ S V C K S Q  d i r e c t i o n s ,  . . . ,  
. ..I ~ I bS-lOO moduLus = %!he average of the  v a l u e s  i n  bo th  machine and transvekse d i r e c t i o n s  o€, the a t r e s b  a t  I000 olongation; , ' . .  

' . .  - .  I . . : , .  . 
. .. 1 . .  . . .  ,. 

CNo. = The s e r i a l  number of l iner  s e t  by Matrecon. 
dType I Vulcanized [YZ) oc thermoplas t ic  (TP),  
e0riginal elongation 9 Ultimate elongation of unegposed material, . . .  

.i * . .  
f O r i q i n a l  $-lo0 = S-io0 modulus of unexposed material. . .. . .. , . . 
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TABLE 4-15. ABSORPTION OF WASTE BY POLYMERIC MEMBNLNE ON IMMERSION I N  SELECTED WASTES 
(Data i n  Weight P e r c e n t )  

- ~ 

D a t a  on l i n e r  Waste and immersion time i n  days  (d) 
compound P e s t i c i d e  HNO, HF Spen t  Lead O i l  Aromatic Weed 

807 d 752 d 761 d 780 d 786 d 752 d 7G1 d 809 d 
E x t r a c t -  caustic 104 o i l  o i l  a 

Polymer No. Type a l e s ,  % 

B u t y l  4 4  VZ 11.8 1.6 3.8 3.7 0.8 28.7 103.9 31.2 64.2 

CPE 77 TP 9.1 12.7 19.9 12.9 1.1 118.9 36.9 226.4 ND= 

CSPE 6Rd TP 3.8 17.3 10.0 9.0 4.3 120.7 49.5 105.2 368.4 

CSPE 55 TP 4.1 15.7 10.9 7.7 3.3 116.2 55.0 110.5 347.5 

ELPOe 36 TP 5.5 0.5 7.6 1.1 0.6 17.0 28.9' . 2 9 . 4  ' 3 8 . 1  

EPDM 83Rd TP 18.2 4.5 4 ; 2  3 . 1  1 . 6  24.8. 26.5 ' 29.8 84.4 

EPDM 91 VZ 23.G 20.4 50.9 23.9 1.3 34.7 84.7 34.2 76.2 

Neoprene 90 VZ 21.5 11.4 17 .4  12 .0  1.5 59.1 26.3 142.6 89.3 

P o l y e s t e r  75 TP 2.7 4.2 6.4 2.0 1.5 7.4 8.5 16.6 l4:7 

PVC 11 TP 33.9 5 . 1  22.1 -u;1 0.4 -1.5. '-10.4 .18.5 15.3  
. .  

PVC 59 TP 35.9 1.0 -G.l 0.9 -0.9 ,' 7.4 -0.5 28.9 24.7 

PVC 88 TP . 33.9 1 . 6  20.2  14 .3  1.1 -5.2 -9.8 ,. . 14-1 : 25.2 . 
. . .  I 

'i 
. .  

~ 

- .  . . 
. .  . .  

. .  . 
8 

L 

. .  , :  , 7 ? . ,  

aNo. = the s e r i a l  number of l i n e r  s e t  by Matrecon. 
bType = vu lcan ized  {VZ) ur t h e n n o p l a s t i c  IT?). .. I 

.~ 
, .  

I 

, I .  . 
. .  . .  

. -  e~ specimen was lostr some i n d i c a t i o n  t h a t  it d i s s o l v e d  i n  t h e  waste.  

Q Z L ~  = - elast ic ized p l y g l e f i n ,  
. .  " 

. .  
= f e b r i c  r e i n f o r c e d .  



TmLE 4-16. VOIATILES" CONTENT OF FLEXIBLE POLYMERIC LINERS 
ON IMMERSION I N  SELECTEO WASTES 
( D a t a  i n  pe rcen t  loss of weight) 

Waste and immersion t h e  in days ld) 
Data on l iner  compound P e s t i c i d e  HNO, HF Spent Lead O i l  Aromatic . Weed 

Polymer No? Type' ables, % 807 d 751 d 761 d 780 d 786 d 752 d 761 d 809 d 
Extract-  Volatiles caustic ,104 O i l  o i l  

Butyl 

CPE 

CSPE 

CSPE 

E L P O ~  

EPOM 

EPDN 

P 
)-. 
U 

Neoprene 

Po lyes t e r  

PVC 

PVC 

PVC 

4 4  

77 

6Rg 

55 

36 

83R' 

91 

90 

75 

11 

59 

88 

VZ 11.8 0;28 

TP 9.1 0.00 

TP 3.8 0.29 

TP 4.1 0.42 

0.15 TP 5 . 5  

0.31 TP 18.2 

VZ 23.6 0.34 

vz 21.5 0.27 

TP 2.7 0.26 

TP 33.9 0.15 

TP 35.9 0.26 

TP 33.9 0.17 

3.0 

8.6 

10.8 

7.9 

0.45 

4 . 8 9  

15.6 

7.26 

1.75 

30.9 

40.1 

3 .si 

3.8 2.9 6.9 15.3 . .  9.8 3.3 19.2 

20.4 8.1 

10.4 7.6 4.2 3.3 20.2 6.1 50 .7  

NUe 1.6 42.2 5.2 

9 .1  7.1. 3.6 i.i 10.0 4.8 39.7 

7.2 , 1.3 ' 0.G 9.5 ' 3 .1  1 .5  16.4 

3.1 2.8 2.2 

4;2 33.4 22.6 23.6' 1.2 

13.7 10.5 2.9 23.6 6.3 3.9 28.9 

28.0 3.8 1.3 6 . 1  2.1 - 3 . 4  9.5 

4.4 24.1 . 13.9. 8.5 

18.5 11.8 

22.6 ' 18.3 0.6 '. 16.1  2;7 ' 3.6 17 .1  . . ' 

10.6 3.0 .l. 5 12.7 3.3 , ,  4.6 16.1  

23.2 13 .1  . ' 1 . 2  11.5 4.3 , ,  , 3.5 24.1 . '  
. ,  

a "Volatiles" con ten t  is t h e  loss i n  weight of a spedimen of l i n e r  (unexposed or expb?ed) 'on air-oven h e a t i n g  €or 
. .  

. .  . .  

* i .. . i . ' 2 hours at 105OC. 
. . .  . bNo. is t h e  s e r i a l ' n d e r  of l i n e r  assigfied by Matrecdn for i d e n t i f i c a t i o n .  

' t i D  = no da ta  obtained because the sample was t p o  badly d e t e r i o r a t e d  to t e s t ,  ., 

. .  
., _-  1 . . 

~. . ,  
CType 03 compounds: vulcanized (VZ) or thermoplast ic  (TPI. 

, . '  ~ . ,  . dValatiles con ten t  of unexposed specimeffiof liners. .~ 
: ,. , !" ..' , . i - .  .. 

. .  . .  . 1 I. 

' fImmersion, sample was l o s t r  Some i n d i c a t i o n  t h a t  i t  di5sGlved i n  the Waste.. . , ' 

I 
. .  . . . , ( .  ' 

t '  . 
" '.' '3R =,fabric .reinforced. .. I , , . .  . . . .  

. . i.:: 

. . . ,  
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4.3.3.3 Pouch Test 

A new t e s t ,  which was devised during wor 
appears t o  be a promising method .for a 
o f  membrane l iner  materials i n  contact wi 

In t h i s  t e s t ,  small pouches are fabricated af the 
They are f i l l e d  with wastes or other t e s t  f l u i d s  su 
and immersed i n  deionized water: The permeabilit 
water and t o  pol lutants  are determined b 
in weights of the bags and the measurern 
of the deionized water. Due t o  osmosis, 
and dissolved const i tuents  should leave 
are presented i n  Appendix 111-B. A 
test showing t he  movement o f  the various consti tu 
4-8. 

- 
CONDUCT1 WTY 

Figure 4-8. Schematic representation o 
ents  i n  the 'pouch (bag) t e  

The i n i t i a l  tests were made w i t h  therm 
fabricated into pouches w i t h  r e l a t ive  ease by h 
pouches have now been exposed more t h a  

Bags containing the wastes actual ly  .increased i n  
o f  water in to  the bags t h r o u g h  osmosis, as shown; 
t e s t s  now .show tha t  some ionic material, i s  d i f f  
the deionized water. 
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RELATIVE PERMEABILITIES OF POLYMERIC MEMBRANE LINLFsr . 1 ' *' I,.' ','~.-:.. 'T: 

. ::.t r .  

. .  . . . . .  

TABLE 4-17. ,,.?, 1.1, ,-/:'; t .. '<': 
-., . i 

. .  ' ,  . .  PIATERIALS IN POUCH TEST !4ITH THREE WASTESd .; : . .  . ~. . - . .. 
..I 

~ . , r : ,  .: * .. . 
' ' Average flux into the pouch in grams per square meter pe r ' day~  x 10-2 . . '  , . + .~ .~ < - a  

*., i 
" Liner Nominal HNO3 Spent . ' .. 

Polymer nob thickness, mils waste ' .causLic '. ,'. 

l.flQ.7c . . _  CPE , 86 22 78.2 . -  26.3 , ;. ,, 

CSPE . . 85 33 . - 67.8 
E L P O ~  . , ' 

. p B f  ' ' ' .~ , ' 9 8 '  . , .. .7.5 ' , 

. .  S1,opwater , 
. ... 1 6 . :  

.' 

36 . 23 2.5 , . " 3.8: 

'.3.0 . .  

. _ .  .PVC ' I . .  . 19 22 32.4 
PVC 88 20 64.2 65.9. .I 18 ~ 89- 

. 
aExposure time is  552 days unless otherwise dElasticized 'polyolefin.l . 

CPouch f a i l ed  a t  450 days. 

noted. ePouch fa i led  at 300 days'". . . 
bMatrecon ident i f icat ion number fPB - polybutylen'e ' ' .. .., 

SPouch fai1e.d a t  40 days 
. .  

~ . I . '  . 

Table 4-18 presents the interpolated or estimated times to .  reach an ele.ctric 
conductivity o f  1000 m h o  for  slopwater and nitric. aci'd, both of which are 
concent ra ted  wastes .  The d a t a  show t h e  g r e a t e r  perm9abiTit.y OF the PVC . ' . 

l ining materials as compared t o  CPE, CSPE, e last ic ized polyolefirf, and poTy- '. . . 

butylene; t he  l a t t e r  two are  p a r t i a l l y  c rys t a l l i ne  materi.als, ' 
..c .. :A". . .  . . . . , >  :+ - .  ,~ ..:, x . , I.. si-. , --e 

,~ ~, -j;t 
.. ~. ,.'..:$*: 

, _, . .' .. . )  

. ,  , . . ,", . .. . .  
TABLE 4-18. PERMEABILITY OF THERMOPLASTIC POLYMERIC MATERIALS.IN., 

OSMOTIC POUCH TEST 
Time i n  days for e l ec t r i ca l  conductivity of water i n  ' 

outer pouch t o  reach 100 mho . .  
Wall of inner bag 

Liner thickness Extractables, 
Polymer noa mils % 

C P E  86 20 1 - .  

CSPE 85 33 .. . 
ELPOb 36 22 5.5 
PBc 98 7 ... 
PVC. 19 20 38.9 
PVC 88 20 33.9 

SMatrecon ident i f ica t ion  number 
b E l  a s t  i c i  zed pol yo1 ef in. 
C P B  = polybutylene. 
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Thickness, mils. 
Volati les content of exposed pouch wall, % 

Change i n  weight of f l u id  i n  pouch 

Conductivity o f  water in outer pouch, vmho . 585 
Retention o f  physical properties., %: 

. . 

d u r i n g  exposure, % 

Elongation 
5-100 

A 
., . . .  . . .  w ' aExposure time 1150 days (164 weeks). .. 

bEl a s t i c i  zed poly01 ef i n . 
CMatrecon ident i f ica t ion  number. , .  

. .  

, .  . .  , . .- 
, . . -  . .  

. .  . .  
,. ... I .- . . .., . I - - . . 

, ' - . . ~ .- ' -- 4.4.4 General Discussion 0.F Results 

The types of polymeric compounds tha t  have been s t u d i e d  i 
projects were described in Section 3.4.3. They are based upon t 

.. - .  -I .". . four types of polymers: 
.. >.,. 

. .4 . . 
- Vulcanized elastomers, e.g. butyl rubber, neoprene. 

C P E ,  E C O ,  n i t r i l e  rubber, blends. . ' .>... 
I : 

. .. . 

- Thermoplastic e las tomers  ( T P E ) ,  e.g. CSPE, CPE 

- Thermoplastics, e.g. plasticized PVC, PVC blends ,wi th  selected- 

- Crystal l ine polymers (thermoplastic),  e.g. LDPE AND HDPE. , 

blends. 

1' ,, elastomers. 
. .  _.* 



. . .  , .  
-. .. . 

Some of t he  polymers used i n  b o t h  crosslinked 
example l ining materials of CSPE and EPDM 
crosslinked and thermoplastic versions. 

. .  . . ,  
- i  

. .  

. .  

and the rcap lz s t i c  ver 
have bee% m.anufactured i n  both .. ,. .' 

On exposure to  f lu ids ,  most polymeric materials, .whet 
or n o t ,  will  tend t o  'swell and change i n  some proper 
involved i n  the  swelling o f  polymeric materials are: . ' 

' 

, - Solubi l i ty  parameter. 

. - Crys ta l l in i ty  o f  polymer.' ' .  

.- Chemical stabi1,i ty.  
- Soluble consti tuents in compound. 

- Crosslinking of polymer. 
. I ~  . ,. '.. ..., 

. . ,  

The s o l u b i l i t y  parameter i s  used by polymer 
s i m i l a r i t y  i n  chemical c h a r a c t e r i s t i c s .  
l i n i n g  mater ia l ,  with a f lu id  w i t h  which  i 
Scott; 1950). For example, a hydrocarbon r u b  
swell and dissolve in a hydrocarbon such as gasoline- Om 
highly polar polymer, such as polyvinyl chlorid 
dissolve i n  gasoline. 

Crosslinking a polymer o r  a rubber reduces i 
Polymer s c i e n t i s t s  use the.  swelling of a cross 
t h e  degree  of c r o s s l i n k i n g :  t h e . g r e a t e r  t h e  
swelling. This e f fec t  i s  pronounced i n  such rubber.5 as. C 
of which are  available in both vulcanized and un 

Crys t a l l i n i ty  of a polymer acts much l i k e  c 
o f  a po1,ymer t o  dissolve. Highly c rys t a l l i ne  
polyethylene, will not dissolve i n  gasoline, 
s imilar  i n  chemical composition. Such h.igh 
considerable use i n  containers for  a wide r a  

Chemical s t a b i l i t y  means t h a t  the  polymer d 
would r e su l t  pr incipal ly  i n  reducing i t s  
and dissolving. 

The soluble consti tuents of a rubber compou 
a b i l i t y  of t ha t  material to  swell. Most p 
solubles, e.g. s a l t ,  which are  used i n  the 
of t he  compound. The swelling i s  a r e su l t  o 
compound. Soluble consti tuents can also a r i s e  from - t h  
ents  which are  present i n  the  compounding. 

T h e  e f f e c t s  t h a t  t h e  f i r s t  t h r e e  f a c t o  
materials i s  i l l u s t r a t ed  i n  Figure 4-9. The swellin 
type o f  material i n  a f lu id  with which i t  i s  somewhat 
ed i n  Curve A, which indicates t h a t  the  matertal wil' 
time and tha t  no real  plateau i s  reached. 

. . -  
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- Increased permeability. 
- Increased potential  of creep. - Greater suscept ib i l i ty  t o  polyme ' 

All of. these e f f ec t s  are  adverse with respect t o  l i n e r  
t h e r e f o r e ,  i s  a valuab.le i n d i c a t o r  of  the 
waste. 

Shrinkage ca'n''a1so be a meaiure of compatibil 
are highly plast.icized. For example, i n  t he  case o f  hi 
compounds, the p la s t i c i ze r  can leach and diffuse out o f  
the compound s t i f f  and b r i t t l e .  

. .. 

4.5 ' Effect of Waste Fluids on Admix and 0th 

As a part  o f  the   two l i n e r  research programs d 
variety o f  s o i l s  and .admix l i ne r  materials 
f lu ids .  The results o f  these, , t e s t s ,  after l imi t  
the' next two subsectons. 

. .  

4.5.1. Exposure t o  Municipal Solid 

After one year of exposure t o  leachate, the a 
l iners  l o s t  d ra s t i ca l ly  in the i r  compressive s 
ed t h e i r  impermeability t o  leachate. The as 
hardens on aging i n  a i r ,  became sof te r  indic 
organic components from the  leachate. 

The so i l  cement l i ne r  l o s t  some of i t s  compressive 
hardened considerably d u r i n g  the' exposure period -and 
coment concrete. , I t  became more impermeable d u r i n g  .the 

Inhomogeneities i n  the.  admix materials,  which 
the paving asphalt  and s o i l  .asphalt l iners ,  i n  
thicker materials i n  practice.  Thicknesses of 
ed for  this' experiment t o  give an accelerated 
appropriately-sized aggregate. The same comp 

- l i ne r s  did n o t l e a k  a f t e r  27 months of exposure. 

The asphalt membranes withstood the leachate 
swell s l i gh t ly .  There was no indication of d 
the asphalt. 

4.5.2 Exposure t o  Hazardous Wastes 

Five types of admix materials are being stu 

- Compacted fine-grain native s o i l .  
- Soi 1. cement. 
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- Modi f ied '  ben ton i te  i n  sand. 

t .  . - Hydrau l i c  asphal t  concrete.  
-' Membrane based, on emu ls i f i ed  asph 

Because o f  t h e  i n c o m p a t i b i l i t y  o f  some o f  
ma te r ia l s ,  severa l  combinations were d e l e t e  
was p laced below t h e  ac id  waste was t h e  hy 
o f  t h e  two o i l y  wastes, was p laced on ' . the  a 
waste, ' which contai.ned a '  l i g h t ,  o i l y  f r a c  

-The performan'ce o f  p the i n d i v i d u a l  admix l i n  

Compacted f i n e - g r a i n  s o i l  .- A l l  o f  t h e  was 
were p laced above t h e  compacted f i n e - g r a i n  soi.1 l . i n e r  
t h e  l i n e r s  to0.k place. The amount o f  seep 
pH, conduc t i v i t y ,  and percent t o t a l  s o l i d  
observa t ions  are  made w i t h  respec t  t o  t h e  seepages t 

The r a t e  o f  seepage i s  10-8 t o  10-  
ab:ly w i t h  t h e  p e r m e a b i l i t y  o f  t h e  
permeameter: There i s  some v a r i a t i o n  
ed below t h e  l i n e r  which may r e f l e c  
due t o  d e n s i t y  o f  t h e  s o i l .  

b. The f l u i d s  b e i n g  c o l l e c t e d  a f . t e r  m 
s t i l l  con t i nue  t o  be e s s e n t i a l l y  n e u t r a l  and 
(mos t l y  s a l t )  and e l e c t r i c a l  conduc t i v i t y .  

c. There i s  a downward t r e n d  i n  s o l i d s  
under t h e  p e s t i c i d e  and - lead wastes 
c a u s t i c  waste cont inues t o  be 23% sol 

L 

a -  

One s e t  o f ' t h e  ;o i l  l i n e r s  was removed and t e s t  
specimen taken f rom t h e  c e l l  con ta in ing  t 
was d e t e r m i n e d  u s i n g  a "back -p ressu re "  
1968).  The sample was c o l l e c t e d  from a dep 
sur face  o f  t h e  s o i l ,  -i..e. f rom t h a t  p a r t  o 
b y  t h e  o i l .  The t h r e e  c o n s e c u t i v e  Va l  
2.43 x 10 -8 , ' and  2.60 x 1 0  -8 cm sec 

' low p e r m e a b i l i t y  o f  t h e  s o i l ,  which had a 
s a t u r a t i o n  degree o f  101%. 

Analyses f o r  t r a c e  meta ls  were made o f  t 
waste, O i l  ,104, and t h e  aromatic o i l .  The t e s t i  
pH and heavy metal  content  (cadmium, chromium,. co 
lead) on samples c o l l e c t e d  a t  d i f f e r e n t  depths: i'n- the.:cel!ls- 

With t h e  except ion  o f  t h e  l i n e r  exposed t o  spent 'c .aust ic ,  the pH o f  t 
l i n e r  was n o t  s i g n i f i c a n t l y  a l t e r e d  b y  t h e  wastes, The pli o f  .these samples- 
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was i n  t h e  range of 7 .0  t o  7 .6 ;  t h e  r a t i o ,  s o i  
0.01 N CaC12 being the equi l ibrat ion so lu t ion .  

I n  the  case of the spent caust ic ,  the pH values were around 9;6 f o r  s a p 1  
c o l l e c t e d  in t h e  f i r s t  t w o  t o  t h r e e  cent imeters  
previous findings tha t ,  over the  exposure period 
front  of the wastes penetrated the  soi l  t o  a d e p t h  -o f  only t 
centimeters. 

The heavy.'metals dis , t r ibut ion,  as ~ indicated by the 
case of the  lead,. only a shallow contamination of  t h e . s o  
were obtained on a l l  s ix  ,heavy metals in t h e  case .of  t k  
104 waste. 

Soil cement, - A l l  of '  the' wastes except .the acid waste- were placed 
cement l i ne r .  No seepage occurred through the l i n e r  du 
exposure. . . ' 

One se t  of the  soil' cement l i n i n g  materials was. .recov 
exposure t o  the various wastes and. the  i n d i v i d u  
tes ted for  compressive .strength. , In  a l l  cases, c 
exposed soil cement was greater  t h a n  t h a t  o f  the une 
was 'some b l i s te r ing  of the epoxy asphalt .  c o a t i n g  wh 
half the  surface o f  each specimen. 

* . 'L , i :; ..r ' . .  

. .  . ,  . 
Modified Bentonite and Sand - Two types .of modified. bentoni tes  were . u s i d  as '::; .? 

. .  , l i ne r s  i n  ten ce l l s .  One type allowed somewhat l e s s  seepage than  .t.he. o ther ,  .:'%. .. 
There was measurable .seepage-in seven o f  the t e n ' c e l l s  and one: f a i l e d  allowing Y>:--i <:'':.:.:: 

' * '  
, -: .. :. , .. - ; '.J the waste (Oil 104) t o  come t h r o u g h  the l iner .  ,.:-, . . . , - _ . *  

I r respect ive o f  the type of waste above th,e l i ne r ,  the q u a l i t y  of t he  
was n o t  great ly  d i f fe ren t  among the samples collected.  Th 
below the pest ic ide waste on bo th  types of modified b 
s imi la r .  

When the  spacers containing the ~bentonite-sand were 
there  had been considerable channeling of the wastes i n t  
was no channeling a t  the  walls of the spacers. 

T h i s  type o f  l i ne r  i s  probably n o t  sa t i s fac tory  f o r  these: typ  
use of a so i l  cover on t he  bentonite layer t o  produce. an 
probably reduce the channellng e f f ec t .  

Hydraulic Asphalt Concrete - Liner specimens o f ,  hyd 
were placed under four of the  wastes. Excluded were 

T h i s  l in ing material functioned s a t i s f a c t o r i l y  unde 
c a u s t i c  wastes ,  b u t  f a i l e d  beneath t h e  n i t r i c  a 
f a i l u r e  arose primarily from the f a i l u r e  o f  the aggreg 
calcium carbonate; also,  the  asphalt was hardened c 

125 



"7 

. I  

, ,  . 

In t h e  case of the lead waste, .the asphalt ab 
ents  of t h e  waste and became "mushy". . There was's  
below the  asphalt l i ne r .  

Duplicate c e l l s  containing t h e  hydraulic asphalt. c 
are s t i l l  functioning without seepage. 

Membrane Based on Emulsified Asphalt and Nonwoven' 
was placed under only three of the s i x  wast 
lead. The acid waste was excluded because o f  the 
the 'asphalt ,  and the,  o i l  wastes were excluded ' b 
so lub i l i t y  of the asphalt and the wastes. 

The asphalt membrane functioned s a t i s f a c t o r i l y  w i  
caust ic  wastes; however, when the ce l l  containing the  lead waste was d5sm;mtl 
ed, the gravel below the  liner was wet and s t a ined  brown. Thi.s r e s u l t  . ind, i  
cates  t h a t  some seepage took place. 

4.6 Compatibility o f  Liner Materials i n  Waste .Flu 

4.6.1 Introduction 

. .  

- 

1' ... . -  
. ,  . .  

In Chapter 2 various wastes 'which m u s t  be contai 
t i c u l a r  reference t o  t h e i r  aggressiveness t o  v a  
Chapter 3 ,  various l i ne r  materials which are c 
waste disposal f a c i l i t i e s  are described and d i s  
composition and charac te r i s t ics .  

'The compatibil i ty of a l iner  with' specif ic  
e r a t i o n s  t h a t  a des igner  has i n  planning a s p e c i f i c  I a n d f i l T  si.te, Th 
designer of a lined waste disposal s i t e  
of those he has available' can effect ively 
the needed length of time. In some cases, t h e  r 
ed lengths of time, such as would be encounter 
must determine what l iner  materials a r e  compat 

, b e  contained. ' 8  . 

I t  is  the objective o f  t h i s  section t o  summar 
the wastes and the l i ne r s  ,presented i n  Chapters 2,  and 3 and to describe .t 
approach and methodology of determini.ng .the corn 
wastes. 

. 4.6.2 &Screening of Liner Mate r i a l s  Bas 
, .  

Knowledge 

Although the d i rec t  experience of compatibility o f  l i n e r s  and. wastes' bas 
upon actual experience i s  limited, there  
available from the chemical and petroleum indus  

'.science, polymer science and technology, conta 
t ry ,  e tc . ,  from which .the engineer and designe 
i t y  of given materials w i t h  wastes. The t 
materials .for the  lining of waste disposal f 
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In this section the i n i t i a l  screening o f ' l i n e r s  based upon. t h e  available ' y.4::. 

knowledge i s  described. . ,  
. .. , .  . . . .  >, ..i : ,. . .  ...... . .  . . . . . . . . . . . .  . .  . ,  . I  

. .  
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, . .  . . ,  , . .  
4.6.2.1 Characterizing the Waste 

. .  

As has 'been .indicated i n  Chapter 2, - the waste f l u i d s  that are i n  t h e  wast 
are leached from the waste can be highly complex materia'ls 'usually contai 
water  'and a wide range o f  inorganic  and organic  d i s s a l i e d  cpn.s t i tue 
Individually, most 'o f  the consti tuents are we17 charx3xr ized .  .The d i f f . i -  
cu l ty  w i t h  waste f l u i d s  is  tha t  they are complex. blends containing compo 
tha t  can be toxic  and also affect  l i n i n g  materiaTs i n  a varieky of 
Also, t h e  waste f lu . id  can be h igh ly  concentrated and. refat . ivel . ,y  s.i. 
such as would occur i n  a sp i l l .  The'analytical  capabi7it . ies haye dev 
great ly  i n  recent years, therefore,  an accurate .  compos,itional' analys. 
generally be made of a waste f lu id .  

For example, o i l y  wastes  g e n e r a l i y  degrade a s p h a l t s  and many p,o'lyme,r%c, ~ . .  

components 'such as calcium .or, in some cases, some o f  . t h e  organic .solven%s, ,, , 

The characterization of t he  waste should .focus on those lrrakte proper t ies  which :'.'": 
are potent ia l ly  damaging t o  'liners described i n  this study:, The. following . . i s .  . . . . . . . . . . . . . .  - .  . .  
a par t ia l  l i s t ing of waste consti tuents which can adversely a f f ec t  ne or- . - 1 . :  '- i . . .  

more o f  the  l iners :  

~ ., The designer m u s t  character ize .  the: waste : " ,,,.:.,.':: 

by obtaining an analysis t o  determine . i t s  major constituents..  Glith these. d&a . .  . . 
he can make a f i r . s t  estimate of  the k i n d  of a liner which must. be. avoided;. . -.I' . . .  . . '- :: 
materials.  Soi ls ,  though very effect ive with water, may. i n t e r a c t  with. ionic."'  . . .  . .  

' 1: ., . .  
. .  

. .  

. . . .  

. . .  . .  . . . .  
I 

' .. ~ . ,  ' . " . . .  . '. 

. . . .  . . .  - . .  ... ,, . . .  . . . .  
. .~ . . . .  .* . . . .  

, ' . :, , .: ' . .  . . . . .  . . . . .  .~ . .  - High pH, greater  than 10. 
- Low'pH, lower t h a n  3 . 5 .  
- Oily wastes, 
- High temperature. 
- Presence of exchan~geable ions, e.g. calcSum. , . 

- Organic f l u i d s  and acids. 
- Organic compounds, i n  general. 

. .  

4.6.2.2 Chaiacterizing the Liner M 

As discussed i n  Chapter 3 ,  the  range of materials 
disposal s i t e s  i s  'large and covers a wide range 
admixes t o  membranes of many kinds. As t he  soil a t  
a cand ida te  l i n e r ,  i t  should be thoroughly i n  
i t s  character,,  not only as t o  permeability, b u t  
the  waste tha t  m i g h t  be placed on i t .  

The ef fec ts  of  various sa'llts and chemicals upon 
agricul4ural science and ,  t o  some extent, from 
polymer i n d u s t r y  t h e r e  i s  cons iderable  informa 
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of  polymeric materials for  t he  l ining of many p 
.wh ich  function i n  non aqueous media, 
f l u ids  are simple, tha t  i s  the number 
there  i s  wide experience with handling these va 
p l a s t i c s  and rubbers are used in outdoor applic 
avai lable  on the i r  durabi l i ty  and weatherabil'ity.' Cons-id 
l i ne r  materials,  it is  qui te  possible t h a t  'some can he  e 
sidering the waste tha t  must be contained. 
. .  

. .  4.6.2.3' Matrix o f  Liner Material 
: . . . . "  . >. 

- O u t  of '  experience t o  date, matrixes. of wastes 'and".liner 
indicate .  t he  general compatibility o f  some o f  
th.is is i n  Table 4-20, which shows the. range o f  types o 
var ie ty  of industr ia l  and hazardous wast 
of'  l i n e r  materials nor the types of wastes are  
compositions and charac te r i s t ics .  A ra t ing  
combination is probably sa t i s fac tory ;  " f a i r "  i 
be t e s t ed ,  and "poor" indicates the combinatio 
functions only as an i n i t i a l  guide and, 
of 'liner materials and wastes must be te.sted 
materials.  T h i s  i s  the subject of the next section. 

4.6.3. Testing of Specific Combinations of 

As indicated i n  the previous section, knowle 
and the l i n i n g  materials available can be us 
spec i f ic  l i n i n g  materials which might  be s 
In some cases t h i s  knowledge may be su f f i c  
if  t h e  waste does n o t  contain components a 
a compatibi1,ity t e s t  should be performed 

4.6.3.1 Sampling and An 
Tests 

In order t o  r u n  accurate compatibility t e s t s  of 7ini 
a t ive  sample of the waste must be obtained. ' In as m 
l y  highly complex and heterogeneous, there  i s  a 
representative samples. In some cases samples of 
be avai lable  and similar types o f  wastes .must  be 
e r a t i o n  must be given t o  t h e  f a c t  t h a  
impoundment may be operating, there  may be a chang 
wastes. 

4.6.3.2 Compatibility Testing of Soi l s '  

I n  Section 4.2 some of the tes t ing  of t h  
mine the  chemical s ens i t i v i ty  o f  the soi l  
l imi t s  using the wastes as the f l u i d ,  w 
will give an indication o f  the sens i t i v i ty  o f  t h  
the waste upon permeabi'lity of s o i l s  is 
111-0. 
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TABLE 4-20. LINER-INDUSTRIAL WASTE COMPATIBILITIESa 
Acidic Toxic Toxic 

O i ?  pharma- Rubber Caustic s tee l -  Electro- pest ic ide 
Liner petroleum pick1 ing plat ing formula- ref inery ceutical  and 

material s ludge waste sludge t ions sludge waste p l a s t i c  
Soi ls :  

Compacted cl  ayey soi 1 s P P P G G G G 
Soi 1-bentonite P P P G G G G 

.. ' ~- . .  

Admixes : ' * I  
I .  Asphalt-concrete F F F F .  P , .  F G 

Soil asphalt F P . p  F .  ' P -' F G 
Asphal t-membr ane F F F F -  P F. . G . .  

w 
N Lo Soil cement F P P G ,  G G G ' " .  

. .  . .  
. . . .  G 

1 .  Polymeric membranes: ! .  
! /  Butyl rubbet. G .  G -  G ' F  ' P '- F ' , '  

Chlorinated pol yethy lene ' G  F F F ' .  - F  G '  ' P , '  

Chlorosulfonated poly- ." .j.- 

. . ,  
... 

. I  

. .  
, I  ; : 

,. . 
. .  . .  

~ - .  . .  
. .  

. . .  
G ' .  

.' . . 
. ' p . , ~  ..!. : '  .F ,," , 

2 '  . .  

1 :  
I 
Ili :' 

. .  . .I 
. .  I ,  

: ' .  
: -_ ' a ' '  , 

. .  
' . > .  , ' .  

.. . . . . .  ...I. 

F .. 

. . .  . .  ( .  

: . 
G . 

. :  
., 

. I  
. ,  

,". 
.. G .G 

. . . .  . . . .  

e t  hy 1 e m  

rubber 
. .  

i ; . .  

,'.$ ..: :? . F . ', ' ' r; ' '  

. .  . .  . .  
:: I G' F ' I  

. : 
. . .  . 1 '  , . . . ' 1 '  , 

' - , i  . .:. . - ,  . . .  
. .  

, G  . c , .  

, .  G 

Ethylene prapylene 

PoTyethyleno ( T O W  &n- I ' . I 

Polyvinyl chloride . 6 .  F .  " F G 
s W  

i I ' . ' ,  . .  

. . 

; :  
. .  . .  . .  " >  

. _  . .  
. .  

. . G  - 7  i G . .  ,. . I . '  . 
; . . ' F - ,  . , .  , 

, .. v 
F .1 - G  ;_., . . 

. . .  

F 
- .  . .  

8 -  

1 .  I 

1 
. . .  . . .  

F .: , G  1. . .  ' G " '  
. .  . .  

- .  . . . .  . .  . . . . .  .' , - .. 

- .  

. . .  

8 ,  

/ j  

. . .  

" .  

. . . .  
./ . .  

. .  ,;. . *, .. . .  
. , .  . . .  . .  , . .  -. . 

. " .  . . :  
. ,  . . ' I  ./ 

PStcwart, 1870, '6 = G o ~ d ;  F 0 Fair, P = Poor, 
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4.6.3.3 Polymeric Materials 

Three ind iv idua l  types o f  t e s t s  hav  
e f f ec t s  of the  wastes upon l ining materials.  These are: ' . '  

- 1mmersi.on Test 
.- Pouch Test 

. -  Tub Test ' - ,  

' 

, . .. . .  

Each of these t e s i s  7s  described i n  
111-C, respectively.  ' ,  

Immersion Test - In t h i s  t e s t  samples 
immersed in the waste and the e f fec t  
dimensions of t h e  l iner  specimens 
a r e  measured as a func t ion  o f  
t o t a l l y  i n  the  waste f l u i d ,  a some 
acceleration can be effected by incre 
the closer the temperature and expos 
more r e l i a b l e  the r e su l t s  will be. 
more re ' l iable i t  will be. These t y  
the  design phase of .the waste fac i l  
i s  desirable .  Samples can be withdrawn 
assess the e f fec t  as a function of time. 

Pouch Test - T h i s  t e s t  was designed t o  
membrane l i ne r  materials t o  water an 
A sample of the waste i s  sealed 
material under t e s t  which i s  then 
Measurements are taken per iodical ly  to  
water' i n t o  the membrane and/or leak 
t i o n  gradient i s  created by the de 
and the  waste on the other s ide .  
ment by osmosis of-water  and ions  
membrane due t o  t h e  d i f f e r e n  
membrane. Changes i n  l i n e r  ma 
t i e s  are tes ted .  

Tub Test - The purpose of t h i s  t e s t  i 
materials under conditions which s 
T h e  e f f ec t s  of exposure t o  t he  . sun ,  tem,perature changes,, ozone, and o t h e r  
weather fac tors  can be evaluated 
spec i f ic  l i ne r .  The f luctuat ion 
s i g n i f i c a n t  in t h a t  a horizontal sect  
e f f ec t s  of b o t h  the waste and weathe 
especial ly  harsh on l iner  materials a 

-. .. 
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, , 3.' 4.7 -Fai'lure Mechanisms .and Estimating Service lives 

An important fac tor  i n  select.ing l iner  material f o  
, i s  t o  match the required l i f e  of the waste impo 

*.' service l i f e  t h a t  can be anticipated for  a given 
exposure condition. I t  i s  recognized tha t  there  ca 
t h a t  a r e  needed. For u l t i m a t e  d.isposa1 of a waste 
required during which a l iner  must maintai 
designed. On the other hand, for  temporary 
.are sa t i s fac tory .  Furthermore, the l i f e  of 'a 

. ' . which it  contains.  .'. 

In order to'make estimates of the  service l i  
the l iner  system migh t  f a i l . .  In Section- 
re la t ing t o  clayey s o i l  l i ne r s  are describ 
v a r i e t y  of wastes  on s o i l s  a r e  desc r ibe  
the i r  loss in permeability and i n  streng 

. . . 7~s. .. chemical species on ' t he  soils. . .  

The e f f ec t s  of various wastes on polyner.ic membrane and. admix -j:imer materials : -. . " *  . ; .'..:, 

. .  . . .  . .. 

' - . . , . .  , 
. .  

,. T/ 
a "  - ,  '*,. 

- .  . . . .  . - ..... . 
. .  . 

,. . .  . .  
. .  . , . . - .  . .,._, . . . .  

- _ -  %C. 

.. i% b. .are described i n  Sections 4.4 and 4..5 respectively. Same of  the  e f f e c t s  ' : : ' . . . . .  ._ ~. '. 
!r: & 
5 @ 

. .appear t o  be severe enough t o  cause. a l iner  t o  f a i l  if t h e  exposure i s  su f f i -  
1 c ien t ly  long. 

The experience i n  the  f i e l d  with membrane type l i n e r s  and lineps i n  general .:.; .:,.. d 
has been primarily f o r  reservoirs  and other water containment f a d T i t i e s .  ' .The ., ,:;'..'.' . .  .:....:; 
f a i lu re  type mechanisms tha t  have been, encountered 
(1977). An amplification of the subject .of  f a i l u r e  mechanisms 
service l i f e  will be forthcoming in revisions of this M 

T h i s  section describes and discusses the  categori'es and char ?< the f a i lu re s  of l i ne r s  in the service-environment. The: ob j  
s e c t i o n  i s  t o  enab le  the user of t h i s  manual t o  understand n 

il 5 ... . liner f a i lu re s  and the events leading t o  faiture: The three.m 
o f  liner - fa i lure  tha t  will  be discussed i n  t h i s .  subsect,ion $ 
biological,  and chemical. Table 4-21 i s  a l i s t i n g  o f  t h e  p r inc  

2' i. mechanisims i n  liners. . . .  

F a i l u r e  of l i n e r s  i nc lude  problems i n  the subgrade, t 
h . i t s e l f ,  f o r c e s  of weather and aging, and p.rob1ems 
T procedures on condition. The'problems i n  subgrades are re 

different  i a1 . s e t t  1 5  ng , slope sloughing , b u i  1 t - u p  hydros 
G sures.  Failures may be induced by chemical- and/or ph 

Chemical compatibil i ty f a i lu re s  are a function of t h  

$ t ion,  while physical f a i lu re s  are more often subgrade r e l a t e d ?  

i 

.~,., . .~ . .  . .  
rf' 

:I, 
I 

ir 

s 

g. 
4 .  

2 - 
~. 

4:7.1 Physical Failures 

5 There are several modes of l i ne r  f a i lu re  due t o  physical pr&s 
ses ,  each of which i s  described i n  the fol1owi:ng paragr 
f a i l u r e  mode may or may not a p p l y  t o  every type o f  l i n e r -  Ho 
examples will be presented where warranted. 0 
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Hydrost at i c  pressure 

4.7'.1..1 Puncture 

4.7.1.2 Tear 
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volumes. In addition, the freeze-thaw cycle 
a t  a f a c i l i t y ,  b u t  will  occur throughout. 
essential  t o  mit igate  this type of f a i l u r e  i n  
concern. 

4.7.1.5 Wet-dry Cracking 

. . . . .  
. .. 

. .  

will  no t  b e ' a  locali  
Proper p1annin.g an 
areas where freezin 

T.his  mode of f a i l u r e  i s  most commonly found when clay liners a r e  used. 
wet-dry cycles cause a l te rna te  expansion and shrinkage of -cTay l iners .  wh 
decrease the strength of the l iner  and increase i t s  overall effect ive per 
b i l i t y .  Because so i l  materials have poor :tensile strength, the s h r i . n  
caused by drying is h ighly ,d is rupt ive  t o  the cohesiv? str 
Other 1 iners are' 'adversely affected by wet-dry cracking, '. 

extent. . .  . .  . 

. . .  . . . -  
.' 4.7.1.6 Differential  Se t t l ing  

Differential  s e t t l i n g  can damage a l l  l i ne r s .  
w i t h  a thorough geologic analysis prior t o  s i te  selection and ca  
design and construction. Differential  s e t t l i n g  i s  a locali  
s t r e s s  phenomenon and the greater the thickness and e l a s t i c i t  
the greater the tolerance range for  d i f fe ren t ia l  settlement. 

This problem i 

4.7.1.7 Thermal Stress 

Thermal s t r e s s  r e s u l t s  from di f fe ren t ia l  temperatures through a 
when temperature change i s  suff icent  t o ' cause  a phase change i 
T h i s  temperature change' (especial ly  in  polymeric membranes 
changes by thermal expansion (or contraction) as the case m 
changes. Thermal stress may also' become s igni f icant  i n  l igh  
reaction r a t e s  produ'ckd by individual components of a 
Phase. changes i n  s o l i d  mater ia ' l s  caused by hea t ,  gener 
because d i f fe ren t  phases usual1.y have d i f fe ren t  volumes 
Thermal s t r e s s  can be controlled or tolerated by alloain 
contraction i n  design, s t r e s s  r e l i e f ,  or  an acceptable range 
However, i f  the s t r e s s  i s  great enough, cracks will  occur. A l l  
are h i g h l y  susceptible t o  temperature. Polymeric me+h.rane li 
temperature sens i t ive ,  b u t . t o  a lesser degree. , . .  

4.7.1.8 Hydrostatic Pressure 

Hydrostatic pressure i s  of concern when the  s t ruc tura l  suppor t  
or base material is l o s t  by piping, sinkholes, oxidation of org 
settlement, e t c .  
which i s  due t o  inadequate drainage below the l i n e r ,  i s  discus 
5. 

The e f fec t  of hydrostatic pressure exerted beneath a ]in 

4.7.1.9 Abrasion 

The continuous or near continuous action of abrasion on a l iner  has a signif 
cant  wearing e f f e c t  over t ime. ' Windborne a b r a s i o n ' i s  
e r a t i o n .  I n  a r i d  r eg ions ,  sand p a r t i c l e s  c a r r i e d  by t 
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sandblasting e f fec t  on the . l i ne r .  
be specified,  or a protective cover must be p l  
Runoff entering the pond from the'.surrounding t o  
branches, rocks, and other debris which could ab 
the l ine r .  Construction o f  a diversion 
potential problems. 

L i  

4.7.2 ,Biological Failures '. 
I .  

. .  

The major. emphasis. on' biological ly  
: which the.  microbes. "eat'! the  materi 

i n t e g r i t y  and .low seepage c h a r a c t e r i s t i  
biological attack are  the p la s t i c i ze r s  t 

: pounds.  Bactericides are  sometimes used C 

4.7.3 Chemical Failure 

Because organic and inorganic chemicals 
hazardous wastes t o  be contained i 
chemical f a i lu re s  are of great importan 
paragraphs describe the various types 

4.7.3 .I SWel7 i n g  

The most seri0u.s chemical e f fec t  t o  p 
t i e s  i s  t h a t  of swe l l ing  which i s  
Potent ia l ly ,  suf f ic ien t  swelling can cau 
and flow, and loss i n  puncture res i s tan  
apparent when the l i n e r  i s  i n  d i rec t  con 

4.7.3.2 Extraction. 

Liner materials such as polyvinyl 
monomeric p las t ic izer  are  highly s 
Such e x t r a c t i o n  can r e s u l t  i n  em 
breakage of t h e  ' l i ne r .  Th i s  e f f e c t  

4.7.3.3 Outdoor Exposure 

Exposed polymeric l inings can be subject t o  f a i l u r e  
u l t r a v i o l e t  l i g h t ,  oxygen, ozone, and moisture-.  
operate i n  combination,. w i t h  the presence of oxygen 
major contributing fac tors .  Failure of the l i n w  
embrittlement, shrinkage and breakage. Ozone, can 
polymers, par t icu lar ly  those whic 
this  type occur i n  'areas where the 

Consider ab1 e information -is av ai 1 
exposed l i n i n g  materials i n  which the 
u l t rav io le t  l i gh t ,  oxygen, ozone, 
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TAILINGS IMPOUNDMENTS 
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Tailings impoundments are frequently constructed utilizinglincrs to mhirnize 
seepage losses, particularly 2 the tailings contain toxic or hnzardous materials, 
This papcr is directed primarily towards seepage from uranium. mill t$ygs 
impoundments, although the results can be directly npplicd io other matenals. 

Reliable esthaies of seepage losses from tailings impoundments are required 
io assess environmental impacts and io provide input for water bdance computa- 
tions, The effects that seepage may have on ground-water conditions and location 
of the phrentic surface are also of interest. 
In many areas of the world tailings impounhments nre located on or in natural 

soils or formations several meters above the ground-water level. The foundation 
material between the impoundment and the phreatic surface in thc aquifcr is 
unsaturated in such cases and convention& methods of analysis for saturated 
flow ihrough porous media do  not appiy. Technology from related fields for 
analysis of flow through pariially saturated porous mcdia has been utilized herein 
to develop methods for the estimation of seepage from tailings impounWents. 

The purpose of ii$s paper is to provide reasonably simple, engineering 
procedures for the estnnation of seepage rates from iailiogs impoundments when 
the floor of the impoundments is several meters above the plirealic surface 
in an mderiying aquifer. The value of this paper is the presentation of en&ee&g 
solutions thai do not require impraclical quantities of data or the use of numerical 
methods and computer applications. To achieve that only those aspects of the 
flow phenomenn that have fist order effects on seepage rates have been accounted 
for in the analyses. Several potentially important aspect5 have necessarily been 

Naic.-Discussion open unlil April 1, 1960. To extend the c losk~ date onc month, 
a written rquest must bc fiicd with the Editor of Technical Publications. ASCE. This 
paper part of the copyrighted Joumal of +c Geotcchnical Engiuecring Division, 
Procccdiogs of lhe Americm Society of Civil Er.tWcers, Vol. 105, No.  GT11, Novcmbcr, 
1979. Mimuscript was submitied for rcvicw Tor possible pubhcatkon on Scptember 1, 
i979. 
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Prof., Dcpt. of Apj~ultural and Ckcmicnl Engrg., Colorado State Univ., Fort CohS, 
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'prouucek a tting frotit" which moves downward ns depicted schematically 
.' ' in Fig. 2(u). a e yetthg front is the tr.Fsition zone in which the .volumetric 

wntcr content increases from B, bclow the front Io 8, above the front; The 
value of 6, depends upon the rate at which water can be supplied through 
the overlying strata. It will be close to thc residual water conlent when the 
overlying strata greatly restrict the rate of supply and is equal to n when the 
supply rate is greater than K,. The period of time during which the wetiinp, 
front is moving downward is referred to as Stage I in this paper. 

Stage I ends and Stage I1 begins when the downward moviug wetihg front 
encountcrs either a phreatic surface or an inlpervious stratum. During Stage 
11, a phreatic surfacc moves upward fi ing the remaining available pore space 
as shown schematically Fig. 2(6). The rate of rise of the phreatic surface 
during Stege I1 depends upon the tendency for water to spread laicrally in 
the saturated toue below the phreatic surface and the differcnce between 11 

and eJ. Both rcslricted lateral spreading in the saturated zone and small vfllues 
of (n - Os) promote a rapid rise of the phreatic surface and, therefore, a 
short duration of Stage 11. Stage I1 ends when the phreatic surface has-risen 
to the bottom of the impoundment. 

Stage iII is initiated when the rising ground-water mound encounters the 
floor of the impoundment. The Entire flow region during Stage 111 is saturated. 

SUMMARY OF PRINCIPLES AND BACKGROUND 

Historically, the motivation for studies of multifluid phenomena in porous 
materials has largely stemmed from problems in petroleum production, soil 
physics, hydrology, irrigation, and drainage; disciplines where multifluid pheno- 
mcns are common. In this section the pertinent tenets of flow in,porous media 
are rc-iiewed briefly. 

Coiiservntlon of Mass and Carey's Lnw.-Balance of water mass in B nonde- 
forming control volume of porous medium leads to 

. -  

d O  

a f  
div(fj) =.-- . . I I . . I . a i . . . . . . . . . i h . , . b ,' 6 . L . . . . ( I )  

assumkg thbt water is incompressible. In Eq. 1, div = divergence operator; 
4' = volume flux of water; 8 = volumetric water content; and f = i i i e .  The 
relationship beheenvolume fluxofwater and thedriving forcesina homogeneous 
and isotropic medium is 
g=-Kcgrad(b .+z) .  . . l . .  . . . , . . . . ' .  . . . . . . . . . $ .  I .(2) 
in which K, = the ekfective hydraulic conductivity: h = pore-water pressure 
head; z = elevation head; and grad = the gradient opcrator. Eq. 2 is Darey's 
law and is assumed valid for flow in both saturated and partially saturated 
porous media. In the case of saturated homogeneous media, K ,  is a constant, 
but in partially saturated'materinls, K. is a function of the pore-water pressure 
head, h. 

. .  

Combiiting Eqs. 1 and 2 yields 

JB I .  

a t  
div [ K ,  $rad (h + z)] = - . . . . . . A i . . . I . a . . . . ; . t . . ; (3) 
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is a nonlinear partial differential equation known as the Richards' cqu " i. '@, K., ,b ,  End O.r+re all dependent variables h Eq. 3. Two c o n s t i e  
equations are required in addition to boundnry and initial conditions to make 
iolution possible. The quntious K. = K,(b) and 6 =i a@), permit Eq. 3 to 
be written with either h or 0 as the sole depcndent variable. The relations 
K,(b) and 8(h) are the hydraulic properties of the soil or rock and are considered 
subsequenily in some detail. 

In saturated, homogeneous materials, both K, and 6 are consiant and Eq. 
3 simplifies to the Laplace eq.Jaiion 

V ~ ( b + z ) = O  * . . i i . . 6 ,  b . L 2 . .  . i .  1 . .  8 .  i . .  . . . . . * .  . (4) 

Solutions of Eq. 4 in saturated flow regions bounded in part by a phreatic 
surface-have proven to be elttiemdy dsficult io derive due to the nodimear 
condition that must be satisfied on the phreatic surface; Therefore, the Dupuii 
hydraulic approach is more widely used as P startkg place for !hg analysis 
of saturated flow bounded in part by a phreatic surface (2,6,0,15). Conservation 
of mass, coupied with the Dupuit approximations, results ihe Boussbesq 
equation (2,15): 

in which H = the elevation of the phreatic surface measured relative to a 
horizonial impermeable base of the aquifer; x and y are space coordmates; 
S,. = apparent specific yield; and other symbols are 'as defined prcviously. 
The apparcni specific yield is p. tern? that defines the volume of stored or 
released water associated with a change in phreatic surface. If is defmed as 
the ratio of the volume of water released (or storcd) to the change in volume 
of aquifer below the phreaiic surface (15). 

Approximate solutions to Eq. 5 subsequently will be used io esdmatc latkral 
s p r e ~ d h g  in the saturated zone during Stage 11. 

Desaturation of Parous Materials.-The pore fluid may consist of any mixture 
of liquid and gas. However, in apptications to tailings disposal, water and air 
are of primary importance. Further consideration, therefore, i5 limited to these 
fluids. 

Pore fluid pressures are measured relative io the ambient atmospheric pressure. 
It is assumed that the pressure of air contained in the pores is equal to the 
ainbient atmospheric pressure, and is taken as  being zero throughout thepaper. 
Pore-water pressures less than atmospheric pressure are negative. 

: The variation of capillary head with changes in water content or degree of 
r . .  saturation is considered in detail in many textbooks (7.13.15). Some typical 
' data are presented herein for illustration and considered as it applies to the 

nnalysis thnt'is developed. 
As the soil drains, the largest pores ire dcsaturated iimt because the capillary 

forces are smaller in the larger pores. In most porous materials the pore-water 
! pressure must become more negative than a threshold pressure before &, will 

become continuous in the material. This threshold pressure ffi called the displace- 
ment pressure and, when expressed as a. pressure head, is pveu the symbol 
h, .  Very little desaturntion occurs until the pore-water pressure head becomes 
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eIy constant and cqud to the saturated hydraulic condU;ctidty. is'ijj '. ;I 
~ : I )  

', t;' 
.,' 

ater pressure becomes more negative than h a ,  after whlch K, . The reduction of K ,  with increasingly negative h is pnmanly 
a reduction in cross-sectionat area, a change of hydraulic 
reascd tonuosity of water flow channels 85 the material 

&&aies (7). A satisfoctoJy parametric reprcsentation of the fnnction K.(h) 

&led. 
ti),$ for the case of the function e@), the relation K&) is hysteretic that 
$&ends upon whether h is increasing or decreasing. Eqs. 7 were developed 
@&e case in which h becomes increasingly more negative (;.e., dqing), but 
@it is assumed that they can be used for fhe wettiag prwesses as well. 
Combining u. Eqs. 6 and I yields, for h ha 

h 

0 - 6  i 

which represents the dependence of K. upon 0. In spite of the fact that both 
IuDctions O(h) and K.(h) are hysteretic, it has been observed that the function 
jy,(O)isquiteinsensitivc to whether 0 isincreasing or decreasing. This is fortunate, 
because Eq. 8 will bc seen to play the mole important role in subsequent 

&. 

1 F Calculation oi the seepage rates during Stage I, when,thc wetting front is 
'idvancing downward, requires the simultaneous solution of ms, 3 abd 4wSlten 
'for one-dimensional vertical flow. E q .  4, applies in the saturated strata above 
(he bottom of the lined impoundment and Eq. 3 applies in the foundation materid 
in the interval D, of Fig. 1. 

Vertical Seepace in Snturntcd Tailings nnd Liner.-Flow thou& a sequence 
of saturated strata oriented normal IO the direction of flow is weU known 0.15): 

3 Kt 
which D, E thicbess of layer ;; K, = saturated hydraulic conductivity Of 

the total change in piezometric head across the sequence; 

Applying Eq. 9 to the sequence of strnta above the foundation matend in 

layer i; A(h + r) 
and k = the number of layers in the series. 

Fig. 1 yields 

. i . .  . < .  . . , . . - .  . . . . . . . . . . i (W ( y  + D ,  + D, + 0,) -/I, 

D, D, D I  -+-+- 
rl =. 
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w h i c h ' h , p - w a t e r  pressure head ai the interfacebetween the foundation 

inalerial an liner, Eq. 10 can be modified easily to accommodate fewer 
or more distinct strata present in a particular application. 

It is worth noting at this point that both the piezometric head in the tailings 
and the resistance to flow increases as D, increases. However, the resistance 
to flow in the tailings, as represented by DJK,, is usually small compared 
io the resistance offered by the liner. Consequently.the effect of the increase 
in piezometric head overshadows the effect of increased resistance to flow; 

Vcrllcol Sccpsge Bcnentll Disposal Site.-The flux q at the interface between 
the dner and the underlying material is regarded as a constant at this point. 
The effect of time varying q will bc addressed subsequcntly. Thus, Stage I 
seepage into the foundation matcrial is idcaiized as onetdimensional m i r a t i o n  
with a constant flux boundary conditioni McWhorter (14) analyzed this problem 
and included the complicating effects of air displacement. Parlange (17) provides 
an approximate solution to Eq. 3 that applies when the effects of air displacement 
are negligible. 

Immediately prior to penetration of water into the underlying founddon 
material, the pore-water pressure head therein is very negative and is that value 
correspondlng to the initial water content, B j m  Infiltration causes the pressure 
head to become less negative is the water content increases. Parlange's (17) 
solulion for the time variation of the volumetric water content 0, at the top 
OF the foundation material is given in implicit form by: 

I f q  and the hydraulic propertiesh(8) and K.(O) are known, e,(r) can be computed 
from Eq. 11. Fortunately, the results. pertinent Lo the present application can 
be deduced without carrying out the indicated computations. 

Because the interval of integration h~ Eq. I I is finite, Eq. 11 can be satisfied 
for large values of f oniy if the integrand becomes Very large. For OJ < n 
this will be true on'y when (q - K.) approaches zero. This condition corresponds 
!" a unit hydraulic gradient, for which pressure gradients are zero and gravity 
1s the sole driving force. The function K,(O) has a maximum value equal to 
K,; the permeability of the foundation material at saturation. Thereforc, Eqi 
11 applies for all time only when q 5 K,. At large time for this case 

K,(e,)=q . $ .  . ; .  . . . . . .  $ . .  . j . .  
j . j (12) . . . . . . . . . . .  

and in view of Eq. x 

The value of 8, computed from Eq. 13 is that value of water content indicated 
in Fig. Z(a) and 2(b). The question then arises as to how much time must 
elapse followipg the initiation of seepage before Eq. 13 applies. Fortunately, 
"large" time m the context of the foregoing analysis is on the order of a few 
hours to several days. This is a negligibly short time period compared to the 
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,Li&f Stage I which can be on the order of several years. Therefore. 
or practical purposes, Eq. 13 can be assumed to apply throughout Stage I; , 
For cases in which q > K ,  at the beginning of infiltration, Eq. 11 applies 

,p to the time for which e, = n (Le., snturation occurs), This represents the 
at which the hydraulic gradient in the foundation soil is no longer sufficient 

0 acccpt flow at rate q. The result is an increase of pore-water pressufe, 
~ . ai the interface which tcnds to reduce the flux, qi throu& the overlytng I' ; 

mtenals (see Eq. 10). Again the time period required for 6, to adjust from 
I, to n is small compared to the duration of Siage I and can b: neglected. 
rhus, the material above the wetting front is assumed to be saturated throughout 
;!age I if the overlying materials can supply water at a rate greater than K,. 
~s condition will most often occur when the underlying materials are relatively 
&-grained or in the absence of a liner. 

Criterion for Saturation versus Partial Saturation above Wenins Front.-It 
5 n&rent from the foregoing analysis that estimation of seepage rates wi l l  
fequirc different procedures, depending upon whether 0, is le~s, t? or equal 
ion. Before proceeding with estimation of seepage rntes, a critenon 1s established 
that permits the selection of the appropriate method. It has becn shown chat 
saturation will exist above the wetimg front, if q 2 K,. The value of h, that 
corresponds ,to q = K, may be computed from Eq. 10. As indicated by Eq; 
6, if the computed value .is less (more negative) than h, for the foundation 
material below the liner, then e, is iess tlian n. Otherwise, a saturated zone 
will exist above the wetting front. ExpGcitly: 

+ D, + D, + D~ - K, < h,, unsaturated: 

. . . . . . . .  
y + D ,  -k D, + D, . 

(14) 
. .  

F&nntlon of Secpqc Rate far hz < h,.--In view of Eqs. 7 and 12 
- 1/0+3 h) 

lt,= hd (:) . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  (15) 

which can be substituted into the right side of Eq. 10 to yield 

Y 
( 3  + D, + D,+ O f )  - z ' -' 

A and error procedure may be used to find the precise V d U e  for 4 for 
which Ea. 16 is satisfied. A first approximation to the correct value of q may .- ~ 

be computed from 

(y  + D, + D,  + O f )  - h d  . . . . . . . . . . . . . . . . . . . . . . . .  (I. 
¶ =  

K ,  K ,  Kf 
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-, I i t  wss ed out carlier ihat the quantities y, D,, and D; we increasing 

'- functions 
Up io this point, the effect of increasing thc dcpth of saturated tailings has 
bcen ncglected. In fact, both Eqs. 13 and IS were derived under the cxplicit 
assumption that q wns constant. However, for typical ranges of h (1 < A c 
3) both / I ,  and 0, prove to be relaiively insensitive to changes of q. Therefore, 
it is a icasonable nppioxhntion to regard 0, as constnni Md compute its VQIUC 
from Eq. 13 using a mean value of 4. The mean value o f  q is obtained nfter 
computing q as a function of time from Eq. 17 using y, D,  and D, as functions 
of timc as determined by the phmed rate of tniliigs ~ I E . C C ~ C ~ ~ ,  

It is worth pointing out that the seepage rates predicted by Eqs. 16 or 17 
are almosi independent of the hydraulic charactenstics of the foundation material. 
It is emphasized that this condition prevails only when the liner or other overlying 
.strata rcstrict the flow sufficiently to cause q to be less than K,, This result 
was noted by Kisch (12). 

EstImntiou of Seepage Rntc for h, 2 h,.-Unlikc the previous case in which 
seepage rates were largely controlled by ihe averdge permenbility of thc coarse 
tailings, slimes, andlher, the seepage rateshthir cnse aresubstaniidy influenced 
by the hydra& properties of the foundation material. Furthemore, a t h e  
variation of q exists that cannot be reasonably ignored, even if the saturated 
thickness of the taifings are constant. 

To compute the secpage rates, the Green-Ampt (7,9) infiltration equation is 
gcneralized to account for the retarding effect of the overlyhg tailings, slime, 
nnd liner. The wetting front is idealized as a discontinuity, above which the 
volumetric water content is n and below which 8 = 0,. The flux is determined 
by Darcy's law applied to ihe saturated zone above the wetting front. Thus- 

(hi + L - h,) 
q = K r  . . i . * . & . .  . . . . . . . . . . .  $ . > . i . ; . ( 1 8 )  

in which L(I) = the time varying depth of penetration of the wetting front; 
and h, = the constant, effective capill8ry drive defincd by (3,19) 

. . . . . . . . . . . . . .  (19) i . . , . . .  

1 -- 
h e = -  5 X.dh = h, 

Kf 0 

The second equality follows from use of Eq. 7 to evaluate the integral. 
The flux is also given by Eq. 10 which is written as 

, . .  
A - hf 

B 
. . . . . . . . . .  . .  . q = - . . . . . <  i . . i  i i i . . . . . . .  i (20) 

for simplicity in notation. The value A represents the first term in the numerator 
and B represents the entire denominator'in Eq. 10. A third equation is provided 
by the conservation condition 

(21) q = ( n - e , ) -  . . . . . . . . . . . . . .  : . . . i . . ; . . . i . . i . .  . .  
dL 
dr 

, '  Elimination of h, betwecn Eqs. I8 and 20 yields 

.: 0 
, &,(LL+;IK;-.) i i ,  i ,  ;,, , * I , ,  i i 1 ,  * i i . .  i i , _ i .  i 

md from Eqs. 21 and 22 

Because the thickness of the saturated tailings is time dependent, the quantities 
A and B are functions of time. However in mimy practical problems A and 
B can bc regarded as constants. Eq, 23 is integrated to yield 

i .  (24) 
/L+ A - h,  . . . . .  L + ( K , B - A + F  'In 

The computation procedure is to select various values of L and compute the 
corresponding valucs of seepage rate and time from Eqs. 22 and 24, respectively, 
Thus, the function q(1) is obtained. Mean values of A and B can be used. 

.Duration of Stage I.-Recall that Stage I terminates wheq'the wetting front 
encounters either an impekous stratum or an underlying saturated zone, The 
duration of Stage I is, therefore, the time required for the wetting front to 
traverse the inierval D, as shown in Figi 1. For thc case in which 0, = n, 
(he duration of Stagc I is given by Eq. 24 with L Dr2 The cstimatc of 
the duration of Stage I is improved somewhat by putting L = Dj + h ,  for 
(he case in w p h  an aquifer exists bccause this accounis for the fact that 
(he capillary fnnge of height (41~) shortens the distance the wetting front must 
travel before tbe phreatic surface is affected. It should be recalled that h j  

is a negative number. 
For the case 0, c n, the mean quantity of water required to f i i  the volume 

D,(O, - e,) is given by 

~ , T = D f ( O r - B r )  . . .  8 . .  . . . . . . . . . . . . . . . . . .  2 . .  . . .  (25) 

in which qm = mean seepage rate; and T = the time required for the wetting 
front to traverse distance 0,. Substituting for 0, with Eq. 13 and solving for 
T results in 

T = 2  [tn - e,)($) + ( B , - O , )  . :  ' .  . . . . . . . . . . . .  (26) 1 I i R + 3 h )  

4, 
Since tho time interval over which qm is to he computed is not known at the 
outset, the procedure is to estimate a vnlue for q,, compuie T, and recompute 
q, over this time interval. The computation is repested as required. Again, 
0, should be replaced by 0, + h, in the case of an existing phreatic surface 
st depth 0, because this accounts for the existence of the capillary fringe. .. 

I .  T ANwYais OF Flow DURING STAGE II 
. .  

Stage I1 is characterized by a rising phreatic surface in the underlyhg aquifer 
inresponse to the seepage from the disposal site. The rate of rise of the phreatic 
surface depends upon the seepage rate, the' fraction of the pore space in the 

! I  
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that rcmains avnilable for water storage ( is . ,  n - e,), and 

the t e n d e n c y & ?  ground water to spread laterally 9s the phreatic surface 
rim. It is convenient to annlyzc the seepage and rise of the phreatic surface 
for the case when 8, < n, sepnrately for the case when e, = n. 

8-opngc and Mound Height When eJ< n.--Wbon the transmission zonebetween 
the impoundment Md the underlying phreatic SurFacc is partially saturated, the 
seepage rates during Stage I1 are independent of the depth to the phreatic surface 

-..,?~as;nission 

FIG. S.-Sootion Viaw of Ground-Wotor Mound 

" , 
FIG. 6.-Giophicai Repranontotion of Eq. 29 

and can be dculnted from Eq. 17 BS for stage I. This conclusion is agreement 
with Kisch (12) whp also found seepage to be practically independent of depth 
to thc phreatic surface when the intcrvening interval wns pnriinlly snhuated, 
The main purpose of this section, then, is to develop a means of estinting 
thctimerequiredforthephrenticsurface tonse to thebottom oftheimpoundment. 

Based upon the Dupuit approximntion, the differential equation for the height 
of the phieatic surface above a horizontal impervious stratum is the nonlinear 

I. . ,. 
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phreatic surface above its initial levei as indkatcd in Fig. 5. 
The saturated height H is ivritten as Ha + s, in which s is the'buil 

that s is everywhere small relative to H a ,  Eq. 5 can be linenrized and .Mdytic 
solutions obtnined. The problem is further simplified by ideaking the impdund- 

e, ment area as a cirole (plan dew) of radius R with an area equivalent to the 
actual area of the impoundment. 

i The foregoing simplifications permit Eq. 5 to be written as 

. .  i . . . . i . / ' * . 2  2 * ; . . . , > . , * . .  (27) 
r .ar e ,  at 

. .  , 1. for the region r 5; R in Fig. 5 ,  and 

a's, 1 Js, 1 Js, -+--=-- 
ar' r dr Q~ Jr 

. . . : . . . . . * .  . . . . . 8 . : . . . . . z ... (28) 

for the region r > R, in which e, = K.H,/(n - 8,); ax = K . H , / ( n  - 8,); 
K .  = the horizontnl hydraulic conductivity of the aquifer; H. 7 initial saturatcd 
Lhichess; r = radial coordinate; f = h e ;  and the subscripts 1 and 2 denole 
regions one and two in Fig. 5. 

A solution is sought under the conditions that the mean seepage rate is constant 
and uniform in the region r 5 R and zero elsewhere; The initial condition 
is s(r,O) = 0 and the bouudary condition at infinity is s(m,f) = 0. In addition 
the solution must yield s, = s2 at r = R and (as , /ar ) ,  = (as2/ar)n.  The 
problem thus formulated has a direct analog in the theory of heat conduction 
and the appropriate solution is borrowed from Carslaw and Jaeger (5) .  Because 
the build-up of the phreatic surface is a maximum beneath the center of the 
&npoundment, the solution is written only for the point r = 0: 

' 

: 

. 
' 

5 ' 
. 

in which @ = J , ( x )  Y,(px) - pJ,,(x) Y,(Px) 

Y = J,(;)J.(Bx) - B J . ( x ) J , ( P x )  
1/2 

R ' = [ ; 3  

where J. and J, are the Bessel funcdons of the first kind; Y. and Y, are 
the Bessel functions of the second kind; x is an integration variable; and so 
is the build-up at r = 0. Numericnl results from Q. 29 in the fom, of reduced 
variabies are provided in Fig. 6. The form of the reduced variables in Fig. 
6 makes it possible to display  he solution [Eq. 29) conveniently on one graph 
but obscures several important features of the solution. Calculations will show, 
however, that s, ( t )  increases without bound as f becomes very large, that s.(f) 
increases rapidly as N - 0, decreases, and that sa@) incrcases as the size of 
the disposal area increases. 

Fig. 6 can be used to estimate the duration of Stage I1 by detem&mg the 
time at which s. = D,+ ha. There tire a number of shortcomings in the foregoing 
analysis of the growth of the ground-water mound. In some situations, the 
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', rzstr& ; h a a c e m a i n  small relative to If. may not be satisfied, in which - .  - .  
cases, the calculations yield estimates of mound growth more rapid than will 
actually occur. Comparison of the solution for the noniinenr steady-state case 
with &he corresponding solution for the linear case suggests that replacement 
of H ,  by the average saturated flow depth equal to H. + (0, + h , ) / 2  will 
substantially improve the estimate for the duration of Stage 11. 

A second deficiency is !hat .not all -disposal areas cnn be satisfactorily 
approximated by a cucle and n third deficiency is the assumption of an infiite 
aquifer. If flow boundnrics restrict the spread of the mound, the rate of growth 
of the mound will be more rapid than the foregoing analysis hdicates. On 
the other hand, the existence of a discharge boundary, such as a stream or 
a natural ground-water grailicnt could permit the mound to reach an equilibrium 
condition not predicted by the preceding solution. Several computer solutions 
have been developed for mound growth that are not nearly so restricted as 
regards the geometry and boundary conditions that can 'be handled (e.g., 16). 
An analytic solution for rectangular geometries bas also been completed and 
is being prepared for publication. 

Seepage and Mound Height When 8, = n.-The seepage rate depends upon 
the height of the phreaiic surfuse beneath the impoundment for this case in 
contrast lo the situation in ihc foregoing scction. Lei 5. be the distance between 
the bottom of thc impoukheut and the underlying phreatic surface ai the center 
(Le., at r = 0). The seepage rate beneath the center of the impoundment is 

4 =  
, .  

(30) / i . . . . i . . . . i . . . i . ' l . . i . . . . j . i . . . .  
A + C O P )  

I. B + -  
K i  

which is Eq. 9 applied to the entire saturated zone. The parameters A and 
B are the same as in Eq. 20. The value of 6.  varies from D, at the beginning 
of Stage I1 to zero at  the end of Stage IZ. Rigorous wlculations of q require 
that Eq. 30 be solved simultaneously with the differential equation describmg 
the mound growth. While in priociple such a compulnlion is possible, it represents 
a complicated refiement probably unwarranied in view of the other simplifying 
assumptions already invoked, accuracy required in field applications, and the 
reliability of input data in many cases. Therefore, for the purpose of estimating 
the duration of Stage I& a constant mean seepage rate given by 

. .  . B . . f . - j  ,: ~ . .  . . , . . .. 

. .  , :  , 6 .  .( \ . ~ Kf , .  . .  
' .  t ' ,  

.. 
is assumed to apply for the case in which 0, P n.. ." 
1. The next step is to compute the height of the phreatic surface beneath the 
impoundment so wt the duration of Stage 11 can be estimated. The height 
depends upon both thc vertical seepnge rate above the phreatic surface and 
the raic of lateral spreading below the phreatic surface as is described by the 
solution to the following bonndary value problem 

. 

a's, I as, 4m 
-+---- = 0, r s  R ;  s, [R,t) = s,(R,t). . . . . . . . . . (32) 
a?' r ar K.H. . .  . 
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. .  fi 1 as, I as, . ,. 

"" I--=--. r s  R :  s.ia.t)=O; sl(r,O)=o; 

= w R 1 q m .  . . 6'. . i . i i . .'. i . i i . . i i (33) J s * R t )  
-2mK.H.R 

ar 

Eqs. 32 are readily solved by direct integration to give 

qmR1 

4HkK. I '  

5, =*,@,I) + - . . . 6 . . i . j . . . . * . . . t . . . b , . . . 8 (34) 

k which so = the mound build-up bcneaib the cenicr of the region of seepage 
bs previously defied.  The quantity s,(R,t) is provided by the soibtion to Eqs. 
33. Fortunatclqi, the boundary value problem as described by Eqs. 33 is 
mathematically identical io that for flow to a large diameter well ircated in 

FIG. 'I.-Grophicsl Reprorantniion of Simuiianoous Soiutiob of Eqs. 32,and 33 

detailby Hantush (IO). In Table VI of Haniush (10) vahies of s,(R, t) are'tabulated 
in dimensionless form. These nnmerkal values were used in Eq. 34 nnd the 
results are shown graphically in Fig. 7. 

The results in Fig. 7 imply an instantaneous change in dimensionless mound 
height from 0 to 0.25 at f = 0. This instantaneous chinge is consistent with 
the fact that the region r 5 R is saturated and, fhercfore, has no storage capacity 
under the assumption of $compressible fluids and porous media. The instanta- 
neous build-up is required to develop the gradienis n e c c s s q  to calm lateral 
flow in the aquifer beneith the impoundment assuming that there is no natural 
ground-water gradient. 

Fig. 7 can be used to compute the time at which so = D, + h,  and, therefore, 
the duration of Stage I1 when 8, = n. The results arc subject to the same 
limitations as described previously for Fig. 6. Again, an average value of saturated 
tbiclroess equal to Ha + (D, + h , ) / 2  should be used in place of H. to panially 
account for the variable saturated Ihickness thot was neglected in order to obtain 
linear differential equations. 

. .  . .. . <.,. . . . .  

- .  . 
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Seepage during Stages I and I1 is largely controlIed by vertical gradients 
and the hydraulic conductivity of the liner and tailings; the seepage rates being 
relatively insensitive to the position of the phreatic surface in thc underlying 
aquifer and the rcsistance to lateral spreading of the ground-water mound. If 
the phreatic surface in the aquifer rises to the elevation of the impoundment 
(Stage III begins ai  this point) the resistance to lateral flow in the aquifer 
.has a very significant influence upon subsequent seepage rates. The resistance 
to lateral sprending in the aquifer during Stage 111 causes the pore-water pressure 
toincreaseon the interface betweeniheimpoundment andJhefoundation material, 
reducing the vertical gradients in the tailings and liner and, therefore, the seepage 
rates. Thus, the maximum seepage rate during Stage 111 occurs at the beginning 
of Stage 111 and is equal to the terminal rate in Stage 11. After a sufficient 
period of Stage 111 seepage the seepage rates are controlled entirely by the 
resistance to flow in the aquifer and are practically independent of the hydraulic 
properties of the liner and tailings; . ' 

Rigorous analysis of now in Stage XI1 i s  complex .mathematically, aud'the 
purpose of this section is to provide an .upper bound estimate of the seepage 
rates. This is accomplished by assuming that the resistance to lateral flow in 
the aquifer, exterior to the impoundment, controls the Seepage rates. To insure 
that the seepage rates so computed constitute a reasonable upper bound, the 
initial rate for Stage 111 is forced to equal the terminal Stage I1 rate. 

Succession of Steady Statcs.-At any instant In time, the phreatic surface, 
exterior to the iNpoundment, is assumed to be of the shape ghen by the 
steady-state equation 

: 
i 

h which r, = the radius at which the mound height is zero. Both the seepage 
rate q, and re are regarded as functions of time. 

The cumulative volume of seepage at any time is given by 

Eq. 36 yields 

in which s,, = the mound height at r = R and is assumod constant and equal 
lo 0,. The volume of seepage is also given by - .  ... 

(38) 8 ; ... . . . i , .. . ;. . 8 . .  . . . ; . I . . . ... .. . ._, . 
. .  

Substitution of Eq. 38 into Eq. 37 and differentiating with respect to time yields 
the following ordinary differetltial equation for q,(r): 

Integration of Eq. 39 subject to q,(O) = qn., where qm. is the terminal Stnge 
11 rate yields , L  

3 
(TU ,- w;)  I V Z  -.w: w1 - w, - b.. (40) - - 4K, H a t  

-= exp (IV) - cxp (w.) - 
Sp$R2 1.1! 2.21 3.31 

in which w = (4KaH.D,)/R'q,; and w, = (4K.H,Df)jR'q,.. AS in the 
previous ,+es, estimates ore improved by replacing Ha by the quantity H. 
.I. (Df + h,) / z .  The seepage rates, qmi during State 111 can be computed from 
Eq. 40. 

CONCLI~SIONS 
1 .  I '. 

Amethod for computing seepage rdes  into the partially saturated zone beneath 
5 taihgs hpoundment has becn presented. This method of computation was 
based primarily on existing technology in othef fieids that hasbeen developed 
for flow through puttially saturated porous media. Somc simphfying assumptions 
had to be made in order to allow a reasonably simple method to be developed 
that could be used to arrive at an engineering Solution to the problem. However, 
the accuracy of the method is believed to be well within the accuracy with 
which the input parameters may be determincd. 

Seepage rates may, vary considerably depending on the boundary conditions 
of the particular problem being analyzed. The method .of analysis presented 
herein may be used to estimate seepage under a variety of conditions and must 
be utilized in a manner consistent with the timewise variation of eonditions 
at tbe site. It is shorn,  however, that when the foundation material between 
the impoundment and ihe aquifer is not saturated the seepage rates may vary 
in a complex manner and will bear littk relation to rates computed assuming 
saturated conditioh; 
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- UPTAKE AND RELEASE OF LEAD, CHROMIW AND TRACE LEVEL' VOLATILE 
ORGANICS EXPOSED TO SYNTHETIC WELL-CASINGS 

G.D. Miller, Universi ty  of Oklahoma 
Department of Civi l  Engineering and.EnvironmentaE Science.  

National Center f o r  Ground Vater Easearch - Norman, Oklahoma. 

- .  

The pol lu t ion .  of  ground water.. by organic and inorganic  chemicals. is 
being given increased a t t e n t i o n  by researchers,  eqvirenmeatal~regulators. 
and t h e  general '  publ ic ;  Highly ser is i t ive r e s e a r c h  t o o l s  are being 
appl ied  t o  the detect ion and ' i d e n t i f i c a t i o n  of.  trace levels of these 
chemicals. Detection of organic  chemicals and m e t a l  pol5.utarrts at 
concentrat ions i n  the low. p a r t s  per h i l l i o n  (ppb) and less. r ange  i s  now 
possible.  However, a t  these very low detectiorr limits sampling and 

' measurement. inaccuracies may r e s u l t  from the adsorpt ion (or uptake) of 
some chemicals and the. leaching (or reilease) OF o t h e r s  from moni todug 

. well-casing mater ia ls ,  sampling apparatus and anatgtj.cal equipment, 
. ,  . : 

R e l a t i v e l y  small amounts of  adsorption o r .  SeacEing . c211 greatly- 
af , fect  sensitive- ana ly t i ca l  r e s u l t s  when .~measurhg trace l e v e l s  in t h e  . . 
low p a r t s  p e r ' b i l l i o n  range. 'The .amount o f  adsorpticn and leaching t h a t  
occurs i n  ground water qua l i t y  .monitoring wells has not been determined 
under cont ro l led  conditions for the  metals and tox ic  organic  chemicals 
f o r  which the U.S.. EPA has es tab l i shed  or proposed test procedures. 

' Other , inves t iga tors  have s tudied . t he  ' s o r p t i o n  and l e a c h i n g .  . . - 
c h a r a c t e r i s t i c s  of many metais and some organics with l abora to ry  p l a s t i c  
and g l a s s  containers.  This  laboratory s tudy .  examines so rp t ion  and 
leaching in te r fe rences  associated with three  types of s y n t h e t i c  -11- 
casing materials and se lec ted  metal  and v o l a t i l e  . organic  . p o l l u t a n t s  
under s t a t i c  conditions. The objectives of. t h i s  s tudy i n c l u d e .  . 
i d e n t i f i c a t i o n  of chemicals t h a t  may leach from weS.l-cas?.ng mat.er5al 
when exposed to  se lec ted  pol lu tan ts ,  q u a n t i f k a c i o n  of adsorp t ion  of 
se l ec t ed  pol lu tan ts  on various.  well-casing materials, and. t o .  gu ide  

I -  ,. : .materials-  se lec t ion '  and da ta  in t e rp re t a t ion  during grounZ water 
;. . monitoring. 

.. 
. .  .2 

- .  . .  
Background . .  

, S t u d i e s  have been conducted on the adsorption of m e t a l s  i n  v a r i o u s  
types of containers  during s torage  or preservat ion of  water samples. 
Robertson (1968a, 1968b) invest igated the adsorption of t r a c e  amounts of 
11 elements from sea water on var ious .conta iners .  H e  ind ica ted  t h a t  
certain t r a c e  elements ( e spec ia l ly  i ron ,  indium, scandium and s i l v e r )  
a r e  s i g n i f i c a n t l y  adsorbed. on conta iner  surfaces  when s to red  i n  g l a s s  
and polyethylene- This adsorption can be  .prevented by ad jus t ing  t h e  -pH 
t o  1.5 with hydrochloric acid. ,Smith's (1973) r e s u l t s  w e r e  i n  agreement 
t h a t  a pH of 1.5 i s .  necessary t o  ensure me ta l s  remain i n  solut ion,  
Shendrikar, e t  a l .  (1976) s tud ied  the adsorption cha ra . c t e r i s t i c s  of 
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barium, beryl l ium, gadmiurn, manganese, lead, and z inc  on Pyrex, f l i n t  
g l a s s  and polyethylene. , Eichnolz, Nagel and Hughes (1965) found 
b o r o s i l i c a t e  glassware is pre.ferable over polypropylene fo r  the s to rage  
of most metals.  Robeztson (1968a). noted tha t  s i g n i f i c a n t  amounts of 
zinc,  i ron ,  antimony, and 'copper may be contained 5.n polyvinyl c h l o r i d e  
(PVC) well-casing and that. polyethylene contains.  antimony. These m e t a l s  
p o t e n t i a l l y  may leach f romthese  mater ia l s  and p o l l u t e  contact ing-water .  

Fac tors  commonly associated with the  adsorpti.on of meta ls  a t  low 
concentrat ions on container  wal l s  include.: 1 )  concentrat5on, 2) pK, 3) 
contact.  t i m e ,  4) container  composition, 5 )  .composition of d isso lved  
sa l c s ,  and 6 )  complexhg agents CMassee, Maessen and DeGqeij,. 19803, 
Dissolved organic carbon may also increase .  the adso'rption of  meta ls  on 
canta iner  walls. 

The adsorpt ion and .leaching of  organic p o l l u t a n t s  with va r ious  
container  and p o t e n t i a l  well-casing mater ia l s  has been s tudied  to a much 
lesser -'extent than have metals. One study of the  i n t e r a c t i o n  of  m-. 
c r e s o l  with two types o f , p l a s t i c  . . tub ing  has been r epor t ed  (U.S. EPA, 
1980). Endustr ia l  grade PVC tubing an6. bev-a-Sine. VHT tubing w e r e '  
exposed t o  the  m-cre'sol so lu t ion  fo r  varying lengths  of  t ime up t o  t w a  
hours. The m-cresol 'was progressively los'c to t h e  PVC tubing i n  amounts 
proport ional  t o  the  increasing contact  t i m e ,  while no measurable loss of 
m-cresol to the  YHT tubing occurred. 

Junk, e t  al. (1974) ,determined t h a t  organic contamination ranging 
from 1 ppb t o  5000 ppb by weight w a s  detected i n  "organic free" water  
which had Plowed through' tubes o f  polyethylene, polypropylene, b lack  
la.tex, s ix  d i f f e r e n t  formulations of PVC and a p l a s t i c  garden hose. 
Among t h e  contaminants 'found from PVC were o-cresol, napthalene, 
butyloctylfuma.rate, and butylchloroacetate .  The  amount of  p l a s t i c i z e r s  
i n  PVC Cubing is approximately 40% by weight arid represents  an 
e s s e n t i a l l y  inexhaustable ,supply of contamination. Should t h i s  supply 
of p l a s t i c i z e r s  eventual ly  be depleted the contamination w i l l  decrease  
but  the tubing w i l l  have lost i t s  f1 ,ex ib i l i ty  and w i l l  t he re fo re  need to  
be replaced.'  However, ins the case of r e l a t i v e l y  r i g i d  polyethylene and 
polypropylene tubes,  Junk.,' e.t al. (1974) found. t h a t  they .  may even tua l ly  
become noncontaminating. 

Curran and Tomson oi Rice Uncversity (1982) passed "organic free'' 
water, through f i v e  d i f f e r e n t  types of p l a s t i c  tubing, These  included 
polypropy.lene,' polyethybene, Teflon, Tygon, PVC (with g lue ) ,  and PVC 
(nongtued). Thei r  r e s u l t s  i nd ica t e  low l eve l s  of l eacha te s  from all t h e  
tubing tes ted  except no leachate were found with Teflon. Between one 
and f ive  contaminants were found. leached i n t o  the  water f r o m  nonglued 
PVC, polyethylene and polypropylene a t  less than 0.5 ppb. Numerous 

-.contaminants were found leached from glued PVC and Tygon. Two o rgan ic  
chemical spikes ,  naphthalene and para-dichlorobenzene, were not r e t a ined  
(sorbed) s i g n i f i c a n t l y . b y  any o f  the  tubing except Tygon. a 
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Leaching of organic and organotin compounds from PVC and 
ch lor ina ted  PVC (CPVC) pipe has been studied by Boet tner ,  e t  al. (1981) 
a t  the Universi ty  of Michigan. They found tha t  a l k y l t i n  s p e c i e s  and 
organic pipe cement solvent  components can leach i n t o  po tab le  w a t e r  (pH 
5 a t  37OC). For example, they found from 10 ppm ta 10 ppb of 
methylethylketone (MEK), tetahydrofuran (THF), and cyclohexanone from 
t h e  solvent  leached - into the water i n  a miniature pipe loop exposed f o r  
14 days. From the PVC pipe dimethyltin (as  dichlorzde) was found to  be  . 
leached a t  a concentration of 45 ppb a f t e r  one day of exposure a t  3 7 O C .  
During 21 addi t iona l  days of  exposure the concentrat ion of d i m e t h y l t i n  
decreased, i n  a diphasic manner, from 3.0 t o  0.25 ppb per day, Lesse r  
levels of d i b u t y l t i n  were leached from CPYC. 

* 

A recent  f i e l d  and laboratory study by Sosebee, et al. (1982) 
included assessment of the  p o t e n t i a l  fo r  contamination of ground water 
,samples by six d i f f e r e n t  PpC primers and one PVC adhesive. T€lF, MEK, 
methylisobutylketone (MIBK), and cyclohexanone w e r e  found to be leached 
i n t o  t h e  water surrounding bonded joints . .  Even though a w e l l  was 
developed a f t e r  i n s t a l l a t i o n  and bai led p r io r  t o  sampling, t h e y  found 
de tec tab le  levels ,  of these compounds i n  well water several months a f t e r  
i n s t a l l a t i o n .  Af te r  immersion of f resh ly  cemented .PVC p ipe  f o r  f i v e  
days up to  ,110 m g f l  of MEK was found. Af te r  f i v e  washings. and a 24-hour 

. equi l ibr ium the concentration of  N E K  was reduced to  about  0.54 mg/ l .  
S imi la r  t rends were noted fo r  the other   three^ po1 , lu tan ts  s t u d i e d  ' 

although the  presence of each cons t i tuent  and their r e l a t i v e  
concentrat ions var ied  s i g n i f i c a n t l y  between solvenr brands and 
manufacturers. All four compounds could ' b e  introduced i n t o  monitor  
w e l l s  by one or  more of the brands of adhesive.. Concent ra r ions  of 
contaminants declined s i g n i f i c a n t l y  with successive w a s h e s  w i th  
deionized water, from a mean t o t a l  concentration of 77 , sO.O ugrl  after .5 
days of soaking t o  a mean t o t a l  of 591 ugfl - a f t e r  being washed f o u r  more'  
times with deionized w a t e r  and soaked f o r  an addi t iona l  24 hours, 

F i e l d  sampling with a PVC b a i l e r  constructed s e v e r a l  w e e k s  before 
re su l t ed  i n  samples with low l eve l s  of THF and bEK. W i t h  a PVC bailer 
constructed 30 minutes p r io r  t o  sampling Sosebee, e t  al. found 16,000 
ppb cyclohexanone, 3,800 ppb MEK and 1,400 ppb TKF in a ground water  
sample. Contaminants i n  PVC solvents  can mask the  presence of o t h e r  
v o l a t i l e  p r i o r i t y  pol lu tan ts  t h a t  e l u t e  from the chromatograph a t  
s imi l a r  r e t en t ion  times. Por example, MEX and 1 ,Z-dichloroethane, 
cyclohexanone and bromoform, and THF and 1 I 1-dichloroethane a11 c o e l u t e  
with the  EPA ana ly t i ca l  protocol. A l l  these problems can most simply be  
circumvented by using well-casings and b a i l e r s  constructed w i t h  threaded 
PVC o r  with o the r  mater ia l s  (Sosebee, e t  a l . ,  1982). 

While PVC is the most common t y p e  of synthe t ic  w e l l  c a s i n g  m a t e r i a l  
i n  use o ther  mater ia l s  have been used or could be used inc lud ing ,  f o r  
example, a c r y l o n i t r i l e  butadiene s tyrene (ABS), s tyrene-rubber  (SR), 
polyethylene, polypropylene, Teflon and Kynar. Pet tyjohn,  e t  al. (1981) 
ind ica ted  i n  a recent  a r t i c l e  t h a t  when sampling f o r  o rgan ic  
contaminants t h e  preferred order of choice of well-casing and sampling 



. .  

mate r i a l s  include 
polyethylene, othe 

g l a s  Teflon, s t a i n i e s s  steel, polypropylen 
plast:-s and metals,  and rubber. B u t  they  i n d i c a t  1 

de ta i l ed  exper iment2  d a t a  on mater ia l s  s e l e c t i o n  are Simply n o t  
avai lable .  

Experimental Methods.. 

Three .types of well-casing materials w e r e  s e fec t ed  far t . e s t i n g  
including schedule. 40 I PVC 1120, low dens i ty  pofyethyIene,,  and 
polypropylene. All mater ia l s  were purchased from A l m a c  P l a s t i c s .  of 
I l l i n o i s , .  Inc. Polyethylene and polypropylene were s e l e c t e d  because .of 
t h e i r  p o t e n t i a l  usage and relatcvevely low cos t  Ccompazed t o  T e f l o n  ' and 
stainless s t e e l ) .  

Three general  ' experim,ents were conducted w i t h  the we'll-casing 
materials and se l ec t ed -me ta l  and v o l a t i l e  organic p o l l u t a n t s ,  These are 
l i s t e d  along with the  concentrations used in .  Table  1- Each of the six 
organic '  chemicals used is  an EPA l i s t e d  p t i o r i t y  pollutant and a 
purgeable a l ipha t i c ;  halocarbon. Drinking water .  s t anda rds  have.  been 
es tb l i shed  f o r  the two metals.  s tudied,  

i 
W2ter f r e e  of in te r fe rences ,  "organic free", was prepared  wi th  a 

Barnstead Nanopure u n i t  followed by an Organicpure unit . .  It was also 
necessary t o  b r i e f l y  boi l :  the  water t o  remove a11 purgeablos. The pH of 
the  w a t e r  was about 7,Z. All experiments were conducted a t .  about 230 C 
and &the  dark. 

0- 

I n  the first exper.iment the adsorption (up fake) of thes.e. p o l l u t a n t s  
was measured weekly :for six weeks ve r sus  con t ro l s  f o r  each  oE the c a s i n g  
mater ia ls .  Boros i l i ca t e  glass exposure chambers w i t h  40 m i l l i t e ?  
capaci ty  and Teflon l ined  caps were used f o r  t h i s  experiment.  'Zhe 
experimental set-up i s  shown i n  Table 2. T h e  same set-up was used i n  
the second experiment.. This  second experiment inc luded  an  in i t ia l  four  
week exposure of t he .  po l lu t an t s  t o  each of t h e  well-casings fol lowed by 
replacement with "okganic f ree"  water. T h e  release or l e a c h i n g  of 
adsorbed p o l l a t a n t s  'was then measured weekly for four weeks,  D u p l i c a t e  
exposure chambers were. used to  measure v a r i a b i l i t y  and the chambers were 
sac r i f i ced  s ince  no, head, space could be allowed. Each. of the well- 
casing ma te r i a l s  used f o r  these  two.exper<ments. was cut to a 3 i n c h  
length. The  sur face  areas  exposed were 60.08 square  c e n t i m e t e r s  for 
PVC; 57..17 square , cent imeters  for polyethylene, and  53-73 . squa re  
cent imeters  for polypropylene. 

The objec t ive  of t h e !  t h i r d  experiment was to de termine .  the leachkg 
of solvent  ex t r ac t ab le  Leichates such a s  p l a s t i c i z e r s  or o t h e r  a d d i t i v e s  
from each of the well-casing mater ia l s  a f t e r  exposure' fo t h e  metal and 
organic  pol lu tan ts .  The well-casing m a t e r i a l  was c u t  into 6 inch  
lengths  and exposed %1 '1 l i t e r  bo ros i l i ca t e  glass chambers for three and 
s ix  week periods. 0 The set-up f o r  t h i s  experiment is shown i n  Tab. le  3. 
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.The well-casing mater ia l  was cu t  on a t a b l e  5aw snd r i n s e d  i n  
'iorganic f ree"  water t o  remove f&es p r io r  t o  placement i n  the exposure 
chaubers. Glassware was cleaned by r ins ing  with 1:1 n i t r i c  acid, 
11 organic free" water, 1: 1 hydrochloric acid,  "organic free" 'ciater, 
methylene chlor ide,  and "organic .freeei .water. A l l  chemicals used were ._ .  ' . ' 

reagent grade or be t t e r .  - 
The sample analyses for lead and chromium were .completed with an 

Instrumentat ion Laboratory Inc.  551 Atomic Absorption/Emission 

removal of the  well-casing mater ia l  by the add i t ion  of 4-5 drops of ~ 

n i t r i c  acid. 

Spectrophotome.ter. Samples were preserved after organics  analysis and .. 
Output was the mean of t h i r t y  one-s.econd readings. 

. 
For purgeable organics ana lys i s  was performed with Hewletc-packard 

5750 gas  chromatograph and a nickel-63 e lec t ron  capture d e t e c r o r  (ECD) - 
Resul ts  were' recorded with a Hewlett-Packard 33808' i n t e g r a t o r .  and 
samples were concentrated with a Hewlett-Packard model 76756 purge and 
t r a p  un i t .  The column packing used was 1% (>r/w) SP-1000 on S0/80 mesh 
Carbopack B (Supdlco, 1-'1815): .The 10 m i l l i l i t e r  sampIes %ere purged 
with 40 mi l l i l i t e rs  per minute helium c a r r i e r  gas  f o r  10 minutes and 
desorbed a t  250° C. Auxiliary gas was ?5%. methane i n  argon a t  110 . - 
mil l i l i t e r s  per  *minute. T h e  ECD temperature was 320° CL The 
temperature program was 45O C f o r  3. minutes and increasing. aZ 89 C per  
minute t o  a f i n a l  temperature of 1950 G f o r  8 minutes, An i n t e r n a l  
standard,  l-chloro-2-bromopropane, was used, f o r '  'calibraZ5ion. and 
i n t e r p r e t a t i o n  of r e s u l t s .  . .  

For the  ana lys i s  of ex t rac tab les  i n  the t h i r d  experiment a E e w l e t t -  
Packard 58808 gas  chromatograph w i t h  a flame ion iza t ion  d e t e d o z  (FID) 
was used. Resul ts  were recorded with a Hewle t . t -Packd 3388A 
repor t ing / in tegra tor .  Sample preparat ion included e x t r a c t i o n  of B l i ter  
with methylene chlor ide using separatory funnel techniques. The e x t r a c t  
was then  d r i ed  and concentrated i n  a Kuderna-Danish flask t o  1 
m i l l i l i t e r .  An intect ion '  ( s p l i t l e s s )  of  about 1 m i c r o l i t e r  was then 
made of t h i s  concentrated sample onto a 15 meter J & W DB-5 (Durabond) 
fused s i l i c a  cap i l l a ry  column and detected by flame ionization (FID). 
The temperature program was i n i t i a l l y  40° C and increas ing  a t  8" C per 
minute to  a f i n a l  temperature of 250° C. Nitrogen w a s  t h e  carrier gas. 
Kass spectroscopy was performed on sePected samples with a FZxmZgan 3200 
GC-MS system and 6100 In t e rac t ion  data  system. 

Qual i ty  assurance requirements followed those g e n e r a l l y  given by 
EPA f o r  metals (U.S. EPA, 1979b) and those given f o r  orgartics ana lys i s  
(U.S. EA, 1979a). For metals ana lys i s  c a l i b r a t i o n  s t a n d a r d s  were 
prepared and the s e n s i t i v i t y  l i m i t ,  l i n e a r  range and a n a l y t i c a l  
p rec is ion  f o r  each metal was determined, The a n a l y t i c a l  technique was 
demonstrated to  be interference f ree  and c a l i b r a t i o n  s t anda rds  were 
analyzed dai ly .  For the ana lys i s  of v o l a t i l e  organics  t h e  s e n s i t i v i t y  
l i m i t  and l i n e a r  range of the purge and t rap  - gas chromatography system 
were first determined fo r  each compound. The entire system was 
demonstrated t o  be in te r fe rence  f r e e  on a' da i ly  b a s i s  by t h e  a n a l y s i s  of 



I t  'an organic  freecs water blank. The system was a l s o  c a l i b r a t e d  d a i l y  
with a midrange concen&ation l eve l  of the i n t e r n a l  s t anda rd .  The 
accuracy and precis ion of the ana ly t i ca l  system was de te rn ined  by the 
ana lys i s  of r e p l i c a t e  and. f o r t i f i e d  samples (U.S. EPA, 1979a). Resul t s  
of t h i s  ana lys i s  is, showp i n  Table 4 .  The mean percent  r e c o v e r i e s  and 
the assoc ia ted ' s tandard  deviat ions a r e  within acceptable  l i m i t s .  

Resul ts  and Discussion 

The '  r e s u l t s  of t h e ,  adsorption experiment and . t h e  
adsorpt ion/ leaching ,experiment are descr ip t ive ly  ,summarize6 i n  Tables  5 
through 7 f o r  organics. Tables 8. and 9 descript-ively summarize the  
r e s u l t s  f o r  the  chromium (VI) and lead adsorp t ion  and leaching 
experiments. The te rns  s l i g h t ,  moderate and mostly i n  these t a b l e s  a r e  
used i n  the  following way. , S l i g h t  adsorpt ion means that  about 25 
percent of the chemical .in adsorbed compared t o  t h e  c o n t r o l s ,  S l i g h t  
leaching means about: 25 percent  of t h a t  chemical leached compared to the  
amount adsprbed. ' Mode.rate adsorption i s  defined a s '  about  50 percent 
adsorptron versus the controls .  About 50 percent  leaching  compared to  
the  amoant adsorbed is .defined a s  moderate. leaching. A chemical  is 
described a s  mostly ,adsorbed when 75 percent.  or more is- adsorbed on t h e  
well-casing compared to  cont ro ls  and moderate l each ing  means at least;  75 
percent i s  leached compared t o  the  amount adsorbed. 

During the f i r s t  ( a d s o r p t h n )  and second (adsorp t ion / leaching)  
experiments i t  was found t h a t  t h e  PVC well-casing m a t e r i a l  d i d  n o t  
adsorb o r  leach ( r e l ease )  f i v e  -of the six organics  teated. Only 
te t rachloroethylene was adsorbed t o  a s l i g h t  t o  moderate e x t e n t  (25 to 
50 percent re ta ined on the  well-casing versus controls).-  This 5s shown 
in Figure  1. The maximum adsorpt ion of t e t r ach lo roe thy lene  found w a s  
about 0.6 nanograms pe r i  square centimeter of wel l -casing material, 
S l i g h t  leaching of : te t rachloroethylene c less  than 0.08 nanograms per  
square centimeter) +as obs'erved i n  the second experiment as shown i n  
Figure 2. 

A L I  s i x  of t h e  organic chemicals tested adsorbed t o  a moderate or 
g r e a t e r  ex ten t  t o  polyethylene, Tetrachloroethylene was completely 
adsorbed while ha l f  ' o r  m d r e  of each of .the o the r  f ive chemicals was 
adsorbed onto the . well'casing. For 'example, t h e  a d s o r p t i o n  of  
t r ich loroe thylene  t o .  each .of  t h e  well-casing m a t e r i a l s  t e s t e d  is shown 
i n  Figure 3. About 1.05 nanograms per  square cent imeter  w a s  abmrbed  t o  
the  polyethylene a f t e r  seven days of exposure. While t r ichloro4thylene 
d i d  no t  leach o r  was not re leased to  a grea t  e x t e n t  '€rorn any of t h e  
well-casing mater ia l s  about 1.7 nanograms p e r  square cen t ime te r  of 
bromoform was adsorbed to  polyethylene and about 1.2 nanograms per 
square centimeter leached, or was re.leased. This  was aboplt t h e  same 
whether exposed only .to the s i x  organics or when exposed t o  =he. s o l u t i o n  
containing the s i x  organics and the two metals. A ' s 2 m i l a r  adso rp t ion  
pa t t e rn  was found for 1,1,2-Trichloroethane on polyethylene as shown i n  
Figure 4 .  About 4.8, nanograms per squar6 cent imeter  were adsorbed and 
about 1-3 nanograms per square centimeter leached. 

-6- 
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A s  noted i n  Table 6 and shown i n  Figure 5 t h e  r e l e a s e  of bromo.form 
was delayed. The experiment was not  designed to  determine the r e l e a s e  
mechanism but  one poss ib i l i t y  t ha t  has been suggested is. t h a t  some 
microbiological a c t i v i t y  may be the  predominant infl.uence. 
Tetrachloroethylene was completely adsorbed by ' the f i r s t .  week on 
polyethylene and did not leach. Two of t h e  o t h e r  chemicals, 1,1,2- '. 

Trichloroetliane and- l , l , l -Trichloroethane,  were r e l e a s e d  to  a s l i g h t  
ex ten t  (about a quarter .  of the.. amount. adsorbed w a s  re leased) .  Lesser 
leaching.  w a s  found with the other  two pol lu tan ts ;  A l l .  six organic 
po l lu t an t s  t e s t ed  adsorbed to polyethylene t o  au e q u a l  or g rea t e r  ex ten t  
than t o  e i t h e r  PVC o r  polypropylene. 

Four of t h e  organics tes ted- 'adsorbed to a moderate ex ten t  (50 
percent) o r  g r e a t e r  t o  polypropylene well-casing.. The. adsorpt ion of. 
t r ich loroe thylene  to  polypropylene is shown i n  F i g u r e  3. The adsorption 
of ' l , l , l-Trichloroethane is  shown i n  Figure: 6. As can be seen 

. a d s o r p t i o n . t o  polypropylene was intermediate in extent between PVC and 
polyethylene and the r a t e  of adsorption w a s  de layed  compared to 
polyethylene. No addi t iona l  leaching was found after about t h ree  weeks 
of exp0sur.e. This  was general ly  the trend for a'J.1.. o f  the  o r g a n i c .  
po l lu t an t s  except te t rachloroethylene which was c o s p l e t e l y  adsorbed by 
the f i r s t  week. About 0.8 nanograms per  square cent imeter  of l,l,l- 
Trichloroethane . were. adsorb.ed . and about 0.14 nanograms per square 
centimeter were released o r  leached with po,Iypropylene. Bromoform 
leached o r  was' re leased,  a s  shown i n  Figure 5 ,  from polypropylene. 
About 1 nanogram .per square cent imeter ,  of broaoform adsprped on 
polypropylene and all  of  t ha t  was released al though delayed by about 
th ree  weeks. Fof two other  po l lu tan ts ,  l , l , , l - t r ich loroe thane   and^ 
t r ich loroe thylene ,  about 25 percent of the amount adsorbed was released.  
As with polyethylene, a11 of the  te t rachloroe thylene  w a s  adsorbed and 
none. of it was released from the polypropylene well-casing mater ia l .  

A s  shown i n  Table 8 chromium. (VI) d id  not adso rb  to any of t h e  
well-casing mater ia l s  t o  any s ign i f i can t  extent.  when in the so lu t ion  
with lead. When i n  solut ion with lead atid the  six other organics,  s l i g h t  
(25 percent)  adsorption (about 125 nanograms p e r  squa re  centimeter) o f  
chromium was observed. No s i g n i f i c a n t  1.eaching of chromium was found 
from any of t h e  well-casing mate,r ia ls  with any of t h e  treatments.  

Lead w a s  found to' adsorb to the  g rea t e s t  e x t e n i  fabout 75 percent)  
t o  PVC and about 50 percent t o  polyethylene and polypropylene. An 
example of the adsorption of lead t o  PVC is shorn i n  f i g u r e  7. In t h i s  
experiment about 400 n.anograms of lead were adsorbed. An example of the  
delayed adsorpt ion of lead t o  polyethylene is shown .in F igu re  8.. About 
170 nanograms per square centimeter were adsorbed.' 

No s i g n i f i c a n t  leaching or re lease  of lead from any of the  w e l l -  
cas ing ma te r i a l s  was. observed when -in . so lu t ion  w i t h .  chromium only. When 
the metals and .organics were exposed t o  the well-casing mater ia l  about 

A slow and n e a r l y  constant r a t e  
of r e l ease  of  lead was observed from PVC and polyethylene during the  

- h a l f  of  the lead adsorbed. was released.. 

- 
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four week experiment as,  shown i n  Figures 9 and 20.  Lead was more  
rap id ly  released from polypropylene a s  shown i n  F i g u r e  11. 

No i d e n t i f i a b l e  leachates  were found in  the  t b i r d  experiment from 
any of the  well-casing mater ia l s  examined. T h e r e  were  no d i f f e rences  
between exposure of the well-casing mater ia l s  t o  w l y  ehe two metals, 
only the s i x  orgaGics or t o  a so lu t ion  con ta in ing  the  metals and . 
organics. Some leachates  may have been present  e i c h  were below t h e  
de tec t ion  l i m i t  of the  ana ly t i ca l  technique used. No  in t e r f e rence  wi th  
flame ion iza t ion  de tec t ion  was found a f t e r  liquid!liquid ex t r ac t ion  and 
approximately a thousand ' fold concentration, Leaching of  p l a s t i c i z e r s  
or other  add i t ives  might be  g r e a t e r  when exposed to o t h e r  p o l l u t a n t s  and 
under flowing water conditions.  

Conclusions and Future .Direc t ions  

T h i s  research examined. th ree  types of well-casing ma. ter ia is  exposed 
under s t a t i c  (batch) condi t ions t o  two metal p o l l u t a n t s  and six v o l a t i l e  
organic pol1utant.s. , It was general ly  found t h a t  schedule  40 PVC causes 
less monitor.ing in te r fe rences  with v o l a t i l e  o rgan ic s  than polyethylene 
or polypropylene under. the condi t ions of t h i s  e x p e r k n t .  Kowever, some 
v a r i a t i o n  by chemicjl was. found and t e t r a c h l o r o e t h y l m e  w a s  adsorbed by 
each well-casing mater ia l  w i t h  l i t t l e  or no subsequsnt r e l ease  observed. 
Adsorption and leaching ( r e l ease )  of the  organic  p o l l u t a n t s  examined 
were more rap id  with polyethylene than polypropyleae and were sl~owest 
with PVC 'well.-casing. 

Lead reached a maximum leve l  of adsorpt ion in about 2 weeks with 
PVC, from 2 t o  5 weeks u i t h  polyethylene, and in I t o  4 weeks wi th  
polypropylene depending on the treatment.. The release of  lead a f t e r  an 
exposure per iod a l so .va r i ed  by treatment ranging fbes 1 t o  6 weeks wi th  
polyethylene and polypropylene, and 4 t o  6 weeks with PVC. The 
adsorpt ion and r e l ease  of ,  lead w a s  more rap id  when in  a so lu t ion  w i t h  
chromium and the six other  v o l a t i l e  organics  examined than when i n  a 
so lu t ion  with only chromium. Chromium (VI) did  nor adsorb o r  leach w i t h  
any of the well-casing mater ia l s  examined.. Also, no e x t r a c t a b l e  
po l lu t an t s  were leached t from the  well-casing = t e r i a l s  under any 
treatment and the condi t ions of t h i s  study. - 

, '  
Organic po l lu t an t s  were adsorbed and r e l eased  aaL a r . e l a t ive ly  sSow 

r a t e  with .PVC well-casing. The most rap id  ads asp ti on^ ' occ*ed w i t h  
polyethylene where no addi t iona l  adsorpt.ion was observed a f t e r  1 week. 
The r e l ease  r a t e s  ' of these adsorbed organics fro= polyethylene var ied 
grea t ly .  For example, n o ,  add i t iona l  r e l e a s e  of .trZchlorofluoromethane, 
l , l , l -Trichloroethane,  and l , l ,Z.-Ts~chloroethane was observed a f t e r  one 
week. Increasing amounts of  Tetrachloroethylene w e r e  found t o  be  
re leased  throughout the four weeks of t h e  observatiouls. 



c 

The . r e s u l t s  of the experiments t o  da te  suggest severa l  and 
i n t e r e s t i n g  questions f o r  fu tu re  research. During the next  y e a r  
addi t iona l  sources of PVC well-casing and other  well-casing ,materials 
including h S  w i l l  be examined. Similar experiments to those repor ted  
here  w i l l  be conducted on those mater ia ls  with h igher  concentrations of 
addi t iona l  po l lu tan ts  such a s  selected phenols, phthalates ,  and 
polynuclear aromatic hydrocarbons. Emphasis w i l l  b e  on p o l l u t a n t s  
l i k e l y  to be found ' in  ground w a t e r ,  less v o l a t i l e  and more po la r  than 
those exmained t o  d a t e .  It is thought t h a t  more hydrophi l ic  p b l l u t a n t s  
may be more r ead i ly  adsorbed. 

e 

Experimental .conditions similar to those encountered i n  t h e  field '. 
w i l l  be  used. This includes t h e  examination of a range'  of pW 
conditions,  exposure a t  a lower temperature, and t h e  addi t ion  of 
po l lu t an t s  t o  an organic-interference-free ground water. .The we11- 
casing mater ia l  w i l l  be exposed t o  the pol lu tan ts  for longer peri0d.s of 
time (about s ix  months) followed by an examination of how rap id ly  and at 
what concentration leve ls  t he  pol lu tan ts  a r e  released. This should 
provide a b e t t e r  . indicat ion df t h e  poten t ia l  f o r  t h e  well-casing to 
i n t e r f e r e  &th ground water monitoring e f f o r t s .  The well-casing wilf. 
a l s o  b e  examined microbiologically t o  determine 'if microorganisms are 
inf luencing the uptake an3 r e l ease  o f  any of t h e  po l lu tan ts .  

* 
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Table 31 &up for Leaching of Zxtraetablea 

Experiment 

Yell- 
Casing 

Numbera of Chambers in Treatment 

Blank Hetala Organics metala and 
, Wteri.1 

Organics 

1 1 3 1 

1 1 1 1 

1 s. 1 1 

P ~ l y p r ~ p y l ~ e .  1 1 1 1 

H O W  

PVC 

Polyethylene 

a 
., Table 41 Precision and Accurncg at Analytical Hethcd 

~~ ~~ 

E A N  PERCEKT S1AhDhF.C DEVIhIlOS 
PAW-WTER RSCOVERY 0P THE ?T=-\$ 

PERCEhT ECOPERY 

TrichlarafluoromEth.na 90.64 1.121.. 

l,l,l-Triehlorocthana 105.37 1.323 

Trichloroethylene . 92.15 0.906 

1,1,2-Trichlorocthanc 100.12 0.710 

'Bromofom 104.60 1.148 

letrachloroethyleno ~ 96.59 0.922 
. .  

. .  
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Table >: Trends of Organic Pol lu rnn t s  Exposed to-PVC Vell-Cnsing (Compared eo Controla) 

~~ 

Adamption AdsorptionlLeaehina 

Po l lu t ane  Organics Only Organics 6 t:eeolm Organic.  Only Organic. 6 & t a l %  

l , l , l - T r i c h l o r r  Ho Admrption No Adamption ' KO Leaching 
e t h i n e  . 

~ 

80 Leashing 

TrichloroeLhylcne No Adsorption Sl ighc ( 2 5 X )  . Sa Leashing. No Leaching 
Adaorpcion. . 

I,l,Z-I=ishloro- No .A<aarption No Adsorption Eo Lcash.ing No Leaching 
othnna 

Dropoforro No Adsorption No Adrorption Bo Leaching No Leashing 

Tetr.chlorocthylanc Hoderare (50X) S l i g h t  (25%) S i g h t  (252) S l i g h t  (252) 
* Adaorpeiap - Adsorption Leaching - Leaching - 

thadnorpcion? Rcndaorpcionf 

.- 

Tahlc 6: Trends of Organic Pol lu t i in ;~  Exposed to Polyethylene Ud i -Ean ing  (Conpared LOI Controls)  

Adsorption Ad5orptiodLeaching 

*miss Only Orgmica 6 Hetals Pollutanr Organics Ooty Organics 6 Werala 

I r i ch lo ro f luo ro -  Hostly (752) 
methane Adsorbed 

S l i g h t  (252) KO Leaching 
Leaching 

Trichloroethylene tbfortly (75x2 , .  Adsorbed 
H m l y  (75%) I;- Leachine ' S l i g h t  (25X) 
Adaorbed Leashine 

L,L,Z-Trichloro- HaderaCe (50%) Hodcr.%te (50%) Slight (25%) St ighc  (25%) 
ethane Adsorption Adsorption t e a e b i n g  Leachin& 

Bromoform Wderc tc  (50%) Hoatly 0 5 % )  mdernee (53%) Hoderare (503 
Addsorprian Adsorbed l s s c h i n g  (Delayed) Leaching 

. .  _ .  
Ic t rachloroethylene Adsorbed (1002) Adsorbed (1001)  ti- Leaching Ho Leaching 

_ .  
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Table 7: Trends of Organic  Pol lu tant*  Exposed t o  P~lypropylenc  IJcll-Cnains (Compmeb to Control.> 

Trichlorofluoro- m e r a t e  (50%) &.atly (75%) S l i g h t  (+I) Bo L c e i n p  
methane Msorp r ion  Adsorbid Leaching 

.. 
1.1 , l -Trichlorcr Hoderatc (50%) Moderate (502)  Slight  (25%) , S l i s h t  C25z) 
r t h r n a  Adsorption Maorption Leashing Leschiog.  

a 

Table 8: Trend* of Chromium ( V I )  Expoaed to Synthe t ic  Bell-Cnsinetiacerialn (Compnred to Cantrals) 

PVC Ho S l i g h t  ( 2 5 % )  no no 
ndmrpcion Ldrorprion &aching Lcethitzl: 

NO BO P o l p r h y l e n e  H* S l i g h t  ( 2 S I )  
Adsorption Adsorption Leaching'  Icac.hine . .  

Polypropylene No Sl igh t  (ZSZ) No no 
Adsorption Adsorption Leashing Leaching 

. .  

-15- 

. .  . .  



.. .. . 
. 

f a b l e  9: Trends of Lead Erpoaed to Synthetic Hell-Ccaing Harerials (Compared to  Controt.) 

Adsorocion Adaorpc ionlLeishinR 

Cniing Hataris1 HerC%1. Only Hetrls 6 Organic. Ihccla Only HeCats.6 Orcaa.riso 

PVC H0.ClY (75%) Hoiosrly (752) Re no¶cly 0 5 2 )  
Adsorbed Adnorbed . Leaching Lcachcd 

noat1y (73%) Polycthylcw - Hodcrate (502) Hoderare (50%) Uo ’ 
Adsorption . Adsorption Leaching Leached 
(Delnyed) 

bderate (50%)  nodcrilce (50%) no m.c1, C7ST) P.lypr0pyle.s 
Adsorption Adsorption Lcashini hached (Delayed? 

. .  
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.~ . Vadose Zone Modtoring At .  A 'bz 

.', by Robert D.. Morrison, Ke 

Introduct ion 

.- -'.. .... I . . . . .  

. .  
. .  

' I  .~ . .  
I 

. .  
. .  . .  

Introduct ion 
, .  

.A vadose zone monitoring system was. designed: far' ,a. G X a s s  r. 
hazardous' waste disposal f a c i l i t y  located. south .a f .  ArIington, . O r  
The purpose of the monitoring. netkork i s  t o  pro$& an early 
-detect ion system f o r  t h e  t ransport  of any conta&ants.Erom.exis 

. .  and proposed waste impoundments and to  provfde, a mechaafsm f a  

. .  

. . .  
. .  

. .  I' 'pore water collection. 

,. 

An approach which . integrated.  t h e  existing-.... 
'. . ,  . .  .: . network of lysimeters with. addi t iona l  devices to '  aetect &ange.s. 

. .  moisture content and provide s o i l '  pore water, saq'-kLng G s .  examined-:: 
F ie ld  t e s t ing  of the ex is t ing  ceramic cup l y s i m e t s s  and. l a h a r a t  
t e s t ing  of various prototypes . resu l ted  i n  t h e  devefop&nt of a 

if .the matric potentic1 reaches a value near. satuzrati,on, . the  I i q u i d  
within the un i t  i s  withdr.awn-' 
to  .function as a lysimeter. A similar proceduak be, us&.f  
ex i s t ing  lysimeters t o  .function as tensiometers.. - 

Instrumentation selected f o r  terisiometer measur&ments..'con 
of both an automatic.Scanivalve system and manualry read Baurd 
gauge. The use of the Scanivalve system i s  to  be employe6 for 
pond under which.22 u n i t s  are t o  be installed. '  I n s t a l l a t i o n .  o 
Scanivalve commenced on the f i r s t  week of gecemher 1983- The 

' .. instrumentation consisted of a 2 4  poin t ,  f l u i d  switch. wafer; a. 
transducer and d i g i t a l  read out.  Bourdon gauges .were used in- 
where the dis tance between the tensiometer/lysimeter was .not  

' 

conductive t o  a central ized recording system. 
' 

possible point and l i n e  source leaks f r o m  a waste impoundment.. The. ' : ,  I.:; . 
r e s u l t s  from .these calculat ions,  in addi t ion,  to' determinat ion of t h e  ' . 

maximum r a d i i  of influence f o r  a tensiometer and Lysimeter; provided .''ij. " '  

the information necessary f o r  determining sample2 depths. ,an& 

~. 

- purpose unit .  The dual purpose.device .fuuctiow.-as a tensiometer and . ' '  .. 
. ,.~: .-. 

The' u n i t .  is thea  evacuated sub 

A sampling gr id  was designed by calculat ing the.  df is t r ibut ion of  ', *:: 

. . .  Physiographic S e t t i n g  . .  
. .  

The Arlington f a c i l i t y  is located approxiAte ly  L40 m i l e s  . . eas t .  
'Portland, Oregon, 7 miles south of t he  Columbia River  and 15 m i l e s  
from the town of. Ar lhgton-  
Chem-Security System which is a subsidiary of Waste Hanagement. 
of Oak Brook, I l l i n o i s .  
e levat ion ranging between 900 and 980 f e e t l n  a semi-arid region. 
average yearly prec ip i ta t ion  is about 9 inches with a n  q u z l  
po ten t ia l  evaporation of about 60 inclies. 

a major regional geologic s t rucfure  produced durLng , the Cascadian 
Orogeny. The formations i n ' t h e  v i c in i ty  of the s i t e  a r e . p r i m a r i l y  . .'..': 

volcanic i n  or ig in 'and 'cons is t  of four  b a s i c  groups.. 

The 320-acre s i t e  is, operated by 

The f a c i l i t y  is s i tua t ed  'on. a plateau a t  a 

. -  

The s i t e  i s  located within the Dalles-UmatiLLa syncl ine  which 

. . , . . . .  

These deposi 
. .  - *  . .  

. . .  
... .: 

a . i  

. . . .  
I ,  
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from the youngest to  the 
formation, (3)  Yakima bas 

.YakZma-basalt and Columbi 
encountered within the  up 
major unsaturated zone sediments. The 
se r i e s  of loess ,  . t a lus  and alluvium t o  
Dalles formation underlies t h i s  group 
volcanic ash, .breccia, a l l u v i a l .  gravel 

.: f e e t  'helow t h e  's i te and within the Y 
evidence suggests tha t  a perched wat 

- top of t h e . b a s a l t  a t  a depth, about 2 
: The ,si te .presently cons i s t s  OF. 
f o r .  solar evaporation and treatment 
.for so l ids  disposal  and a land t r ea t  
impoundments range i n  s i ze  from 0.25 
0.75 t o  6 acCes. Averag 
between 40-50 . feet  deep 
replacement.of severa l  of the smal 

The only documented 

Monitoring Systems 

A var ie ty  of ac t ive  
reviewed t o  assess  t h e i r  
detection system. This 
passive techniques as  tensiometers 
moisture blocks (William 
thermocouple psychromete 
probes (Wechsler e t  a l .  
(Brakensiek e t  al.  1979; 
a l .  1969; Yadav et a'l. 1979), e l e  
Hoorn 1980; Topp et  al.. 1982) and 
e t  al .  1982, Anderson et a l .  1980 
included ex t rac t ion  of soil cores 
plates  and tubes (Haines et. a l .  1 

"(Shaffer et al. 1.979) and absorbe 
T h i s  'review suggested t h a t  an in 
changes i n  s o i l  moisture content 
sample would provide an opt imum 

functioned as  both. a t 
electrode array appeared to  be m 
would rely upon t h e  tensiometer 
changes ' i n  s o i l  moisture .content 
evacuated to function as a l y s i m  
radioactive t racers  introduced i 
geophysical approach w a s  we'll do 
a l .  196ij, a commercially avai la  
unavailable. A prototype was t h  
to  assess the f e a s i b i l i  

A monitoring netwo 
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Tensiometerhysimeter ..' ' r . 

The prototype i l l u s t r a t e d  .in Figure 2.was8 
t h e  f e a s i b i l i t y  of using i t  i n  the capacity O f ' a  ~- " . ' 

tensiometer/lysimeter. 
inch long 7/8 inch diameter. O.D. ceramic cup te  

The dual ,purpose uni t  cons is ted  of .a skvee- 
- 

bar entry value. 
capable of witbstanding pressures.  of 600 ps i? ,  '''& fLci3.ngs were b r a s  
,with an inner  support tube, which proviaes a leakproof  a z d h i g h  
s.trength system f o r  f i e l d  applications.  Einear polyethylene *tubing-  
was selected s ince  i t  has a low gas diffusion rate.. 
tubing'was '.used f o t  most instal la t , ions.  although 114 i n c h  Q.?., tubi 

The.cap was f i t t e d  w i t h  l inear .  polyechelene &bi 

A. 5./15 inch 0 
' , .. 

' . ' :* .<i.'$,.i& .., :. .'., . ' , I :  ;;, .:. 11-1  ,_ bt;& A number of i nne r  diameter tubing and l eng ths  w e r e  ~tesced. to. :! ~ ~ ~ ~ . ~ ~ , ~ ~ ~ ~ . , ~ ~ , ~ ~ ~ ~  
,. ' 2  I, sr'--' ~ .. . .,x .* .. 

. .  . . . .  . .  , ~ was also tested.. ' ' 

I . . '  

assess t h e  influence of the . inner  diameter and . length  upoti u n i t  . J '  .; 
s e n s i t i v i t y  t o  moisture changes when used. as a tensiomete 
with lengths o f  tubing up t o  '51.0 f e e t  long betweerr. t h e  
pressure moni.toring instrumentation.were found. to  maiupr 
sens i t i v i ty  t o  changes Fn moisture content ( t e n s f i m t  
samples could a l so  be col lected a t  these d is tances  when the u n i t . w a s  
converted t o  func.tion as  a lysimeter. 

,Two types of tensiometer instrumentation w e r e  f i e l d  test.ed and 
included an automatic Scanivalve system (FLgure'-3). an 
gauge. The Scanivalve arrangement consisted o f  ,a 24-point f l u i d . .  . 

switch wafer, a pressure transducer and d i g i t i a l  :reado,ut and automa: 
pressure ,monitoring system i n  the form of a %-port waEer s w i t c h  and 
pressure transducer (Williams 1978; Anderson and Burt. 1977). , 

The system continuously monitors one of the 22 tensFometer/lysime 
and the t i m e d  24 port  wafer switch automatically changes dependi 
upon which un i t  i s  being recorded. Matric po ten t i a l s  from all 22 
tensiometers can be recorded within one hour. The e 
system i s  powered by '12-volt ba t t e r i e s  enclosed in a separa.te. ho 

The Bourdon gauge was used i n  cases where 'dis tances  betwe 
did not warrant a central ized recording system- Su 
housing consis ts  of a 1.5 f ee t  diameter 6 f ee t  long steel casi 
which the Bourdon gauge and valves were attached.. 

: .: . . 
. . . .  . - .  . 

Twenty-two tensiometers/lysimeters were routed t o  t h e  Scanivalve. 

Geophysical Array 

In cases where the monitoring -system could be i n s t ax led  pr io  
l i n e r  i n s t a l l a t i o n ,  an i n  s i t u  geophysical a r r ay  was h s t a U e d .  
primary emphasis of the array is for shallow leak de tec t ion . and  . 

horizontal  moisture content prof i l ing.  

16) .  Impoundment pond 8, which i s  200 x 200 feet., has  a 12  probe 
a r ray  in s t a l l ed  i n  the form of 8 equally spaces probes, surrounded 
cen t r a l  probes. A Schlumberger array is therefore  a v a i l a b l e  whic  

o u t s i d e  the  impoundment boundaries i f  deeper p r o f i l i n g  i. 
necessary. 

'.. 

Geophysical arrays were in s t a l l ed  for two impoundments. (8 and 

be  used i n  several  directions. Additional probes can be instal led ,::: . 

The geophysical array under Pond 16 ($00 I 400 f e e t )  
r,:; ,; _I ., 
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. '  ', consists of '25  equally spaced probes. (5 

probes around the center.. (Figure 4). 
'variety o f  profiling including Schlumb 
arrays. Since the actVal resistivity 
detection purposes,. apparent resistivity contonr .maps ca i  .be ..prepared.. 
and compared over time.. The geop 
coyerage under- the impoundment althoug 
change the resistance between potentia1:probes. 

The geophysical probes consist of 
lead sheet connected to 3000 volt, 12 

. . , . inside ..PVC,.tubing to a central panel. 
: - . ,  ':screws on a Lexan plas.tic board which: 

. .  .. ' . '  : geophysical probe geomet'iy.. This fac 
i -for .various, profiling . .  .arrays. - ' 

' . ,:. . <  , ~ . '  : 
Convbrsion of Existing Lysimeter 

P;, existing network of ceramic 
the -impoundments and trenches. . Fie1 
determine whether these units.could. 

. 

. . , .  
-1 . _. 

. .  ;. tensiometer/lysimeter. . . 

The existing lysimeters were'te 
significant leaks existed. in, the uni 
whether the-unit could be used as a 
significant 'leaks were observed wer.e 
installations which indicated a clos 
distilled water until no air bubbles 
the %ysimeter pressure or vacuum 
distilled water and one end conn 
opposite .end .tube was stoppered. A 
system to reach equilibrium. Units 
similar .to background tensiometer va 
were deemed.functiona1 as lysimeters. 

While this testing demonstrate 
the effects of slow leakage via dif 
leakage at. the connection areas cou 
24-hour testing -period. The o$erat 
therefore require that the units be 
total of .23 existing lysimeters wer 
tensiometer/lysimeter units along w 
valves, Bourdon gauges and surfa 

Tensiome t.er /L ysime t er Unit De 

The horizontal and vertical s 
were important f,or several reasons 
ceramic cup 'lysimeters required th 
form a reliable detection grid. 
critical' since the installation 
would optimize unit performance. 
.as a lysimeter and tensiometer was 
either point or line source leaks. 
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estimated f o r  ag r i cu l tu ra l  i n f i l t r a t i o n  purposes; 

unsaturated. hydraulic conductivity funct ion l e a d  to; soXutiom 1 o f  the. 
hydraulic head d i s t r ibu t ion  around a lysimeter..~ ' F i d - t e  diffe:rence.. ; 
models a r e  ava i lab le  which ca lcu la te  head d is . t r ihu t+ks  over,. t ime, :  
which ind ica te  . t h a t  a f t e r  20 days of continuous, extm 
of influence of the lysimeter is about 4 inches,for :  a Xaess sad. 

. .der Ploeg and Beese 1.977). The radius of. influence- o f  a Line .source 

.~ (horizontal  pipe) has been calculated at  about 9. inches. .for.  c l ay  loa 
~' . 8 inches f o r  sandy loam (Thomas e t  al. 1976) .S Line, source" rad 

: ,  . of . inf luence should be.Similar. t o  t ha t  of a point ... source- 
4 ' .  . , Warrick and Amoozegar-Far.d (1977) employed a:diffffent apprba 

by defining t rans ien t  flow through a ceramic disc-for .  time approaching, '' 
i n f in i ty ,  which approximates steady-state conditions-. . 'This Apploa 
r e s u l t s  i n  the radius  of inf luence f o r  t h e  718 inch OD.lysimeters~ 
inches in coarse s o i l s  to  about 18 inches f o r  t h e  f j n e s t  s o i l s ~ .  This  . .  ' 

r e l a t i v e l y  small calculated diameter'of i n f l u e n c e . i s . ~ a c t u a l l p  . 
considerably l a rge r  when considering the ef f.ec.t of .lateral. s p r e a d i  
of a point o r  l i n e  source leak. I n f i l t r a t i o a  Erom a b u r i e d ~ p o i n t .  
source t o  a buried s ink (tensiometer) was e s t ima ted . fo r  steady-st 
conditions (Varrick e t  al:' 1980).. 
l i n e  from the point o r  d i s c  source w a s  shown to e x t e n d l a t e  
radius of 10  f e e t  at  a depth of 11.5 f ee t .  Other researche 
tha t  flow from a point source i n  the vadose zone~:Ss U h e l y  to have. 
l a t e r a l  spreading approximately.equa1 t o  1 t o  3 times the 1at.eral 
i n f i l t r a t i o n  (Raats 1971; Ben-Asher e t . a l .  1978). . A uxit 10 .feet . . : 
below the impoundment w i l l  mos t  l i k e l y  de tec t  a leak. from- a d i s t ance  .-'. 

' ' The -radius of influence of a lysimeter  .has been,-pri 
%ahorateW' .: . '. , : 

' experiments and numerical modeling of the rad iaLf low equat ion and."  . 

. .  

:. '.,'~, 
. .  

. .  

A 30 cbar s o i l  matrXe p o t e u t i a l .  

' 3 ,  ". . .... , of 10 t o  .30 f e e t  l a t e ra l ly .  , -  
A second type of 'leak resu l t ing  from a' l i n i n g  t e  

approximated by l i n e  source i n f i l t r a t i o n .  
approximated a t  1 t o  3 times t h e  v e r t i c a l  distance. tr,xveled 
and Thomas 1973; 'Gi l ley and Allred 1974; Warrick .and Lomen 

La te ra l  spreading is 

' ! .  ' , - 
*, .. . 

Monitoring System Ins t a l l a t ion  -- .------; 

Two types of i n s t a l l a t i o n  procedures were rkquired for.tEre 
(1) i n s  t a l l a t i o n  of addi t ional  tensiometer/lysfm&ers 
ceramic cup lysimeters a t  ex is t ing  impoundments,. and (2) i 
of tensiometer/:lysimeters and geophysical a r r a y s : i n  new frnpoundments.. 

Additional tensiometer/lysimeter un i t s  w i l l  soan be 
s l an t  d r i l l i n g  techniques for  ex is t ing  impoundments-. An 
d r i l l  rig w i t h  Odex casing was used f o r  t h i s  purpose!- 
s i l i c a  f l o u r  slurry was used f o r  back f i l l  t o  optimize t h e  
sampling radius. Tubing from the  device w a s  routed to th  
where i t  w a s  attached , to  a Bourdon gauge and associated.housing-  

Tradi t iona l  v e r t i c a l  d r i l l i n g  techniques. were employed f o r  . 
tensiometer/lysimeter placement for  the' new and r e l i n e d  impoundme,nts,r 
Unit tubing .was routed to the  s ides  of t h e  pond in PVC which w a s ,  
placed i n  a .3-feet deep trench. 
tensiometer f lu id  which consisted of a mixture.of. 48. perc  

'.',:. 

A 200-mesh. 

A l l  uni.ts were . f ixled with a 

* . : ,  
: ,  ~. 

. .  
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' ' glycol, 2 per.cent surfactant and 50 p 
3 .Ethylene glycol was selected to both  inh hi 
eliminate solution freezing i n .  the line. 
glycol i n  the tensiometer should also 

. . waste. constituents into the tensiomet 
of tensiometer fluid.'outward, thereby ma 
detector. 

. .  I n  order to calibrate 'the Scanivalve/B 
. . to .actual in-site soil matric values, sever 

required. The gauge.readings were converted into the actual s e , l  . . 
matric potential by the following equati 

,. depth of porous cup,. altitude' and capillary 
. ... .,.. . Matric Soil Potential = P(gauge value) 

. :The P gauge and soil matric pate 

~. - 

, .  . . 
. .  . .. : ' .3.23 cbar. . . 

I .  

'.I they represent,pressures less than atmosph 
rading of -62 cbar at 20 feet, f.or exampl 
matric potential of 0 cbar (saturated soi 

.. ' _-lo0 cbar corresponds to a soil aatric PO 
a tensiometer at' a, depth of 20 feet. m e  

upon empirical calculations, although .fi,e 
,.that a surface gauge mounted tensiometer 

1 i ,  .i.: 
' .::: > . , : 7  feet should be conside,red 'maximum. '.- -. ' :,.< .!:+.:ai1 : . .  

Summary and Conclusions 
. .  . . 

. .  .. . - ..C ' 8 

The vadose zone monitoring system at the Chem-Security *Systems 
Iac., Arlington Hazardous Waste Facility integrates lysimeiers,, dual 
pufpose tensiomater/lysimeter units and 
an early warning leak detection and samp 
analysls of the radius of influence of t 
point and 1ine.source flow provided the basis f o r  optimum 
tensiometerflysimeter unit placement and density. Bench testhg of 
unit at a depth of 15 feet 'deep and with 510 feet 'of horFzastal tub 
between the tensiometer and instrumentation was successful. in terms of 
tensiometer response and 1ysimeter.sampling. AddZtionkl field 
monitoring and performance verificatfon is necessary ov.er the 'next 
years to fully ascertain the effectiveness and.Longeuity.of,th 
designed system. 
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Discusses factors that should be considered when designing a system for the COlledOn 
and analysis of water quality data. 

t 

by Steve J. Nacht I 
h E z z : d i s c u s s e s  a number 
of generic factors that should be 
considered in the design of a 
ground-water monitoring program 
for the collection and analysis of 
uaterqualitydataltsems tobring 
together a number of factors com- E mon tomostground-watermonitor- 

programs.suchas thedefinition 
objectives, number of samplers 

quired. selection of the analytical 
laboratom. etc.. which. if icnored. .. . -  ~~~ ~~~ 

can lead to the improper interpreta- 
tion of data 

able attention has been given to the 
monitoringofground-water quality. 
This is the result of legal require- 
ments. the awlability of analytical 
equipment which can detect very 
low levels of contaminants and the 
realization that aquifers can be 
easily contaminated. Ground-water 
nionitoring is required under sev- 
eral federal laws. including the 
Resource Conservation and Recov- 
ery Act (RCRA). RCRA requires 
ground-water monitoring for many 
facilities as part of their permit to 
operate. Under the Comprehensive 
Environmental Response Compen- 
sation and Liability Act of 1980 
(Superfundl. ahazardouswastegen- 
erator is held liable for waste pro- 
duced. This liability continues even 
\{?hen thematerial hasbeenproperly 
bansferred to a transporter or to a 

In the past few years. consider: 

8 treatment. storage orh ispod site. 
In the event leachate I s  generated ‘B and moves to the ground water, he 
lemainsiiable for thesewasteseven 

5 though the genelator may have fol- 
R lowed the letter and spirit ofthelaw. 9 d 

Monitoring organic compounds 
has been made possible by recent 
refinements in analytical chemistry 
in detecting organic compounds in 
the parts-per-billion range. Wthin 
the past fewyears. ground xater in a 
number of industrialized areas of 
the country has been.identified as 
mntaminated. Even low levels of 
certain contaminants may result in 
health problems for persons utiliz- 
ing water from contamjnated aqui- 
fers, as  some of the contaminants 
found may be carcinogenic or lack 
a minimum dosage under whlch 
no adverse health effect occurs.The 
U.S. EPA is devising a ground-nater 
strategy to protect ground water 
from pollution sou~ces. 

The developer ofaground-water 
monitoring program for regulatory. 
health or environmental p u ~ ~ o s e s  
has several options to consider. 
Whenproperlydeviised. the monitor- 
ingprogiamshouldbecost-effective 
and capable of detecting contami- 
nants suspected of occurring and 
defining the evtent of contaminant 
plumes. 

Monitoring system facto& out- 
lined here are generalizations con- 
cerning the considerations that 
should be given to a monitoring 
program for either regulated or 
unregulated activities. Although 
=me state and federal regulations 
may speciFy monitoring require- 
ments.atechnidysound monitor- 
ing program should be tailored to, 
the site under study. For emple . -  
whileRCRArequiresthatthreewells, 
be installed downgradient from 
moni tored hazardous \vase sites. 
additionalwellsmaybe n e c e s q t o  

properly identify complex ground- 
lvaterconditions. many site-specific 
factors must be considered in a 
monitoring program to adequately 
define site conditions. Due to the 
\vide range of conditions encount- 
ered in nature. only a few r e c o n  
mendations cam be provided in this 
ariicle. 

Figure 1 isaflowchartdepkting 
a t p i d  monitoring pmgmm. Of 
the activities that comprise design 
and implementation of a ground- 
Rater monitoring program. empha- 
sisisplaced on definingmonitoring 
objectives. the constituents which 
should be considered for monitor- 
ing. criteria for selecting the ana- 
l@& laboratory and other consid- 
erations on which a monitorfng 
team must make decisions in order 
to collect representative data once 
well design, drilling methods and 
aspects ofwell development (Figure 
1) have been determined. Scalf et al. 
(19811. Campbell and Lehr (1973). 
and Johnson Division (1966) pro- 
vide through discussions on well 
drilling and related topics and 
should be referred to prior to devel- 
oping the portions ofthe monitoring 
program identified here. Figure 1 
should be viewed only as a general 
method for conducting a monitor- 
ingprogram.Theorder ofactivities 
may change due to objectives. site 
conditions. e t c  In addi tion. research 
progams. political conditions and 
client needs can change or reorder 
the need for some activities. 

Table 1 summarizesthecultud 
and field-related factors which can 
be used to determine which moni- 
toringcomponents should be incor- 
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dearly determine what the monitor- 

,.' ! ing program is to accomplish. %i- 
tal objectives mlght be. but are not - 
limiteh to: 

0 Meeting regulatory require- 
ments 

Determining site baseline 
ound-water quality and hydro- 

ogic conditions 
e Determining why ground- 

water quality problems are occur- 
ring in the area 

0 Determining the effect of a 
facility discharging to the ground 
water. a special situation being as 

IC 

an early xarnlng s)%em tp deter- 
mine when pollution has begun or 
has  changed in character or 
location 

':e Determining the effKt of a 
particdar.activity on the envir6n- 
ment 

e Determinin~regionalground- 
water trends and background 
ground-water quality. 

It is important to realize that 
objectives most ilkely\biU be ciody 
related to environmental. politid 
or socioeconomic conditions. his- 
tory of the problem q d  hydrologic 

Table 1 
Matrix of Ground-Water Monitoring Components to Factors to 

Consider in Designing a hlonitoring Program .. 
Included are some of the major factors affecting monitoring program 
design.The 0 indicates thatafactormayhaveapplicability in monitoring. 
although the degree of applicability may wq.  Not all factors or com- 
ponents are shown due to the diversity in ground-water conditions 
nationwide. 

Aquifer Is a Drinking 
Water or Inigation Source 
Facility Handles Hazardous 
M i r ~ r i z l s  .. ._ I 

Heavilv Used Aauifer l ~ l A l  A I *  I l l  - ~ 

Legal Proceedings A A A  A 
Required by Regulations 
Adequate Sample Volume 
Attenuation of Pollutants 

I 
Background Concentrations 
Casing/Sampler 

I 
I l l  A 

Composition 

Complex Geology A A A  

Depth Sample Taken in Well A A A  

Ground-Water Velocity B A A  

Highly Variable Conditions A A A  I -  I ,  I 

Permeability A A A  

conditions at the slte and that 
several of t h e  objectives may be 
applicable to the solution of a 
defined problem. Objectives may 
a h  change with time due to envi- 
ronmental. reguiatov, political or 
economic factors, a change in site 
ownership or in project manage- 
ment  Whenever objectlves are 
chosen. they should be clearly 
defined and recorded in writing to 
document monitoring rationale for 
future management Thh shouid 
also be done.when the objectives or 
theprogrunarechangd Documen- 
tation should include program 
objectives. piuameierj sampled, 
number of wells d i a d  construction 
details etc. as decisions are made 
This ensure ?.hat the initial 
rationale is not Iost and that the 
monitoring program is not con- 
ducted oniyfordatacoIlctionwhich 
mayhaveli ttlerelationship to object- 
ives or future site conditions. 

The definition of ground-water 
objectives is a major element that is 
undertaken during the initial 
phases of the progran To be SUC-- 
cessfd a monitoring team must 
keep the agreed-upon objectives in 
mind throughout the full course of 
the projectwhich maycoveraperiod 
of many years. A critical review of 
objectivesshouldbescheduled after 
data become'avallable for analysis 
to determine if monitoring object- 
ives are being met. A similar review 
should be conducted whenever 
objectixs are changed. The pur- 
puss of the review are to keep the 
monitoringeffortinlinewith object- 
ivesand to reduce costs.Thisreview 
procrss should be conducted by the 
ground-water monitoring team. 
management and the client and 
may also include input from regula- 
tory agencies. I t  is not unusual to 
refine the monitoring program once 
information on the site becomes 
availableby adding or deleting wells 
and chemical parameters, or by 
changingtheobjectivesof the moni- 
toring program 

Which Constituents Require 
Monitoring? 

Chemical constituents to be 
m o n i t o d  are dependent on the 
type of maten'als handled by the 
faciliry. background water-quality 
considerations. health and envimn- 
m e n d  regulatory requirements. 
aquifer uses and site geology (Table 
l).Facilitieshandling highlyhazard- 
ousmaterialsormaterialsthatarea 
nuisance [conventional pollutants 
suchas ironortotaldissolvedsallds] 
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should be considered for inclusion 
in the monitoring program. This 
requires knowledge of the facility’s 
emuent Fora manufacturingpiant 
this data may be available from the 
NPDES or RCRA permit For facili- 
ties lacking this data it might be 
necessary to sample the emuent or 
runoff over time and analyze-for 
suspected constituents based on 
process chemistry or compounds 
typical of those being released by 
the industry. 

Another approach is to use the 
phased approach developed by EPA 
for analysis of complex energy facil- 
itywastestreams(Domyet aL 1977: 
Harris et al. 19791. This approach 
may be useful for complex waste 
streams or when a thorough andy- 
sis ofwasteconstituents is desired. 
It has three levels of effort The first 
level (Level 11 provides preliminary 
analytical datathatpmducesresults 
with an accuracy and precision of 
5 ~ 2  or 3. which is sufficient to 
determine the presence or absence 
ofamaterial orcategoryofmaterial. 
While not providing data on specific 
materials in all situations, a Level 1 
analysis will pmvide data for initial 
priority ranking of what should be 
sampled. Level 2 identifies. quanti- 
fies and confirms specific compo- 
nents identified in Level 1 and pro- 
vides statistically representative 
dataas weUasconfirmation ofLevel 
1 information.ALevei 3assessment 
uses sampling and andwcal meth- 
ods with precision and accuracy 
sufficient to permit quantification 

._ of specific pollutants identified 
under previous levels. 

Background water-quali ty 
should also be determined. High 
levels ’of n a t u d y  occurring con- 
stituents may overshadow levels of 
contaminants resulting from 
human activity. For example. In 
many areas in the West ground 
water has high levels of natural 
fluoride. lead or other trace metals 

~ which maybe above drinklngwater 
standards or other use limitations. 
Knowledge of background concen- 
trations will help to define changes 
F n g  place in the -tern. 

While an enormous number of 
compounds can be suggested for 

’ monitoring. the following general 
groups ofparameters. some ofwhich 
Overlap. will most likely make up 
most of the parameters sampled 

Drinking water quality param- 
eters 

Constituents required under 
a Sutface-water discharge permit 
(NPDESI 

Constituents for mound-water 
monitodng programs-as required 
bv RCRA 

.S Healrh <ff?ctsconstrtuents for 
untq,ulated drinkingvatermntam- 
inants (Suggested No Adverse 
Response .&evels ISNARLSI) 

Constituents identified by 
state and local requirements 

Constituents identified from 
a manufacturing plant’s waste 
streamswhlch maybe toxicorcause 
asevere nuisance 

0 Consiituents of local signifi- 
cance. such as naturally occurring 
radioactive isotopes in Florida’s 
phosphate region 

Pollutants known to exist in 
the area. such as trichloroethylene 
(TCEI founding in a neighboring 
well 

e Parameters yhich may help 
explain theground-waterchemistry. 
such as dissolved gases. pH etc 

The number of parameters in a 
sampling program may \ary over 
time.Therefore. the large numberof 
parameters initially analyzed in 
many programs may be reduced 
oncesite conditionsare fullyunder- 
stood.\%en properlyconducted. the 
high initial sampling costs for a 
long-term program can frequently 
be reduced to an.economical pro- 
gramwhich provides themost infor- 
mation for the funds amiIable. 

W c h  Ancrlyticd . 
Laboralorf? 

The quektion refers not to Rnd- 
ingalaboratory. but to determining 
whichoneswill produce results that 
are accurate and precise and can 
meet project objectives. Excluding 
cost and locality, a few questions to 
ask when looking for a laboratoly 
we: 

Does the laboratory have a 
quality controllquality assurance 
program? These programs are 
designed to minimize systematic 
md random variables in the mea- 
surement and data collection pro- 
:as. provide prompt detection and 
:orrection of conditions leading to 
qroduction of poor-quality data. 
:oUect and supply information to 
describe data quality and evaluate 
werall adequacyof the data gather- 
lngprocessas Itaffectsdataquality. 
Two good information sources to 
3egin with are The Handbook for 
Snalytical Quality Control for Water 
md Wastewater Laboratories (U.S. 
EPA 1979) and NElC Policies and 
ProceduresManual (U.S.EPA 1978). 

Is the quality controllquality 
ssuranceprogram in\vriting?This 
gocument should beup-to-dateand 

. . -. 

&allable toallanalystsforrefmnm 
The program should also provide a 
feedback mechanism to inform the 
analyst ofproblems 

e Are unknown. blanks and 
spiked samples frequently used? 
These tools are helpful in early 
detection of analytical problems. 

Is thelab cleanwhenyouvisit 
it? Equipment that is covered at  the 
end of use and kept clean by the 
analyst genedy  hasabetter history 
of operation than upkept equip- 
ment Clean labs and equipment 
promoteagood environment to con- 
duct analysis and also reduce 
saniple contamination 

0 Does the lab participate in 
round robin or  other t s t i n g  pro- 
grams? This is a good tool to deter- 
mine how a lab compares to other 
labs under similar conditions. For 
instance, the state of Ohio requires 
Lhat some self-monitoring data 
obtained by regulated entities be 
analyzed at  cefiified laboratorim. 

e Is the lab certified by the state 
EPA (or equivalent regulatory 
authority) for drinking water or 
otherregulatedactivities? Certlfica- 
tion provides some indication that 
thelab iscapableofproperlyandp- 
ing samples. 

Are analfits certified by state 
agencies and also provided ongoing 
training by the lab to refresh and 
expand their expertise? This pro- 
videssomelndication that manage- 
ment and analysts are concerned 
about discharging their duties in a 
professional manner. 

e What are thelevelsofdetection 
for thevarious parameters andyzed 
by the laboratofl Same labs may 
have unnecessarily high detection, 
limits for the parameters ofin terest 
Under these conditions.alaboratory 
mayreport that theconstituentwas 
not detected and provide incorrect 
information for decision making. 

Is turnaround rapid? Will you 
be able to get results in areasonable . 
time?Tomanage thispmb1em.large 
labs are now using data processing 
systems that’interface with major 
analytical equipment. reducing 
errors and turnaround time. 

* Are sample splitting and pre- 
paration areas removed from analy- 
tical areas to reducecontamination? 
.Us. are areas and equipment dedi- 
cated fortraceanalysisofmaterids? 
These problems are becoming a 
major concern in the analysis of 
trace levels of materials to reduce 
Eontamination from dust and other 
minorcontaminants.Asequipment 
wecomes more Sensitive and the 
number of Samples increases. clean 
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. ' rooms are also becoming the norm. 

I 

.a Can confidential& be pro- 
vided regarding laboratory results. 
especially if a computer is used to 
store data and write laboratory 
reports?Access to the computer by 
laboratory personnel should be 
througha uniquecode that ensure  
that data will be kept confidential. 

These questions should provide 
an indication of what to look for in 
an analytical Iabomtov. Smaller 
labs maynotbecapableofproviding 
dloftheabove.butmaystillproduce 
verygood results. Ifnoothercriteria 
areusedduringyourvisit to thelab. 
the observation of pride in the 
analyst's work and desire to do a 
good job are signs that the labS 
management and personnel will 
most likely meet your needs. 

Should One Well or Clusters I 

Be Used? 
Location ofa  plume orcontami- 

nated water can be a hit-or-miss 
proposition. due to the density of 
the plume with respect to ground 
water. variations in permeability. 
heterogeneity of aquifer materials 
and other aquiferconditions. While 
odor may be used to detect some 
compounds. this simple test to 
detectpollutants maynotbe helpful 1 when low levels o l  pollutants are 
involved. which may be further 
diluted in concentlation if the weU 
is open throughout the full aquifer 
thickness. Detection of trace qua- 

D 

ties of compounds in the park-per- 
billion range can be subject to 
sriinple contamination and sample 
noise. indicating that aquifer con- 
tamination may or may not exist 
Under these conditions, considera- 
tion should be given to installing 
clusters ofwellsatMrious depths to 
sample smaller vertical segments of 
the aquifer. Fenn et al. (1977) sug- 
gested the use of three cluster 
anangementswhen contamination 
from a IandfiU is suspected.: 

At the top and bottom of the 
aquifer 

* Adding a third well to the 
above in the middle of the aquifer 

0 At preselected intervals (such 
as every 3m 110 ftl). 

This technique can also be used 
if sevenl  aqulfers underlie the We. 
If hazardous materials are sus- 
pected of occurring at the site. care 
should be taken not to spread con- 
tamination by installing clusters of 
wells (or piezometers) in a single 
borehole that will interconnect the 
aquifers. If clusters are used in this 
situation, all welis in a cluster 
should be dedicated to a specific 

aquifer. 
Several factors which may affect 

the number ,of weils d e c p a r y  
include pollutant attenuation (if 
known). background concentra- 
tions for the constituents under 
study and other. hydrologic para- 
meterswhichwill influence contam- 
inant movement. A number ofthese 
factors are identified in Table 1. 

Under certain conditions where 
the aquifer is thin (i.e.. on the order 
of several meters], the geology 
simple, the density of the plume 
about equal towaterand theveloci- 
ties low. one wen open over the 
entire thickness may be used to 
detect contaminants. 

Although installation of wellsis 
e,xpensive. the analysis of trace 
organic compounds (for evample 
the 129 prioritypollutants-mostly 
organics), can easily cost S1.000 or. 
more per sample. By specifying 
c1usters.itmaybepossible toreduce 
or a t  least not greatly increase 
sampling and analytical costs while 
allowing for a more representative 
sampling over the aquifer's thick- 
ness and increasing chances for 
plume detection. Stii. contaminants 
may not be detected. ' 

Number of WeUs Necessary 
to Determine Areal Extent of 
Pollution 

Considerations are similar to 
those in the previous section. As a 
plume cannot be readily observed 
withoutwells orotherdebfces.some 
exploratory weUs may need to be 
installed to provide preliminary 
information prior to a commitment 
for a fall monitoring progmm. In 
many instances: conductivity. sur- 
face resistivity or temperature sur- 
veys can be used to define a plume. 
as plume3areusua[lymoreconduct- 
ive or may be wanner than native 
ground water. When pollution is 
significant all three methods can 
usually produce an obvious demar- 
cation. Knowledge of site soils and 
geology. specifically composition and 
variability, relative permeabilityand 
geologic structures. are needed to 
determine general plume geometry. 

As is the situation with most 
aspects of groundwater monitor- 
ing, professional experience is 
required to determine the appro- 
priate number of sampling points. 
An absolute minimum of three wells 
orpiezometersare required todeter- 
mine the slope of the mater table or 
piezometric surface, which can be 
helpful in determining monitoring 
well configuration. Most situations 
will require many more xells or 

piezometers to deflne hydrogeologic 
5ite wnditions or the three-dimen- 
sionalform ofaplume. However. the 
evpense of this large number of 
w e b  and piezometers is often prc- 
hibicve for owners of s d  landfills 
and other.facilities, making s i t e d -  
ection of the few wells and pi- 
meters used even more important 

When Should Models Be  
Used to hedid A@er 
Hyd_dcsorPlume * 
Movement? 

n e r e  isadefinite place for use of 
sophisticated computer models ina  
ground-water monitoring study. 
\$'hen used propeily. modek can 
assist in theanalysisofdata(Figure 
11 2nd provide management w i t h  
infomation or decision making. 
Models are useful where geology is 

complex or where numerous 
waste sources or complex pumping 
patterns exist (Table 1). Another 
situation in which models may be 
useful isin theevaluationofaquifers 
in xhich water withdrawals are 
significant and information on the 
effect of additional pumping or 
input of pollutants to the aquifer 
may be criticaL and in which the 
prediction of ground-water condi- 
tions at some point in the future is 
desired- 

For example. location of awaste 
dispsaIsiteinfractudorinhighly 
heterogeneous glaciated terrains 
poses problems to the monitoring 
team, which must predict the 
direction of travel and areal extent 
of a leachate plume. In fractured- 
rock terrain. lack ofinformation on 
thelostion of fractures complicates 
prediction of the flow path of con- 
taminated ground water. Models 
capable of handling this situation 
are not yet able to adequately solve 
this problem. However. there are 
models avallable which are capable 
of proriding some insight into the 
t n n s p r t  of solutes in the sub- 
surface. These can be used, with 
some modifications. to predict flow 
in fractured media 

>Iodels applied in areas of com- 
plex geology. such as in highly 
hererogeneous glacial terrain. are 
also useful. Here, materials and 
hydrologic characteristics can also 
be expected to b a y  rapidly both 
laterally and vedicaJJy. As in fmc- 
tu&-rock terrain theground-water 
specialist must identify the d 
and vertical geologic and hydrologic 
change3 and understand the prc- 
cesses which created and are  
presently affw tingsi te geology pri or 
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..  to modeling or monitoring. once 
this and applicable information is 
available modeling can proceed. 

In situations where aquifers are 
mined forwaterorheavilyused,any 
additional withdrawal (or addition 
ofleachate) canbe modeled to deter- 
mine its effects on the system. 
Modelscanbeutilized to predict the 
effects offlowinanaquifer, complex 
pumping patterns. boundarycondi- 
tions and other factors. Several 
other points on modeling are: 

0 Models need not be used 
unless a definite advantage results 
from their use over standard field 
and analyHcal procedures. 

e If results are to be considered 
valid. aU models will require signa- 
cantinputdatatorunandverifyfor 
the site under analysis. Models can- 
not be used in place of initial data 
collection and monitoring: rather 
they are anextension of monitoring. 

* The field geologist or hydrolo- 
gist and themodelershouldbecome 
more familiar with the problems 

' . and objectives and their respective 
duties, to better complement one 
another. 

Only the skilled geologist or 
hydrologist, modeler and decision - makercandecidewhatiscorrectfor 
the problem. under analysis. This 
implies that model outputs maybe 
used in several ways to provide 
different results depending on the 
sociwconomic, political and other 
technical conditions as viewed by 
the technician and decision maker. 
Stating that the model provided the 

I solution to a problem is only par- 
t i d y  c o m t .  as it furnishes the 
basis for a decision and manage- 
ment and operations activities. 

Should the Vadose Zone Be 
Monitored? 

@ 

- 

Until recently, few ground-water 
specialists monitored the vadose 
zone. believing that monitoring of 

~ the saturated zone was sufficient 
for protection of ground-water 
resources. Unfortunately. aquifer 
rehabilitation methods in the satu- 'd rated zone are expensive and may 

.' L not be entirely suitable once large- 
scale contamination has occurred. 

The objectives of a vadose' zone 
monitoring system are to reduce 
saturated zone monitoring costs 
and toallowfortheearlyrecognition 
ofproblemswhilepollution is in the 
ladose zone. Under these condi- 
tions. ground-water rehabilitation I may belesscostlyand the sourceof 
the problem maybe easilycorrected. 
Vacuum lysimeters can be used to 
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collect water samples from beneath 
landfills. ponds or0 therdlscharging 
facilities \!fiere p<U,ution can be 
Lvpected to 'move fr3m the mdose 
zone to thesaturated zone.'Monitor- 
ing is generally suitable where the 
tadosezon6is thick perhapsgrealer 
than 10m (33 ft). I t  is particularly 
applicableinarid regionswhere the 
bad,osezonecanbemore than lOOm 
(330 ft) thick Use of vacuum lysi- 
meters to sample the vadose zone,, 
will reduce but not eliminate the- 

Present technology has numer- 
ous problems which make routine 
use oflysimeters difficult. Problems 
include the small water sample wl- 
ume available. the potential for clog- 
ging and the possibility of equip-. 
ment failure. Also because only a 
small volume of soil surrounding 
the lysimeter is sampled (p6int 
samplel. vacuum lysimeters must 
be installed through the waste or 
around the perimeter of the waste. 
This may provide a path through a 
damaged I>ximeter or through the 
annularspace forwastes to migrate 
and furtherpollute the vadose zone 
andlor pollution movement from 
beneath a facilitv. 

Cetermining the  number of 
sampling points required areally 
and with depth poses problems 
similar to those mentioned earlier 
for saturated zone monitoring. 
Factors to consider for vadose zone 
monitoring include the thickness 
and permeability ofthe badosezone. 
the attenuation capacity of soils 
and geologic materials and the 
degree of hazard the leachate being 
sampled poses. Salk and Decicco 
(1978) developed recommendations 
based on radose zone thickness 
which may be useful for initial 
determination of the number of 
sampling points required. Under 
conditions where permeability is 
high. attenuation is minfmal and 
hazardous materialsare involved, it 
should be prudent to use well clus- 
ters and increase the density of 
vacuum lysimeters installed sur- 
rounding and beneath the site. 

Because of the many problems 
involved with vacuum lysimeters. 
site investigators may find soil 
samples helpful. These samples can 

\' provide information on contami- 
nantssorbed ontosoil particles thatc 
either are not released back to the ! 
water or released only when chemi- 
cal or physical conditions change. 
In addition. other devices can be 
used to trace [but not sample1 water 
flux through the xadose zone such 
as soil moisture blocks. ' pschm- 

need forsaturatedzone monitoring. 1, 
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meters anh tensiometers. 

When Should Suiety 
Precautions Be Taken? 
AU drillers and many hydro- . 

geologists are familiar with the 
Occupational Safety and Health . 
Administration [OSHA) and the 
rules promulgated to promote on- 
the-job safety'. In working with 
hazardous waste additional pre- 
.cautions may be required to protect 
the driller and the hybogeologist 
Safetydevicg maybemquired when 
hazardous materials are suspected. 
Precautions take the forn3 of pro- 
tectivedevices,clothingand hazard- 
ous materials management These 
include breathing devices, selt- 
contained suitesgloves decontami- 
nation of drill rig. sampler and sur- 
rounding area and safe handling of 
samples including the presemtion. 
ofunstablematerials to reducegen- 
eration of heat or toxic gases and 
packaging following EPA and DOT 
rules. ifshipped .overpublic rightsof 
\vaY. 

As the monitoring team may not 
b o w  what to expect a t  a site, a 
review ofprcduction.waste analysis 
or disposal data  and available 
chemical sampling and analysis 
data of water and soils will provide 
an idea. of the situation's hazatd- 
ousness. Usingsafetyprecautionsit 
might be adnntageous for moni tor- 
ing perjonnel to stcure a sample 
from leachate springs, contami- 
nated.wells or through i n s a t i o n  
of shallow well points. By analyzlng 
for suspected hazardous materials 
before bringing in additional per- 
sonnel and equipment, the ~ssoc-.:. 
iated hjgh medical and decontami- 
nation costsmightbereduced. Most 
importantly, costs to human health 
will I& averted. 

Concern over personnel safety 
should continue beyond the initial 
phases of the monitoring program. . 
As identified in Figure 1. it is 
important that proper safety pre- 
cautions are taken if hazardous 
materialsaresuspectedorare found 
at the site. These precautions 
should be taken throughout the life 
ofthemonltoringprogramfrom the 
initial site visit. sampling phaseand 
the handling of samples in the 
laboratory. 

As this is a new area of concern, 
the hydrogeologist should contacta 
local industrial hygienist or public 
health specialistwhenaproblem is 
suspected. A m e d i d  university or 
hospital can also be contacted for 
assistance If a client has a SW 
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industrial hygienist. it is critical 

established prior to site work The 
objective of this is to reduce human 
contamination from drilling and 
sampling operations through 
proper protective gear. hygiene and e appropriate health screening tests. 

- that aclose working relationshipbe 

Conclusions 
This article should not be con- 

sidered as the final statement on - what is required for a monitoring 
program. It is an initial compilation 
of a number of the more significant 
genericfactorswhichshould becon- 
sidered in the design and operation 
of a ground-water quality monitor- 
ing system. The great diverslty of 
conditions nationwide may never 
allow for a comprehensive listing of 
factors. Each site must require a 
separate evaluation of the factors 
briefly discussed. Monitoring Sys- 
tem decisions by the hydrogeologist 
on a particular site may vary dra- 
matically from those outlined here. 
Additional effort is required in 
developing computer models that 
can more accuratelypredict ground- 
water flow and solute transport in 
complex terrain. health and safety 

-education. determining the effect of 
pollutants on the groundwater 
system, contamination of unpol- 
luted aquifers durlng drilling and 
other factors. 
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The National Association of Corrosion Engineers issues this 
Standard in conformity to the best current technology 
regarding the specific subject. This Standard represents 
minimum requirements and should in no way be inter- 
preted as a restriction on the use of better procedures or 
materials. Neither is this Standard intended to apply in any 
and all cases relating to the subject. Numerous external 
factors may negate the usefulness of this Standard in 
Specific instances. 

This Standard may be used in whole or in part by any party 
without prejudice if recognition of the source is included. 

The National Associaiion of Corrosion Engineers asurns 
no responsibility for the. interpretation or use of this 
Standard. 

I 

I 
I 

Nothing' contained in this Standard of the National ASSO- 
ciation of Corrosion Engineers i s  to. be construed as 
granting any right, by implication or otherwise, for manu- 
facture, sale, or use in connection with any method, 

indemnifying or protecting anyone against liability for 
infringement of Letters Patent. 

I. 

apparatus, or product covered by J-etters. Patent, nor as I. 
I 

Foreword 

Unit Committee T-SA ("Corrosion in Chemical Processes") 
of the National Association of Corrosion Engineers issues 
this Standard with a dual purpose. 

The fust purpose is to standardize, as much as possible, 
simple immersion corrosion studies. In this sense, this 
Standard is reasonable and effective without imposing 
inflexible requirements as to apparatus, conditions, or 
techniques. The actual conditions of test will be determined 
by the problem at hand and limited only by the ingenuity 
of the individual investigator, 

The second purpose of this Standard is to present to the 
user a consensus on the best current technology in this field 
of laboratory corrosion testing. As such, this Standard 
enumerates and discusses the many factors which must be 

considered, contrdued, and reported in order to aid in 

The techniques described permit the investigator to rep- 
duce to a considerabk extent in the laboratory, throu& 

I 

' I  
, I  I 

correlation or reproducibility of such studies. 

I 

judicious experimental design, the process conditions which 
govern corrosion mechanisms. The tests are not to be 
construed as "accelaratzd" tests, which are generaity 
unreliable. The methods described are also applicable to 
materials qualification tests for quality control. However, 
the latter' require more rigid d e f ~ t i o n  of apparatus, 
conditions, and techniqua. . . , 

The ultimate purpose is better correlation of resuits in the' 
future and the reduction of conflicting reports t h r o u a  a 
more detailed recording of meaningful factors and con- 
ditions. 

I 
I 
I 
I 

. 

I 
1 
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1. &nerd 

1.1 This Standard describes the factors which influence 
laboratory tests. These factors include specimen prepara- 
tion, apparatus, test conditions (sdution composition, 
~tempera!ure, velocity,. aeration, volume, method of 
supporting specimens, duration of test), methods of 
cleakng specimens, evaluation of results, and calculation of 

, corrosion rates. This Standard also emphasizes the impor- 
tance of recording all pertinent data and provides a check 
list for reporting test data. 

1.2 Experience has shown that all metals and alloys do 

not respond alike to the many factors k t  wntrol 
corrosion and that '*accelerated:' corrosion teStr give 
indicative results only. Consequently,'it is ~ I I I ~ A C ~ ~ C ~  to. ~3 
propose an inflexible standard laboratory cornsion esting f**., I 

procedure for general use except for m a t e r i a l ' q ~ c a t i o n .  
tests, where standardization is obviously required. 

1.3 In designing any wrrosion test, consideration mst be 
given to the various factors discussed in thisjtest method 
because these factors have been found to 2ffect greatly the 
results obtained. 

2. specimen bepaPation 

2.1 In laboratory tests, corrosion rates of duplicate 
specimens are usually within f 10% under the same test 
conditions. Occasional exceptions, in which a large dif- 
ference is observed, can occur under conditions of border- 
line passivity of metals or alloys'that depend on a passive 
fh for their resistance to corrosion. Therefore, at least 
duplicate specimens should be exposed in each test. ' 

2.2 If the effects of corrosion are to be determined by 
changes in mechanical properties, untested duplicate 

2.3.2 Strip coupons [of about 4 squrrz inmes (25 
cm')] may be preferred as corrosioc spccimens, 
particularly if interface or liquid line effects -re to be 
studied by the laboratory test, but such effscts are 
beyond the scope of this Standard. 

2.3.3 AN spscimens should b e  measured carefully to 
permit accurate calculation of the exposed ueas. An 
area calculation accurate to plus or minus 1% is 
usually adequate. 

specimens should be preserved in a non-corrosive environ- 
ment for comparison- with the corroded specimens. The 
mechanical property commonly used for comparison is the 
ten& strength. The procedure for determining this value is 
shown in detail in ASTM Standard E-8- latest edition. 

2.4 More uniform results may be expected Xa substantial 
layer of metal is removed from the specimens to eliminate 
variations in condition of the originalmetallic surfxe. This 
can be done either b y  chemical treaiment kickling), 
electrolytic removal, or by grinding with a coarse ibrasive 

2.3 The size and the shape of specimens will.vary with the 
purpose of the test, nature of the materials, and apparatus 
used. A large surface-to-mass ratio and a small ratio of edge 
area to totai area are desirable. These ratios can be achieved 
through the use of rectangular or circular specimens' of 
minimum thickness. Circular specimens should be cut 
preferably from sheet and not bar stock to minimize the 
exposed end grain. 

paper or cloth, such as No. SO, using care not to work 
harden the surface (sze Section 2.7)- At lcasc O.OtQ.01 inch 
(3 pm) or 10 to 15 milligrams per square inch (0.03 
milligrams/mm') should b e  removed. If clad alloy speci- 
mens are to be =e&, special attention mux be ayen to 
insure that excessive metal is no1 removed. A ~ k r  final 
preparation of the specimen surface, the qecimezj should 
be stored in a deskcator until exposum if they are zot used 
immediately. 

. I  

distillation kettle. The total surface area of a circular 
specimen is given by the following equation: 

2,6 The specimen can be stamped 
identifying mark. 

an ap?mpriate 
- 

2.6.1 The scamp, b&ides iclentifyhg the spximen, 
introduces stresses. and cold work in t5e spximen. 
that could bz responsible for  localized corrosion 
and/or stress corrosion cracking. - 
2.6.2 Stress wrrosion cracking at the ihtifyiing 
mark is a positive indication of susceptibiiity to such 

n 
A = -  ( D Z - d Z ) + t n D + t n d  4 

where t = thickness, D = diameter of the specimen, 
and d = diameter of the mounting hole. If the hole is 
completely covered by the mounting support, the last 
term (tnd) in the equation is omitted. 

0 

2 



‘ 8  . 1 coiiosion;:however, the  absence of cracking should 
not be interpreted as indicatingresistance. Additional 
tests should be run to study specifically the effects of 
stress. 

2.7 Final surface treatment of the specimens should 
include finishing with new No. 120 abrasive paper or cloth, 
or the equivalent, unless the surface is to be used in the 
mill-finished condition. This resurfacing may cause some 
surface work-hardening to an extent which will be deter- 
mined by the vigor of the surfacing operation but is not 
ordinarily significant. 

2.7.1 Coupons of different alloy compositions 
should never be ground on the same cloth. I 

2.10 The- method of Specimen preparation shouldl~be-- I ; ,  ?: ; 
described when reporting tests results to facilitate interpre- 
tation of data by o:her persons. 

- . 

2.10.1 Reports should include trade n m e  or 
composition of specimens in the following order of 
preference: [a) chemical composition determined by  
analysis, (b) approximate or nominal chemical 
composition, and (c) trade name or grade and. 
.specification (if bought to MIL, ASTM, etc.) 

2.1 0.2 Metdurgicd condition of the specimens 
including thc degree of hot or cold working and heat 
treatment, hould be described as completely as 
possible. 

2.11 Ttie use of welded specimens is often desirable 
because some welds may be cathodic or  anodic to the base 
metal and may affect the corrosion. 

2.7.2 Wet grinding should be used on alloys which 
work harden quickly, such as the austenitic stainless 
steels. 

2.8 The specimens should be fmally degreased by scrub- 
bing with bleach-free scouring powder, followed by 
thorough rinsing in water and in a suitable solvent (such as 
acetone, methanol, or a mixture of 50% methanol and 50% 
ether)’ and air dried. For relatively soft metals such as 
aluminum, magnesium, and copper, scrubbing with abrasive 
powder is not always needed and can mar the surface of the 
specimen. The use of towels for drying may introduce an 
error through contamination of the specimens with grease 

2.1 1.1 The ‘neat-affected zone is also of importance 
but should be studied separately because welds on 
coupons do not faithfully reproduce heat input or 
size effects of full-size vessels. 

2.1 1.2 Corrosion of a welded coupon is best reported 
by description and thickness measurements rather 
than a mik-per-year rate because the attack is 
normally localized and  not representative of the 
entire surfae. 

’ 

- 
2.1 1.3 A complete discussion ofcorrosion.&sfing of 

2.9 The dried specimens should be weighed on an welded coupons or the effect of heat treatment on 
analytical balance to an accuracy of plus or minus 0.5 
milligram. scope of this Standard. , 

the corrosion resistance of a metal is no t  within the 

3. Equipment and Apparatus 

3.1 A versatile and convenient apparatus should be used, 
consisting of a kettle or flask of suitable size (usually 500 
to 5000 milliliters), a reflux condenser with atmospheric 
seal, a sparger for controlling atmosphere or aeration,-a 
thermowell and temperature regulating device, a heating 
device (mantle, hot plate, or bath), and a specimen support 
system. If agitation is required, the apparatus can be 
modified to accept a suitable stirring mechanism such as a 
magnetic stirrer. A typical resin flask set up for this type 
test is shown in Figure 1. 

3.2.1 A glass reaction kettle can be u s d  where 
configuration and size of specimens will permit entry 
through thenarrow kettle neck. 

3.2.2 In %me cases, a wide mouth jar with a 
suitable closure is sufficient when simple immersion 
tests at ambient temperatures are to be investigated. 

3.2.3 Opea beaker tests should not be  used because 
of evaporation and contamination. 

3.2 These suggested components can be modified, simpli- 
fied, or made more sophisticated to f i t  the needs of a 
particular investigation. The suggested apparatus is basic, 
and the apparatus is limited only by the judgment and 
ingenuity of the investigator. 

3.2.4 In m r e  complex tests, provisions might be 
needed for continuous flow or replenishment of the 
corrosive liquid while simultaneously maintaining a 
controlled atmosphere. 
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-, ~ I , 4. Test Conditions. 

4.1 
test will be determined by the purpose of the test. 

Selection of the conditions for a laboratory corrosion 

4.1.1 If the test is to be a guide for the selection of 
a material for a particular purpose, the limits of 
controlling factors in service must be determined. 
These factors include oxygen concentration, tempera- 
ture, rate of flow, pH value, and other important 
characteristics of tde solution. 

An effort should be made to duplicate all service 4.2 
conditions in the corrosion test. 

4.3 It is important that test conditions be controlled 
throughout the test in order to ensure reproducible results. 

4.4 The spread in corrosion rate values for duplicate 
specimens in a given test should not exceed i_ 10% of the 
average when the attack is uniform. 

4.5 Composition of solution. 

. .  

4.5.1 Test solutions should be prepared accuiately 
from chemicals conforming to the Standards of the 
Committee on Analytical Reagents of the American 
Chemical Society,' and. distilled water, except in 
those cases where naturally occurring solutions or 
those taken directly from some plant process are 
used. 

Fiaure 1 - Tvoical raw'nf ld  thatcanbeudaravnar i lamd - .. 
convenient wp-ms to conduct Gimple immersion tests COG- 4.5.2 The composition of the test -solution should fiQur;ltion of the ftark fop if atch mef mD,B sDphktiaDd 

be controlled to the fullest extent possible andshould apparatus can be adcbd as rsquired by the rpecifii test tajns 
be described as completely and as accurately'as conducted. A = ~ermowell, B = resin fld. C = pecimdrn hum 

. .  possible when the results are reported. an apporting device. D = nas. inlet. E = heefinp mmda, F = 
liquid interfa-, G = opening in f i d  for additiowl app3saax 
thal maybe rquired,and H = reflux condsnrtr. . _  

> *  .~ 
~ .. 

4.5.2.1 Minor constituents should not be 
overlooked because they often affect corro- 
sion rates. + . .. 

.. 
sition or by reaction with the test coupon. 'DIES%-- - ' 4.5.2.2 Chemical content should be reported .,. . .. "~: 

changes shou!d be determined if possible.. Where ...::, " as percentage by weight of the solution. ._.;I 
required, the exhausted constituents should-be ad& .:'~ ' .;.? Molarity and normality are also helpful in or a fresh solution provided, during the course of th+ . . 

.. ... -:<;&:.: 5.5 test. 

-c 
. .  , 

_j .... . !< 

,, .&L.* f .  ?. 

defining the concentration of chemicals in the 
test solution. 

~. 

4.5.3 The composition of the test solution should 
be checked by analysis at the end of the test to 
determine the extent of change in composition, such 
as might result from evaporation. 

4.5.4 Evaporation losses should be controlled by a 
constant level device or by frequent additions of 
evaporating liquid to .maintain the original volume 
within * 1%. 

4.5.5 In some cases, composition of the test solu- 

. ~. , -: 
4.5.6 M z n  possible, oniy.one type of rnetAshould.'~.. ~ : 

be exposed in a given test. If several different =e& 
are expoed. in the same solution, the corrosion: . - 
products from one metal may affect the rate of anrck.- 

.on another metal. For example, copper corrosion .: ., 
products can reduce corrosion of stainless steel and. ' 
titanium but can accelerate corrosion of aluminum. , . , 

..',. 

- 

: .. 

4.6 Temperature of solution. 

4.6.1 
be controlled within % 1 C (k 1.8 F) and must be.. . ,:-. :;' 

Temperature of the corroding solution shodd*'j:. .., 

tion may change as a result of catalytic decompo- stated in the report of test resuk. 

4 
. 

~ ~~ ~~ ~~~ ~ ~ ~~ ~~ 



. .  

: , 9  4.6.2 If no specific temperature, such:as boiling, is 
required or if a temperature range is to be investi- 

! gated, the selected temperatures used in the test must 
be reported. 

4.6.3 For tests at ambient temperatures, the tests 
should be conducted at the highest temperature 
anticipated for stagnant storage in summer months. 
This temperature m y  be as high as 40 to 45 C (104 
to 113 F) in some areas. The variation in temperature 
should be reported also (e.&, 40 C f 2 C). 

i .  

ka 

4.7 Aeration of solution. 

4.7.1 Unless specified, the solution should not be 
aerated. Most tests related to process equipment 
should be run with the natural atmosphere. inherent in 
the process, such as the vapors of the boiling liquid. 

4.1.2 If aeration is used, the specimens should not 
be located in the direct air stream from the sparger. 
Extraneous effects can be encountered if the air 
stream impinges on the specimens. 

4.7.3 If complete exclusion of dissolved oxygen is 
necessary, specific techniques are required such as 
prior heating of the solution and sparging with an 
inert gas (usually nitrogen). A liquid atmospheric seal 
is required on the test vessel to prevent further 
contamination. 

4.7.4 If oxygen saturation of the test solution is 
desired, this can best be achieved by sparging. For 
other degrees of aeration, the solution should be 
sparged with synthetic mixtures of air or oxygen with 
an inert gas. 

4.8 Solution velocity. 

4.8.1 The effect of velocity is not usually deter- 
mined in normal IaboFatory tests although specific 
tests have been designed for this purpose. However, 
for the sake of reproducibility, some velocity control 
is desirable. 

4.8.2 Tests at the boiling point should be conducted 
with minimum possible heat input, and boiling chips 
should be used to avoid excessive turbulence and 
bubble impingemnt. 

4.8.3 In tests conducted below the boiling point, 
thermal convection generally is the only source of 
liquid velocity. 

4.8.4 
m n t a l  controlled stirring is recommended. 

In test solutions with high viscosities, supplc- 

4.9 Volume of test solution. 

4.9:1 "lie of the 
large enough to avoid any appreciable change in its 
corrosiveness either through exhaustion of corrosive 
constituents or accumulation of  corrssion products 
that might affect further corroston. 

. 

, 
- 

4.9.2 The preferred minimum volume-to-area ratio is 
250 milliliters of solution per square inch (0.4 
ml/mma) of specimen surface as stipulated in ASTM 
Standard A-279.63 on "Total Immersion Corrosion 
Test of Stainless Steels." 

' 

4.9.3 When the test objective is to determine the 
effect of a metal or alloy on the characteristics of the 
test. solution (for example, to determine the effects of 
metals on dyes), it is desirable t o  reproduce the ratio 
of solution volume to exposed metal surface that 
exists in practice. The actual time of contact o f t h e  
metal with the solution also must be taken into 
account, Any necesury distortion of the test con- 
ditions must be, considered when interpreting the 
results. 

4.10 Method of supporting specimens.. 

4.10.1 The supportins device and contain& should 
not be affected by or cause conbarnination of the test 
solution. 

4.10.2 The method of supporting specimens will vat+ 
with the apparatus used for conducting the test but 
should be designed to insulate the specimens from 
each other physically and electrically and 'io insulate 
the specimens from any metallic container or support- . 
ing device used with the apparatus. 

4.10.3 Shape and form of the specimen support 
should assure free contact of the specimen with the 
corroding solution, the liquid line, or the vapor phase 
as shown in Figure 1. If clad alloys are exposed, 
special procedures wili be required to insure that only 
the cladding is expozd unless the purpose is to test .' 
the ability of the cladding to protect cut edges in the 
test solution. 

.. 

, ,  

., 

, 

' 4.10.4 Some common supports are glass or ceramic 
rods, glass saddles, glass. hooks,, fluorocarbon plastic 
strings, and various insulated or coated metaIlic 
supports. 

4.1 1 Duration of test. 

4.1 1.1 Although duration of any test will be deter- 



excellent piweduke for evaluating the effect of time” 
on corrosion of the metal and also on the corrosive- 
ness of the environment in laboratory tests has been 
presented by Wachter and Treseder? This technique 
is called the “Planned Interval Test,” and the proce- 
dure and evaluation of results are given in Table 1. 
Other procedures that require the removal of solid 
corrosion products between exposure periods will not 
measure accurately the n o d  changes of corrosion 
with time. 

4.1 1.2 Materials which experience severe corrosion 
generally do not needlengthy tests to obtain accurate. 
corrosion rates. Although this assumption is valid in 
many cases, there are cases where it is not valid, For 
example, lead,exposed to sulfuric acid corrodes at an 
extremely high rate at fust while building a protective 
fihn, then the rates decrease considerably so that 
further corrosion is negligible. The phenomenon of 
forming a protective film is observed with many 
corrosion resistant materials, and therefore short tests 
on such materials would indicate a high corrosion rate 
and would be completely misleading. 

4.11.3 Short time tests also can give misleading 
results on alloys that form passive films, such as 
stainless steels. With borderline conditions, a pro- 
longed test may be needed to permit breakdown of 
the passive film and-subsequently more rapid attack. 
Consequently, tests run for long periods are con- 
siderably more realistic than those conducted for 
short durations. This statement must be qualified by 
stating that corrosion should not proceed to the point 
where the original specimen size or the exposed area 
is drastically reduced or where the metal is per- 
forated. 

’ 
4.1 1.4 If anticipated corrosion rates are moderate or 
low, the following equationZ gives a suggested test 
duration: 

Examples: Where the corrosion rate is 10 mpy, the 
test should run for at least 200 hours. If the rate is 1 
mpy, the duration should be at least 2000 hours. 

4.11.4.1 This method of estimating test 
duration is useful only as an aid in deciding, 
after a test has been made, whether or not it is 
desirable to repeat the test for a longer period. 
The most common testing periods are 48 to 
168 hours (2 to 7,days). 

4.11.5 In some cases, it may be necess;uy to know 
the degree of contamination caused by the products 
of corrosion; this can be accomplished by a n d y ~  of 

(Reprinted by permirdon from “Chemid Engineering 
lune, 1947.) 

E- c__ 
* I I I 

t t + Z  8 !  1 Time 

Identical specimensd phced in the sane wrrodve flu& Imposed 
conditions of the test kept constant for entire time t + 1. ktters,  
A,, At. At+l. B, repremt cornsion damage experienced b y  each 
test specimen. 4 iscalculatedby subtracting At from At+,. - 

Occurrences Jhrhg C!no;&n Tea Qiteris 

unchanged AI =B 
decreased B <Ax 
increased AI <B 

n*ch%d A2 =B 
d e u w r d  A2 <B I inueasrd B <A+ 

Liquid corrosiveness 

hieid mnodibility 

C o m b i i k n s  of Situations 

Liquid Cormsivenes Mecrlconodibiiity criteria 

1. unchanged nnch%ed A1 =A2 = B  
2. unchanged deueasd Az <hi =B 

‘ 3. unchanged increased. A 1 = B  <A2 
4. decreased unchanged . A z = B  <A1 

6.  decreased increased A i > B  <A* 
I. increased unchanged Al <Az =B 

9. increased increased A i < B  <A2 

5. decreased decreased Az<D <Ai 

6. increased deueared A l < D  >A; 

Example of.- I n W  cOrro&n Teat 

Conditions: Duplicate siiips of’lowcarbon steel, each 5:.$ by 3 
inches (20 x 15  mnO imzersil  in 200 ml of 10% AICIl - 901: SbCIs 
mixture through which dried HCI gas !vas slowly bubbled rt at& 
pressure. Temperature 90 C. 

Apparent 
Corrosion 

Intmal, WtLos4, Pewfration, Rate, 
days mg milr rniis/,s mmpy 

AI . . 0-1 1080 1.69 620 15.7 
At . . 0.3 1430 2.24 270 6 9  
At+I . 04 1460 2.29 210 5.3 
B . _ .  3 4  70 . 0.11 40 1.0 
A2 . . C d C . s  30 0.05 18 0.5 

Az<B < A1 
0.05 <0.11<1.69 

6 



the solution after coiroiion has occurred. The MIID. 
!- - * : - ’ ’ I  -.:.,h-Sion.rate can be‘calculated frdm the cbncentration of . 

the matrix metal found in the solution, @dit  can be 
compared to that determined from the weight loss of 

the specimens. However, some of the cormsion i~ ~. . ’ - 

products usuaUy . a d h r z e : ~ o . ~ ~ h e . ~ e c ~ ~ n ~ ~ . . ~ = , ~ a l ~ , ,  ., , si, ~. I 
and the corrosion .rate calculated from thermetal 
content in the s lut ion is not always correct. 

(2: 5. Methods of Cleaning Specimens After theTest 
5.1 Before specimens are cleaned, their appearance should 
be observed and recorded. Location of deposits, variations 
in types of deposits, or variations in corrosion products are 
extremely important in evaluating lbcalized corrosion,rruch 
as pitting and concentration cell attack. 5.2.1 Genera&> tbe  cleaning procedure should 

5.2 Cleaning specimens after the test is a vital step in the 
corrosion test procedure and, if not done properly, can 
cause misleading results 

a 
TABLE 2 -Methods for Chemical Cleanfng of Corrosion Test Specimens A f t e r E . ~ p ~ ~ a ( ’ )  

Tempera- 
Mnterid olemical Time ture Remarks 

. .. 

(‘)For :i list of otlier effective chcrnicds see Marrriols Prorecriotr, July. 1957. 
(*)It is posiblc for zinc du9 as well as the cleaning residue (canttinin3 zinc dust) to ignite 

spontaneously on cxposorc to air. Proper prccairfions should be taken in hvldiing and diSpohg 
of these materials. I .  



5.3 

remove all corrosion products from specimens with a 
'minimum removal of soundmetal. 

5.2.2 Set rules cannot be applied to specimen 
cleaning because procedures Wiu vary depending on 
the type of metal being cleaned and on the degree of 

'adherence of corrosion products. 

Cleaning methods can be divided into three eeneral - I 

categories: rnechanid, chemical, and electrolytic. 

5.3.1 Mechanical cleaning includes scrubbing, 
scraping, brushing, mechanical shocking, and ultra- 
sonic procedures. Scrubbi.ng with a bristle brush and 
mild abrasive is the most popular of these methods; 
the others are used principally as a supplement to 
remove heavily encrusted corrosion products before 
scrubbing. Care should be used to avoid the removal 
of sound metal. 

5.3.2 Chemical cleaning implies the removal of 
material from the surface of the specimen by dissolu- 
tion in an appropriate chemical solution. Solvents 
such as acetone, carbon tetrachloride, and alcohol, are 
used to remove oil, grease, or resin and are usually 
applied prior to other methods of cleaning. Chemicals 
are chosen for application to a specific material. Some 
of these treatments in general use are outlined in 
Table 2. 

5.3.3 Electrolytic cleaning should be preceded by 
scrubbing to remove loosely adhering corrosion 
products. One method of electrolytic cleaning that 

- 1 ~ .  ' 
. . _.. . 

. ;. has .been formd to b+( .u@uI for -y ma,. .. , i . 
-; 

. .. . 
' . - 2 ~ o y s ~ . w f & & .  .: ' ,:, .-i 

So1Uth - ~ . ~ . . . . 5% (by weight) H2 SO,  . .  
Anoh - _ _  - --  -. . . Carbon ot.lead 
Cathode. ~ --_. - ~ Test specimen 
Cathode C.D- . . ~ ~ 20 amp/dm2 

Inhibk. ~ ~ - - . . . . 2 cc organic inhibitor 

TemFature  -. ~ .. . 74 C (165 F) 
Expome pz;Sd.. . 3 minutes (longer t i m a  may 

(129 amp/sq in) 

per liter . .  

be required) 

53.3.1 Precautions must be taken to insure 
gcod e tkz icd  contact with the specimen, to 
avoid emtamination of the solution with 
eaily retucible metal ions, and to insure that 
i<iiiitor decomposition has. n o t  occurred; 
Iriteitead CT using 2 milliliters of any proprie- 
t q  inKXtor, 0 5  gram per liter of inh3itors 
sxh  as diorthotolyl thiourea or  quinoline. 
etiiodZ=can b e u r d .  

5.4 'Whatever t r e a t i i n t  is used to clean specimensafter a 
corrosion test, irs +Feci in removing metal should be 
determined, a d  the weight loss should be corrected 
accordinglyIy_ A '=bl& specimen should be weighed 
before and afar e x p u r e  to the cleaning procedure to 
establish this wight Im. 

5.4.1 
should b2 t ra ted  as discussed in Section 2.8- 

5.42 
be included withthe data reported. 

FoLIowiaz removal of all scale, the specimen 

A desci$tion of the cleaning method should 

6.  Evaluation of Results 

6.1 After corroded specimens have been cleaned, they 
should be reweighed with an accuracy corresponding to 
that of the original weighing. The weight loss during the 
test period can be used as the principal measure of 
corrosion. Sometimes all corrosion products cannot be 
removed. In this case, the weight should be reported but 
the observation made that some corrosion products were 
not removed. 

6.2 After the specimens have been rewei&ed, they should 
be examined carefully for the presence of pits. If there are 
pits, the average and maximum depths of pits are deter- 
mined after measurement with a pit gauge or a calibrated 
microscope which can be focused fust on the edge and then 
on the bottom of the pit. An excellent discussion of pitting 
corrosion has been published? 

6.2.1 Pit depths should be reported in millimeters 
or thousandths of an inch for the test period and not 
interpolated or extrapolated to millimeters per year 
or thousandths of an inch per year or any other I 

6.3 

arbitrary period because rarely, if ever, is the rate of 
initiation or propgation of pits uniform.. 

6.2.2 R e  sk. shape, and distribution of pits 
should b not& A distinction should be made 
between chose cccurring underneath the supporting 
devices (concenzation cells) and those on surfaces 
that were riedy Exposed to the test solutioa 

If the raterial being tested is suspected of being 
subject to deGoying forms of corrosion such as dezincih 
cation, 01 to %tcrgrc&r attack, a cross section of the 
specimen should bs rriaoscopically examined to detzrmine 
the type and h?th of zuch attack. 

6.4 The speckn ray be subjected to *!e bending 
tests to &tern& nhe&er any embrittlementhas occurred. 

6.5 It m y  k d&zle to make quantitative mechanical @' 
tests to compm the =posed specimens with uncomodd 
specimns resere& for the purpose, as descrihad in Szction 
2.2. 

8 



.1 ,- ::-- . .- 
.. 
.: 1 

I ,  i . . , ,  . . . . . .  L 7. &b3. lh~g &KOSiOil .d . 
i l  

,‘I 
. .  ’ . ’ 7.1 The calculation of corrosion rates requires several corrosion rate expressrd as mils penetration per year (mpy). 

or millimeters per year (mmpy) can be calculated. by &he 
equations: 

pieces of information and several assumptions. 

7.1.1 The use of corrosion rates implies that all 
weight loss has been due to general corrosion and not 
to localized corrosion, such as pitting or sensitized 
areas on welded coupons. Localized corrosion is 
reported separately. 

7.1.2 The use of corrosion rates also implies that 
the material has not been internally attacked as by 
dezincification or intergranular corrosion. 

7.1.3 
rate if desired. H ~ ~ ~ ~ ~ ~ ,  the calculations 
based on weight loss, which is 
microsections which show depth of attack. 

wt loss x.534 
mpy = (area) (timeS.{metal density) 

where weight loss is in milligrams, area is square inches of 
metal surface expased, and time is hoursexposed. . .  

wt loss x 87.6 
mmpy = [area) (time) (metal density)’ 

where weight loss is in milligrams, area. in cm2 of metal 
surface kxposed, and Time is hour exposed- Metal density of 
many common alloys (expressed in grams per cubic 
centimeter) is listed in Table 3. The density for .new or 
unlisted alloys can be obtained: from the producer or from 
various metal handbooks. 

Internal attack can be expressed as a corrosion 
not be 

small, but on 

7.2 Assuming that localized or internal corrosion not 
present or are recorded separately in the report, the 

Density, 
gnlcm 3 

Aluminum . . . . . . . . . . . . . . . .  9 9 . O + A l I . .  2.71 
At1.2hin . . . . . . . . . . . . . . . . . .  2.73 

TABLE 3- Denrily of CnmmmMek4sb Usa in Corrosion Rate ~ ~ l a t i o n s 9  

Alloy neIh5ity 
micm’ 

Lead . . . . . . . . . . . . . . . . . . .  99.90+Pb 11.34 
r 

~ ~ ~~~~ 

AI,1.ObigIg.0.6Si.O.25Cr . . . . . . . . . . . .  2.70 

85 Cu. 15 Zn . . . . . . . . . . . . . . . . . .  8.75 
@ Brass 

710J ,28Zn, ISn  . . . . . . . . . . . . . . .  8.53 
6SCu,3SZn . . . . . . . . . . . . . . . . .  8.47 
60Cu.39.25 Zn.0.75 Sn..  . . . . . . . . . . . .  8.41 

Branre 
95Cu.5Sn . . . . . . . . . . . . . . . . . .  8.86 
90Cu,10Sn . . . . . . . . . . . . . . . . .  8.78 
85Cu,SSn,5211,5Pb . . . . . . . . . . . . .  8.80 
94.8Cu.3Si . . . . . . . . . . . . . . . . .  8.53 
95Cu.5AI . . . . . . . . . . . . . . . . . . .  8.17 
85-9OCu.lOAl . . . . . . . . . . . . . . . .  7.58 

. .  

Copper 
99 .900~ .  0.01P . . .  . . . . . . . . . .  8.91 

CupproNickel 
90Cu,10Ni . . . . . . . . . . . . . . . .  8.93 
70Cu,30Ni . . . . . . . . . . . . . . . . .  8.94 

Iron 
94Fe. 3.5 C, 2.5 Si . . . . . . . . . . . . . . .  7.00 
96 Fc, 3.0 C . . . . . . . . . . . . . . . . . . .  7.60 

84.3Fe,14.5Si0.35Mn,0.85C’ . . . . . . . . .  7.00 
99.94Fe, 0.025 S,O.O17 Mn, 0.012C 0.OOSP . . , . 7.86 

Iron 
94Fe. 3.5 C, 2.5 Si . . . . . . . . . . . . . . .  7.00 
96 Fc, 3.0 C . . . . . . . . . . . . . . . . . . .  7.60 

84.3Fe,14.5Si0.35Mn,0.85C’ . . . . . . . . .  7.00 
99.94Fe, 0.025 S,O.O17 Mn, 0.012C 0.OOSP . . , . 7.86 

Nickel 
99.4NicCo . . . . . . .  - . ...... .... . 8.89 
6 7 N i 3 0 0 J  . . . . . . . . . . . . . . . . .  8.84 
62Ni,30Mo,SFe . . . . . . . . . . . . . . . .  9.24 
58Ni,17Mo,15Cr.5W.5Fe ~ .... .,_ . . . .  8.94 
80Ni14Cr ,6Fe  . . . . . . . . . . . . . . . .  8.51. 

Steel 
0.20C,Mn,P,S . . . . . . . . . . . . . . . .  7.85 

SrainlersSteel 
11.5013.50C1, 0.15C . . . . . . . . . . . . . . .  7.75 
14.00.18.0OCr.0.12C . . . . . . . . . . . . .  7.70 
18.0020.00Cr. 8.0012CONi, 0.08 c . . . . . . . .  7.93 
16.0018.00Q. 1O.OC-14.W N i  

2.00.3.00Mo. 0.08 C . . . . . . . . . . . . .  7.98 
17.0019.00Q.9.0012.00Ni0.08C.Ti . ~ . ~ . . 8.02 
17.0019.00Cr.9.0&I2.00Ni.O.O8CCb . . . . . .  8.02 
19.00.21.OOCr, 24.0030.00Ni, 2003.OOMo. 

3.00-4.000~ . . . . . . . . . . . . . . . . . .  8.02 

Tantalum . . . . . . . . . . . . . . . . . . . . . .  16.60 

Tin . . . . . . . . . . . . . . . . . . . . . . .  7;30 

T i t an ium. .  . . . . . . . . . . . . . . . . . .  4.54 

Zirconium . . . . . . . . . . . . . . . . . . .  6.53 

.. 



. 
8.1 
possible cannot be overemphasized. 

8.2 Expandon of the testing program In the future or 
correlating the results with tests of other investigators will 
be possible only if' all pertinent information is properly 
recorded. 

8.3 
reporting all important information and data: 

The importance of reporting all data as completely as 

The following checklist is a recommended guide for 

8.3.1 
during test). 

8.3.2 Volume of test solution. 

8.3.3 Temperature (maximum, minimum, average). 

8.3.4 Aeration (describe conditions or technique). 

Corrosive media and concentration (changes 

t., 

8.3.5 

8.3.6 

8.3.7 Duration of each test. 

8.3.8 Chemical composition or trade name of 
metals tested. 

8.3.9 
w n s .  

Agitation (describe conditions or technique). 

Type of apparatus used for test. 

Form and metallurgical conditions of speci- 

8.3.10 Exact size,shapa,.and areaofspecirnns. 

8.3.1 I Treatment used to prepare specimens for te&. 

8.3.12 Number of specimens.of each material tested, 
and .whether specimens were tested separately or 
which specimens were tested in the Same container. 

8.3.13 Method wed to clean specimens after expo- 
sure and the extent of any error expacted by this 
treatment. 

8.3.14 Actual weight losses for each specimen. 

8.3.15 Evaluation of attack if other than general, 
such as crevice cmcsion under support rod, pit depth 
and distribution, and results of microscopic examina- 
tion or bend tests. 

8.3.16 Corrosion rates far each. specimen expressed 
as mils per year. 

8.4 Minor occurrences or deviations from the proposed 
test program often can havqsignifieant effects and should 
be reported if known. 

8.5 Statistics can be a valuable tool for analyzing the 
results from t e s t  p r o g r ~ t ~ ~  designed to generate adequa:e 
data and should be used wherever possible. Excellent 
references for. the u s  of statistics in corroson. studies @ 2 
include References 4 through 8. 

' .- 
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1. General 

1.1 This test method describes a procedure for conducting 
controlled velocity corrosion tests in the laboratory in 
which a corrosive solution may be moved at a known 
tangential velocity 'across the face of corrosion test 
specimens. The test method is useful in comparing the 
effects of the velocity of a solution on the corrosion of a 
number of metals at the same time, utilizing small circular 
metal samples. The equipment is inexpensive and requires 
little space, and the costs of operation and maintenance are 
low. Becausz of the velocity limitations given below, the 
apparatus is more uxful for studying candidate materials 
for agitated vessels and pipelines than for pumps and valves. 

2. Limitations 

2.1'Velocity: Velocities to 8 ft/sec (244 cmlsec) can be 
obtained when using-a glass shaft and paddle with conven- 
tional laboratory stirring motors and bearing seals. 
Velocities to 15 ft/sec (457 cmlsec) are practical when 
using .a fluorocarbon coated metal drive shaft and bearing 
mechanism plus a heavy duty motor (e.g., drill press). 

2.2 Cas Blanketing: In cases where excessive aeration may 
not reflect actual process conditions, the tester should be 
blanketed \vith nitrogen to prevent air pickup in the vortex 
area. 

2.3 Crevice Corrosion: To minimize possible crevice corro- 
sion, the corrosion wmples can be protected either by a 
fluorocarbon resin coating (applied by a fluidized bed 
technique and then stripped from the .face) or other 

FIGURE 1 -General  view of apparatus used in test. 
& 

impervious coatings resistant to the test Solution, or b 
machining the sample so it is completely circular (without 
s1iouId-x) and protected with fluorocarbon, sesin tape., in- 
the latter case, the specimen holders will have to be bar 
out to accommodate the circular test specimen. 

3. Equipment and Apparatus 

3.1 A general view of the~apparatus is shown in Figure 1. . 
Figure 2 is a cross sectionel side elevation view of the - 
support ring. Figures 3 through 5 arc detailed sketches " , 

apparatus. 

3.2 'The. solution is contained in a standard 2-gallon glass .$-: . , 
jar which is preferably provided with an internal circum-, ,: 

ferential groove or alternately three or four equally spaced 

, 

showing dimensions and tolerances of the .specimen support , -" 

.. , . .  . .  
. z  . , 

. 

. .  .,~ .. depressions. . ., - 

3.3 Support ring apparatus' . .  

~. 
": 

.. . .  . 
. , 1  ,.$ 

-", 
I i i  

3.3.1 The support ring consists of an annulus or ring 
ofpolytetrafluoroethyleneresin. Asuitable sue is G-1/2. 

5-1/2 in. (14.0 cm) high for an  8-port, 1-tier port ring. 
A 16-port, 2-tier port ring should be G in. (15.24 cm) 

in. (16.5 cm) 0. D. by 5-1[4 in. (13.3 cm) I. D. by 

high. . .  

. i  . .  

. .  
, . . .  * -  , 

3.3.2 The support ring is provided with a number (8 or 
16) of radially disposed shoulder ports which are ' e-;,,: 
'adapted to  receive the individual test coupon holders, 

.. .",.* . ..-=.. .. , 

FIGURE 2 - Cross-sectional side view of stirrer and I 
apparatus used to support test specimens. Diagram &oWS 

support ring (11, shoulder port (2). Specimen holder (31. 
metal test coupon (41, threaded r r e w  cap (51. positioning 

, -. 
",, -:':.,'' .i 

n r s w  IG1,paddle blade l7), paddleshaft (8). glassjar(9l.a 
deprcssion or groove in glass iar (101. 

1 
. . ~ ... ~. 

~ ~ ~~~ ~ 
, 

~ .. 
- ~ ~~~ ~ ~ ~~~~~ ~~~ 
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I 
Bottom View Side View 

(Tightening Screw) 

Side View Top View 
(Positioning Screw) 

FIGURE 3 - Dimensions for tightening screw (top1 which 
are necessary to prevent the specimen holders from being 
pushed out by the force o f  the agitator. Three or four 
poritioningwrews (bottom) are necessary t o  space the holder 
precirely i n  the test jar and to  keep the holder from rotating. 

space the holder precisely and to restrain the holder 
from rotating. The outboard end of the screws seat in 
the groove or depressions in the glass jar. The screws 
are slotted on the inboard end so that they can be 
tightened with a coin or small screwdriver. 

3.4 Test coupon holders 

3A.1 The test coupon holders (machined from rods of 
polytetrafluoroethylene resin) are machined on the 
outside to fit snugly in the radial ports and flush with 
the inside diameter of the support ring. The inside 
surfaces are bored in order to have a tight, forced fit  
with the metal corrosion coupon, the shoulder 
providing an additional seal for leak tightness. The 
coupon is further locked in place by a threaded 
polytetrafluoroethylene resin screw cap (specimen 
retainer), sealing off the back face of the coupon 
against corrosive fluid leakage from the outside of the 
ring. 

3.4.2 The ioupon, holder, and retainer are inserted in 

.. _.. .... 
the radial ports and held in place with polytetrduoro- 
ethyIene tightening screws, which fit tapped holes in 
the support ring(Figure 5) between each port. 

f:' ~ : ~ . (.. 'A' I 

"I -. 
2. . .  .~ .. . .  .. 9 

3.5 Test coupons 

3.5.1 Test coupons typically have a 1 in. (2.54 cm) 
diameter face, a I-1/8 in. (2.86 cm) diameter shoulder 
and are 1/4 in. (0.64 cm) thick with the shoulder 
disposed at half thickness (Figure 6). 

3.5.2 The face of the coupon must be absolutely flush 

. 

Bottom View . .  'a . (Specimen Retainer) ~~' ' . .  . '  

.- 
: ,E 

Side View 

(Specimen Retainer) 
f 

13/8-18U.N.E.F.-3A 

-18U.N.E.F,-3B 

Side View-Section 
(Specimen Holder) 

-.----4 1 

1.970 f 0.01 0 
,730 * 0.010 

Bottom View 

(Specimen Holder) 

Note: Caunterbore 2 in dia. 
Til l  Inserts Fit Flush 
a t  Points A as Above 
in Section of Plug 

Top ViewSect ion of 

FIGURE 4 - Details of test specimen holders and retainers . ' , 

. <i. 

. .  .. and the plugs used t o  blank-off ports not in use.. 
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Vapoi Recovery System. A system designed to capiure and re- 
tain. without processing, vapors displaced during filling operations 
at service stations, bulk plants. or terminals. Examples are balanced- 
pressure vapor displacement systems and vacuum assist systems 
without vapor processing. 

As s ~ ~ ~ d ' i r d  i n  this code, vrntilaiio~l is for 1 1 1 ~  
] ~ r c v s ~ i t i ~ i  o1'fire and  esl~losio~~.  I t  is considrred adcclu:ite i f  i t  is suf. 
ficicnt to prevent accunruliition of significant quantities of vapor-air 
mixtures in concentration over one-fourth of the lower flammable 
limit. 

Ventilation. 

Warehouses. 

GFneral Purpose Warehouse. A separate, detached building 
or portion of a building used only for ivarehousin.e-tvoe ooerations. 

Liquid Warehouse. A separate, detached building or at- 
tached building used for warehousin~-typc opcrations Cor liquids. 

1-3 Storage. 
cordance with C11:qiter 2 or Chapter 4. 

Liquids sball he stored in tanks or in containers in ac- 

1-4 Pressure Vessel. 
shall comply wi th  1-4.1, 1-4.2 or 1.4.3, as applicable. 

All ncw prcssurc vessels containing liquids 

1-4.1 Fired pres3ure vessels sball be designed and constructed in ac- 
cordance with Section 1 (Power Boilers) 1971, or Section VIIl, Divi- 
sion 1 or Division 2 (Pressure Vessels) 1974, as applicable, of the 
ASME Boiler and Pressure Vessel Code*. 

'14.2 Unfired pressure vessels shall be designed and constructed in 
accordance with Section VIlI. Division 1 or Division 2. 1974 of the 
ASME Boiler and Pressure Vessel Code*. 

1-4.3 Fired and unfired pressure vessels which do not conform to 
1-4.1. or 1-4.2 may be used provided approval has been obtained 
from the state or other governmental jurisdiction in which they are to 
be used. Such pressure vessels are generally referred to as "State 
Special." 

Chapter 2 T a n k  Storage 

2-1 Design and Construction of Tanks. 

7-1 - 1  Materials. Tanks shall be designed and built in accordance - -._ . 
with recognized good engineering standards for the material of con- 
struction being used, and shall be of steel with the following limita- 
tions and exceptions: 

1. Installation underground. or 
2. Use where required by the properties of the liquid stored, or 
3. Storage of Class lI lB liquids abovepound in areas not expos- 

ed to a spill or leak of Class I or Class I1 liquid, or 
4. Storage of Class IIIB liquids inside a building protected by 

an approved automatic fire extinguishing system. 
(c) Unlined concrete tanks may be used for storing liquids having 

a gravity of 40 degrees API or heavier. Concrete tanks with special 
linings may be used for other services provided the design is in 
accordance with sound engineering practice. , 

I 

(d) Tanks may have combustible or noncombustible linings. 
(e) Special engineering consideration shall be required if the 

specific gravity of the liquid to be stored exceeds that of water or if 
the tank is designed to contain liquids at a liquid temperature below 
O'F (-17.8OC). 

i 



2-1.3 Atmospheric Tanks. 
2-1.3.1 Atmospheric tanks shall be built in accordance wit\ 
rrcogniicd standards of des ip .  Atmospheric tanlcs may br built an< 
usrd within thc  scoprs of tlic following: I 

(b) American Petroleum Institute Standard NO, 650, Welded I Steel Tanlrr,for Oil Storage, Sixth Edition. 1978.** 
(c) American Petroleum lnstitute Specifications 12B, Bolted 

Tanks for  Storage of Production Liquids, Twelfth Edition, January 
1977**: 12D, Field Welded T a n k  f a r  Starage of Production Li. 
quids, Eighth Edition. January 1977**; or 12F, Shop W d d e d  Tap& 
for Storage of Production Liquids, Seventh Edition. lanuam 1977** 

" 
(d) Steel Tank Institute Standard No. STI-P3, Specficationfor 

STI-P3 Systeni of Corrosion Proteclion of Undergrozcnd Steel SloraEe 
TunRr, I980**'. 

2-1.3.2 
mospheric tanks. 

Low pressure tanks and pressure vessels may be used as at- 

2-1.3.3 
uid at a temperature at or above its boiling point. 

2-1.4 Low Pressure Tanks. 

Atmospheric tanks shall not he used for the storage of a liq- 

2-1.4.1 
the design pressure of the tank. 

The no'rmal operating pressure of the rank shall not exceed 

2-1.4.2 Low pressure tanks shall be built in accordance with 
recognized standards of design. Low pressure tanks may be built in 
accordance with: 

(a) American Petroleum Institute Standard No. 620, Rccom. 
mended Rulesfor the Design and Construction of Large, Welded, 
Low-Pressure Storage T a n k ,  Fifth Edition, 1973.** 

TANK STORAGE ._- 
(I,) The principles of the Codejo? Unfired Presurc Ymels ,  S e e  

ljoli VIII, Division I of the ASME Boiler and Pres57~re Vesscls Code, 
1974 Edition*. 

2-1.1.3 Tanks built according to Underwriters Laboratories Inc. 
rcquirrmenls in 2-1.3.1 may be used for operating pressures not ex- 
ccrding 1 psis (G.895 kPa)~and sh;ill be limited to 2.5 psis (17.2.1 
k l b )  under cmer~!pcy ventlng conditions. 

2-1.4.4 

2-13 Pressure Vessels. 
2-1.5.1 
cccd the design pressure of the vessel. 

2-1.5.2 
shall meet the requirements of Section 1-4. 

2-1.6 Provisions for Internal Corrosion. 
2-1.6.1 When tanks ~ T C  nor d e s p e d  in accordance with ,the 
Americaii~PeiroleLm-'Institute. American Society of Mechanlcd 
Engineers or the Underwriters Laboratories Inc. Standards, or if cor- 
rosion is anticipated beyond that provided for in thc desl<v formulas 
used, additional metal thickness or suitable protective ,coatings or 
linings shall be provided to compensate for the corrosion loss ex- 
pected during the design life of the tank. 

2-2 Installation of Outside Aboveground Tanks. 
2-2.1 Location With Respect to Property Lines, Public Ways and 
Important Buildings on the Same Property. 
2-2.1.1 Every aboveground tank for the storage of Class I, Class 11 
or Class IIIA liquids, except as provided in 2-2.1.2,and those liquids 
with boil-over characteristics and unstable liqulds. operating at 
pressures not in excess of 2.5 psig (17.24 kPa) and deslqed with a 
weak roof-to-shell seam or equipped with emergency ventlng devices 
which will not permit pressures to exceed 2.5 psig (17.24 kPa). shall 
be located in accordance with Table 2-1. 

(a) For the purpose of Section 2-2, a floating roof tank is defined 
as one which incoiporates either: 

1. A pontoon or double deck metal floating roofin an open top 
tank in accordance with API Standard 650, or 

Pressure vesscls may be used as low pressurc tanks. 

The normal operating pressure of the vcsscl shall not ex- 

Storage tanks designed to withstand pressures above 15 psig 
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2-2.6 Vent Piping for Al&csround Tanlrs. 
2-2.6.1 
Chapter 3.  

Vcnt piping sliall lie constructed in accordilllce 

2-2.6.2 Where vent pipe outlets for tanks storing Class I liquids a re ,  I 
adjacent to buildings or public ways, they shall be located so that the 
vapors are released at a safe point outside of buildings and not less 
than 12 f t  (3,,7 m) above the adjacent ground level. In order to aid 
their dispersion, vapors shall be discharged upward or horizontally 
away from closely adjacent walls. Vent outlets shall be located so that 
flammable vapors will not be trapped by eaves or other obstructions 
and shall be at least 5 f t  (1.5 m) from building openings. 

2-2.6.3 The manifolding of tank vent piping shall be avoided ex. 
cept where required for special purposes such as vapor recovery. 
vapor conservation or air pollution control. When tank vent piping is 
manifolded, pipe sizes shall be such as to dischargc, within the 
pressure limitations of the system, thevapors they may be required to 
handle when manifolded tanks are subject to the same fire exposure. 

2-2.6.4 Vent piping for tanks storing Class I liquids shall not be 
manifolded with vent piping for tanks storing Class I1 or Class 111 liq- 
uids unless positive means are provided to prevent thc vapors from 
Class I liquids from cnterinc tanks storine Class II or C,!AS* 1 1 1  1;". 

-7 ~~ .. .-. uids. to prevent contaminaGon (see 1-1.2) " and possible change in 
classification of the less volatile liquid. 

2-2.7 T:inkOpeuinpOtherThanVents for AbovegroundTanks. 
2-2.7.1 Each connection to an aboveground tank through which 
liquid can normally flow shall be provided with an internal or a n  ex. 
ternal valve located as close as practical to the shell of the tank. 

2-2.7.2 Each connection below the liquid level through which liq- 
uid does not normally flow shall be provided with a liquidtight 
closure. This may bc a valve. plug or bliqd, or a combination of 
these. 

2-2.7.3 Openings for gaging on tanks storing Class I liquids shall be 
provided with a vaportight cap or cover. Such covers shall be closed 
when not gagigg. 

2-2.7.4 For Class IB and Class IC liquids other than crude oils, 
gasolines and asphalts, the fill pipe shall be so designed and installed 
as to minimize the possibility of generating static electricity. A fill 
pipe entering the tap of a tank shall terminate within 6 in. (152.4 
mm) of the bottom of the tank and shall be installed to avoid cx. 
cessive vibration. 
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2-2.7.5 1:illing and eniptying C . O ~ I W C ~ ~ O I I S  1'or C1;m I ,  Cl;iss I1 ;ind 
Class IIIA liquids which are niadc,and broken sliall be 1oc;ited out .  
side of buildings at  a location free from a ~ y  sourcc of ignition and 
not less than 5 f t  ( 1 . 5  m) away from any bullding opening. Such con- 
nections for any liquid shall be closed and liquidtight when not in use 
and shall be pioperly identified 

2-3 Installation of Underground Tanks. 
2-3.1 Location. Excavation for undergrpund storage tanks shall 
be made with due care to avoid undermining of foundations of ex- 
isting structures. Underground tanks or ,tanks under buildings shall 
be so located with respect to existing building foundations and sup- 
ports that the loads carried by the latter cannot be transmitted to the 
tank. The distance from any part of a tank storing Class I liquids to 
the nearest wall of any basement or pit shall be not less than 1 f t  
(0.3048 m), and to any property line that can he built upon, not less 
than 3 ft (0.91 m). The distance from any part of a tank storsing Class 
I1 or Class IIf liquids to the nearest wall of any basement. pit or pro- 
perty line shall be not less than 1 f t  (0.3048 m). 

2-3.1 Burial  Depth and Cover. 
2-3.2.1 Steel underground tanks shall be set on firm foundations 
and surrounded with at least 6 in. (152.4 mm) of noncorrosive inert 
maltrial such as clean sand or gravel wcll-tamped in place. T'he tank 
sliall bc placcd in the holc with care, since droppins or rolling thc 
tank into the hole citn break a weld. puncturc or d:imaSc the tank, or 
scrape off thc protective coating of coated tanks. 

2-3.2.2 Steel underground tanks shall be covered with a minimum 
of 2 It (.6096 m) of earth, or shall be covered with not less than 1 f t  
(0.9048 m) of earth, on top of which shall be placed a slab of rein- 
foxed concrete not less than 4 in. (101.6 mm) thick. When thcy are, 
or arelikely tobe,  subjected to traffic, thcy shall be protected against 
damage from vehicles passing over them by at least 3 ft (0.91 m) Of 
earth cover, or 18 in. (457.2 mm) of well-tamped earth plus either G 
in. (152.4 mm) of reinforced concrele or 8 in. (203.2 mm) Of 
asphaltic concrete. When asphaltic or reinforced concrete paving is 
used as part of the protection, it shall extend at  least 1 f t  (0.3048 m) 
horizontally beyond the outline of the tank in all directions. 

2-3.2.3 Nonmetallic underground tanks shall be installed in accor- 
dance with the manufacturer's instructions. The mh~imum depth Of 
cover shall be as specified in 2-3.2.2 for steel tanks. 

I 
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uid. I f  the depth of covc'r isgreater than the tbn'k diameter, the tani 
manufacturer shall be consulted to determine if reinforcement is re 
quired. 

2-3.3 Corrosion Protection. Unless tests show that soil resistivity i: 
l0,OOg ohm-centimeters or more, and there are no other corrosive 
conditions. tanks and their piping shall be protected by either. 

(a) a properly installed and maintained cathodic protectior 
system with or without coatings, or 

(b) corrosion resistant materials of construction such as special 
alloys, fiber glass reinforced plastic. or fiber glass reinforced plastic 
coatings, or equivalent approved system. Selection of the type of pro  
tection to be employed shall be based upon the corrosion history 01 
the area and the j u d p e n t  of a qualified engineer. 
(See API Publication 16151979, Installation of Uudergiound 
Petroleum Storage Systems, f o r  further information. *) 

2-3.4 Abandoned Undergmound Tanks. 
2-3.4.1 
ed or disposed of in a safe manner. (SOE Aphendix B.) 

Underground tanks taken out of service shall be safeguard. 

2-3.5 Vents for Underground Tanks. 
2-3.5.1 Location and Arrangement of Vents for Class I 
Liquids. Vent pipes from underground storage tanks storing Class 
I liquids shall be so'located that the discharge point is outside of 
buildings, higher than the fill pipe opening. and not less than 12 ft 
(3 .7  m) above the adjacent ground level. Vent pipesshall not be 
obstructed by devices provided for vapor recovery or other purposes 
unless the tank and associated piping and equipment are otherwise 
protected to limit back-pressure development to less than the max- 
imum working pressure of the tank and equipment by the provision 
of pressure-vacuum vents, rupture discs or other tank venting devices 
installed in the tank vent lines. Vent outlets and devicessha11 be pro- 
tected to minimize the possibility of blockage from weather, dirt or 
insect nests, and shall be so located and directed that flammable 
vapors will not accumulare or travel to an unsafe location, enter 
building openings or be trapped under eaves. Tanks containing Class 
IA liquids shall be equipped with pressure and vacuum venting 
devices which shall bc normally closed except when venting under 
pressure or vacuum conditions. Tanks storing Class IB or Class IC 
liquids shalI be equipped with pressure-vacuum vents or with listed 

x ~ l & ~ A m e r i c ~ n  I'CI~OICUW 1n5iiiu:e. 2101 I. si,, N.w., nc 
20037. 
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2-3.2.4 For tanks-built in accordance with 2.1,3.1(a), the burial! flame arresters. Tank; storing gasoline are exempt from the re- 
depth shall be such that the static head imposed a t  the bottom of the! quirements for pressure and vacuum venting devices, except as re- 
tank will not exceed 10 psip if the fill or vent quired to prevent excessive back pressure. or flame a r r e s ty ,  provid- 

d the vent does not exceed 3 in. (76.20 mm) nommal inside 
ar? filled 1ia 

_ _  .~~~ 
diameter. (See also 7-2.1.1 .) 
2-3.5.2 Vent Capacity. Tank venting systems shall be provided 
with sufficient capacity to prevent blowback of vapor or liquid at  the 
fill opening while the tank is being filled. Vent pipes shall not be less 
than 1 % in. (31.75 mm) nominal inside diameter. The required ven- 
ting capacity depends upon the filling or withdrawal rate, whichever 
is greater, and the vent line length. Unrestricted dent piping sized in 
accordance with Table 2-10 will prevent back-pressure development 
in tanks from exceeding 2.5 psig (17.24 kPa). Where tank venting 
devices are installed in vent lines, their flow capacities shall be deter- 
mined in accordance with 2-2.5.9. 

Tnhlc 2-10 
Vent Line Diimetcrs 

Maximum Flow Pipe Lcngth' 200 ft. 
100 ft. 50 ft. GPM 

100 lK-inch t X-fnch 1 X-inch 
200 lx- inch . 1M-mch 1 %-inch 
300 1 %-inch 1 %-inch I %-inch 

1 %-inch 1 %-inch %inch 
2-inch 

400 
500 IX-incb I %-inch 
600 lx- inch 2-inch 2-inch 

2-inch 2-inch 2-inch 700 
800 2-in~h 2-inch 3-inch 

2-inch 2-inch 3-inch 900 
2-inch 2-inch 3-inch 1000 

SI Units: I in. = 26.40 mm: 1 IC = 0.5048 "1. 

'Vmt lines of 50 fc.. LOO fr. and 200 fc. ol pipe plus 7 ells. 
2-3.5.3 Location and  Arrangement of Vents for Class I1 or Class 
IIIA Liquids. Vent pipes from tanks storing Class 11 or Class IIIA 
liquids shall terminate outside of building and higher than the fill 
pipe opening. Vent outlets shall be above normal snow level. They 
may be fitted with return bends, coarse screens or other devices to 
minimize ingress of foreign material. 
2-3.5.4 Vent piping shall be constructed in aFcordance with 
Chapter 3.  Tank vent pipes and vapor return piping shall be in- 
stalled without sags or traps in which liquid c a ~  collect. Condensate 
tanks, if utilized, shall be installed and mantamed so as to preclude 
the blocking of the vapor return piping by liquid. The vent plpes and 
condensate tanks shall be located so that they will not be subjected to 
physical damage. The tank end of the vent pipe shall enter the tank 
through the top. 
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2-3.5.5 When tank  vent piping is manifolded, pipe sizes shall bt 
such as to discharge, within the pressure limitations of the system 
the vapors they can be required to handle when manifolded tanks an 
filled simultaneously. Float-type check valves installed in tank open 
ings connected to manifolded vent piping to prevent product con 
tamination may be used provided that the tank pressure will not en 
cecd that permittcd by 2-32 .4  when tlle valvcs close. 

Exception: For service stations, the capacity of manifolded vent 
$$ing shall be sufficient to discharge vapors generated when t w ~  
manifolded tanks are simultaneowly filled. 

2-3.5.6 Vent piping for tanks storing Class 1 liquids shall not be 
manifolded with vent piping for tanks storing Class 11 or Class 111 liq. 
uids unless positive means are provided to prevent the vapors from 
Class I liquids from entering tanks storing Class 11 of Class 111 Iiq: 
uids. to prevent contamination (see I - J . 2 )  and possible change in 
classification of the less volatile liquid. 

2-3.6 Tank  Openings Other T h a n  Vents for Underground 
Tanks. 
2-3.6.1 Connections for all tank openings shall be liquidtight. 

2-3.6.2 Openings for manual gaging, if independent of the fill 
pipe, shall be provided with a liquidtight cap or cover. Covers shall 
be kept closed when not gaging. If inside a building, each shch open- 
ing shall be protected against liquid overflow ana possihle vapor 
release by means of a spring loaded check valve or other approved 
device. 

2-3.6.3 Fill and discharge lines shall enter tanks only through the 
top. Fill lines shall be sloped toward the tank. Underground tanks for 
Class I liquids having a capacity of more than 1,000 gal (3,785 L) 
shall be equipped with a tight fill device for connecti~ig the fill hose 
to the tank. 

2-3.6.4 For Class ID and Class IC liquids,other than crude oils, 
gasolines and asphalts, the fill pipe shall be so dcsigned and installcd 
as to minimize the possibility of generating static electricity by ter- 
minating within 6 in. (152.4 mm) of the bottom of the tank. 

2-3.6.5 Filling and emptying and vapor recovcry connections for 
Class I ,  Class II  or Class IIIG liquids which are made and broken 
shall be located outside of buildings at a location free from any 
source of ignition and not lcss than 5 f t  (1.5 m) away from ,any 
building opening. Such connections shall be closed and liquidtight 
when not in use and shall be properly identified. 
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2-3.6.6 Tank openings provided for purposes of vapor recovery 
shall be protected against possible vapor release by means of a 
springloaded check valve or% dry-break connection, or other ap' 
proved device, unless the openlng is pipe.connected to a vapor proc- 
essing system. Openings designed for combined fill and vapor 
recovery shall also be protected against vapo: release unless connec- 
tion of the liquid delivery linc to the f"l pipeslmultaneously connects 
the vapor rccdvery line. All connections shall be vaportight. 

2-4 Installation of Tanks Inside of Buildings. 
2 4 . 1  Location. 
except as provided in Chapters 5, 6 ,  7, 8 or 9. 

2-4.2 Vents. Vents for tanlcs inside of buildings shall be as re- 
quired in 2-2.4, 2-2.5, 2-2.6.2 and 2-3,5, except that emergency 
veniing by the use of weak roof seams on tanks shall not be per- 
mitted. Automatic sprinkler systems designed in accordance with the 
requirements of NFPA 13, Standard for the Installation of Sprinlrler 
Systems, may be accepted by the authority having jurisdlction as 
equivalent to water spray systems for purposes of calculating the re- 
quired air flow rates for emergency vents in 2-2.5.7.. Except for tanks 
containing Class IIIB liquids, vents shall termmate ouuide the 
buildings. 

2-4.3 Vent Piping.. Vent piping shall be constructed in accor. 
dance with Chapter 3. 

24.4 T a n k  Openings Other Than Vents for Tanla Inside 

Tanks shall not be permitted inside of buildings 

Buildings. 
2-4.4.1 Connections for all tank openings shall be liquidtight. 

24.4.2 Each connection to a tank inside'of buildings through 
which liquid can normally flow shall be provided with an internal or 
a n  external valve located as close as practical to th,e shell of the tank. 

2-4.4.3 Tanks for storage of Class I or Class I1 liquids inside 
buildings shall be provided with either: 

(a) a normally closed remotely activated valve, 
(b) an  automaticdosing heat-activated valve. or 
(c) another approved device on each liquid transfer connection 

below the liquid level, except for connectipns used Cor emergency 
disposal, to prodde for quick cut-oflof flobv In the event offire in the 
vicinity of the tank. 

This function can be incorporated in the v 2 v e  required in 2-4.4.2. 
and if a separate valve, shall be located adjacent to the valve re- 
quired in 2-4.4.2. 



2-4.4.4 Openings [or manual gagingoTClass I or Cl;~ss 11 liquids, i j  
independent of the fill pipe, shall be provided with a vaportight cap 
or cover. Openings shall be kept closed when not gaging. Each sucll 
opening for any liquid shall be protected against liquid overflow and 
possible vapor relcase by means of a spring Ioadcd check valve 01 
other approved device. Substitutes for manual gaging include, bui 
arc not limited to. heavy-duty flar gage glasses, magnetic, hydraulic 
or hydrostaric remote rcading devices and sealed float gages. 

2-4.4.5 For Class ID and Class IC liquids other than crudc oils, 
gasolines and asphalts, the f i l l  pipe shall be so designed and installed 
as to minimize the possibility of generating static electricity by fer- 
minating within 6 in. (152.4 mm) of the bottom of the tank. 

2-4.4.6 
cessive vibration of the pipe. 

2-4.4.7 The inlet of the fill pipe and the outlet of a vapor recovery 
line for which connections are made and broken shall be located out. 
side of buildings at a location free from any source of ignition and 
not less than 5 ft (1.5 m) away from any building opening. Such con- 
nections shall be closed and tight when not in use and shall be prop- 
erly identified. 

2-4.4.8 Tanks storing Class I, Ciass I1 and Class IIIA liquids inside 
building5 shall be equipped with a device, or other mean? shall be 
provided. to prevent overflow into the building. Suitable devices in- 
clude. but are not limited to, a float valve, a preset meter on the fill 
line, a valve actuated by the weight of the tank contents, a low head 
pump which is incapable of producing overflow, or a liquidtight 
overflow pipe a t  least one pipe size larger than the fill pipe discharg 
ing by gravity back to the outside source of liquid or to an approved 
location. 

The fill pipe inside of the tank shall be instaJled to avoid ex. 

2-4.4.9 Tank openings provided for purposes of vapor recovery 
shall be protected against possible vapor release by means of a 
spring-loaded check valve or dry-break connections, or other ap- 
proved device, unless the opening is pipe-connected to a vapor proc- 
essing system. Openings designed for combined fill and vapor 
recovery shall also be protected against vapor release unless connec- 
tion of the liquid delivery line to the fill pipe simultaneously connects 
the vapor recovery line. All connections shall be vaportight. 

2-5 Supports, Foundations and Anchorage for All Tank  Loca- 
tions. 

2-5.1 Tanks shall rest on thc ground or on foundations madr of 
concrete, masonry, piling or steel, Tank foundations shall he dc- 
signed to minimize the possibility of uneven settling of the tank and 
10 minimize corrosion in any part of the tank resting on the founda- 
tion. Appendix E of API Standard G50, Sfiecijicotiorl for Welded 
Steel Tanksfor  Oil Storage, and Appendix B of API Stalldarcl G20, 
Izcconimended Rules f o r  l h c  Design and Conslruclion of Large, 
IVelded, Low-Pressure Sforage Tankr,' provide informatio~~ on tank 
loundations. 

2-5.2 When tanks are supported above the foundations. tank sup- 
ports shall be installed on firm foundatjons. Supports for tanks stop 
ing Class I, Class I1 or Class 11th liquids shall be of concrete, 
masonry or protected steel. Single wood timber supports (not crib- 
bing) laid horizontally may be used for outside aboveground tanks if 
not more than 12 in. (304.8 mm) high at their lowest point. 

2-53  Steel supports or exposed piling for tanks storing Class I. 
Class 11 or Class IIlA liquids shall be protected by materials having a 
fire resistance rating of not less than 2<hrs. except that steel saddles 
need not be protected if less than 12 In. (304.8 mm) high at their 
lowest point. A t  the discretion of the authority havin(: jurisdiction. 
lvater spray protection in accordance with NFPA 15. Standard for  
Water Sfiray Fixed Systems f o r  Fire Protection, or NFPA 13,  Sta?l- 
dard fo7 the Installation of Sprihkler Systems, or equivalent may be 
used. 

2-5.4 The design of the supporting structure for tanks such 2s 
spheres shall require special engineering consideration. Appendix P*' 
of the API Standard 620, Recommended Rules for the Design and 
C o n s p t i o n  of Large, Welded, LOWRESSUTC Stora& Tunlu,* con. 
tains information regarding supporting structures. 

2-5.5 Every tank shall be so supported as to~prevcnt the cxcessivc 

2-5.G Where a tank is located in an area subject to flooding. provi- 
sions shall be taken ro prevent tanks,.either full or empty. from 
floating during a rise in water level up to the established maximum 
flood stage. 

2-5.6.1 Aboveground Tanks. 
2-5.6.1.1 Each vertical tank shall be located so that its,top extends 
above the maximum flood stage by at least 30 percent of Its allowable 
storage capacity. 

~ ~ t r o l ~ ~ r n  iledtute. elor 1. st.? N.w., \vmI>ityp>,  r)c 
20097. 

' concentration of loads on the supporting portlon of the shcll. 
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2-5.6.1.2 Horizontal tanks located so that more than 70 percent of 
the tank's storage capacity will be submerged at  the established flood 
stage shall be anchored; attached to a foundation of concrete or of 
steel and concrete of sufficient weight to provide adequate load for 
the tank when filled with flammable or combustible liquid and 
submerged by flood water to the established flood stage; or ade. 
quately secured from floating by other means. Tank vents or other 
openings which are not liquidtight shall be extended above max. 
imum flood stage water level. 

2-5.6.13 A dependable water supply shall be available for filling 
an empty or partially filled tank, except that where filling the tank 
with water is impractical or hazardous because of the tank's contents, 
tanks shall be protected by other means against movement or col- 
lapse. 

2-5.6.1.4 Spherical or spheroid tanks shall be protected by ap- 
plicable methods as specified for either vertical or horizontal tanks. 

2-5.6.2 Underground Tanks. 
2-5.6.2.1 At locations where there is an ample and dependable 
water supply available, underground tanks containing flammable or 
combustible liqdids. so placed that more than 70 percent of their 
storage capacity will be submerged at the maximum flood stage, 
;half be so anchored, weighted or secured as to prevent movement 
#hen filled or loaded with water and submerged by flood water to 
.he established flood stage. Tank vents or other openings which are 
lot liquidtight shall be extended above maximum flood stag- water 
evel. 

!-5.6.2.2 At locations where there is no ample and dependable 
vat& supply or where filling of underground tanks with water is im. 
mctical because of the contents, each tank shall be safeguarded 
:gainst movement when empty, and submerged by high ground 
rater or flood water by anchoring or by securing by other means. 
iach such tank shall be so constructed and installed that it will safely 
esist external pressures if submerged. 

,-6.6.3 Water Loading. The filling of a tank to be protected by 
rater loading shall be started as soon as flood waters are predicted to 
each a dangerous flood stage. Where independently fueled water 
umps are relied upon, sufficient fuel shall be available at all times 
D permit continuing operations until all tanks are filled. Tank valves 
,]all be closed and locked in closed position when water loading has 
e m  completed. 
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2-5.6.4 Operatins Instmcdons. 
2-5.6.4.1 Operating instructions or procedures to be followed in a 
flood emergency shall be readily available. 

2-5.6.4.2 Personnel relied upon to carry out flood emergency pro- 
cedures shall be informed of the locatlon and operation of valves and 
other equipment necessary to effect the intent of these requirements. 

2-5.7 In areas subject to earthquakes, the tank supports and con- 
rlections shall be designed to resist damage as a result of such shocks. 

2-13 Sources of Ignition. 
2-6.1 In locations where flammable vapors,may be present, precau- 
tions shall be t a p n  to prevent Ignition by eliminating or controlling 
sources of ignition. Sources of ignition may include open flames, 
lightning, smoking, cutting and welding, hot surfaces, frictional 
heat, sparks (static, electrical and mechanical), spontaneous igni- 
tion, chemical and physical-chemical reactions and radiant heat. 
NFPA 77. Recommended Practice on Static Electricity, and NFPA 
7 8 ,  Lightning Protection Code, provide information on such protec- 
tion. 

2-7 Testing. 
2-7.1 All tanks, whether shop-built or field-erected, shall be tested 
before they are placed in service in accordance with the applicable 
paragraphs of the Code under which they were built. The  ASME 
Code stamp, API monogram, or the Listing Mark of Undeyritefs 
Laboratories Inc. on a tank shall be evidence of comphance wlth thls 
test. Tanks not marked in accordance wlth the above Codes shall be 
tested before they are placed in service in accordance wlth good 
engineering principles and reference shall be made to the sections on 
testing in the Codes listed in 2-1.3.1,  2-1.4.2, or 2-1.5.2. 

2-7.2 When the vertical length of the fill and vent pipes is such that 
when filled with liquid the static head imposed upon the bottom of 
the tank exceeds 10 Ihs per sq in. (68.95 kPa), the tank and related 

iping shall be tested hgdrostadcally to a pressure equal to the static 
Read thus imposed. In special cases where the helght of the vent 
above the top of the tank is excessive, the hydrostatic test pressure 
shall be determined by using recognized engineering practice. 

2-7.3 In addition to the test called for in 2-7.1 and 2-7.2, all tanks 
and connections shall be tested for tightness. Except .for 
underground tgnks, this tightness shall be made at opefating 
pressure with air, inert gas or water prior to placing the tank In ser- 
vice. In the case of field-erected tanks the test called for in 2-7.1 or 
2-7.2 may be considered to be the test for tank tightness. 
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Underground tanks and piping. before being covered, enclosed, or 
placed in use, shall be tested for tightness hydrostatically, or with air 
pressure at  not less than 3 lhs per sq in. (2O.GS kPa) and not more 
than 5 Ibs per sq in. (34.475 kPa). (See 3-7.Ifor teslingpressure pip- 
ing.) 

2-7.4 Before the tank is initially placed In service, all leaks or defor- 
mations shall be corrected in an acceptable manner. Mechanical 
caulking is not permitted for correcting leaks in welded tanksexcept 
pin hole leaks in the roof, 

2-7.5 Tanks to he operated at pressures below their design pressure 
may be tested by the applicable provisions of 2-7.1 or 2-7.2 based 
upon the pressure developed under full emergency venting of the 
tank. 

2-8 Fire Protection and  Identification. 
2-8.1 A fire extinguishing system in accordance with an applicable 
NFPA standard shall be provided or be available for vertical at- 
mospheric fixed roof storage tanks larger than 50,000 gal (189,250 
L) capacity storing Class I liquids if located in a congested area 
where there is an unusualexposure hazard tn the tank from adjacent 
property or to adjacent property from the tank. Fixed roof tanks stor- 
ing Class I1 or 111 liquids at  temperatures below their flash points and 
floating roof tanks storing any liquid generally do not require protec- 
tion when installed in compliance with Section 2-2. 

2-8.2 The application of NFPA 704, Identif iation oj’ the Fire 
Hazards of Materials, to storage tanks containing liquids shall not be 
required except when the contents have a health or reactivity degree 
of hazard of 2 or more or a flammability rating of 4. The marking 
need not he applied directly to the tank hut located where it can 
readily be seen, such as on the shoulder of an acccssway or walkway 
to the tank ortanlcs or on the piping outside of the dikcd area. If 
more than one tank is involved, the markings shall be so located that 
each tank can readily be identified. 

2-9 Prevention of Overfilling of Tanks. 
2-9.1 Tanks receiving transfer of Class I liquids from mainline 
pipelines or marine vessels and located in an area where overfilling 
may endanger a place of habitation or public assembly shall he 
either; 

(a) Gaged at frequent intervals while receiving transfer of prod- 
uct, and communications maintained with mainline pipeline or 
marine personnel so that flow can he promptly shut down or 
diverted, or 
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(b) Equipped with an independent high level alarm located ivhrre 

personnel are on duty during the Iransfer and can promptly arrange 
for flow stoppage or diversion, or 

(c) Equipped with an independent high level alarm system that 
will automatically shut down or divert flow. 

2-10 Leakage Detection and  Inventory Records for UndcrSround 
Tanks. 
2-10.1 Accurate inventory records or a leak detection program 
shall he maintained on all Class I Liquid Storage Tanks for indica. 
tion of possible leakage from the tanks or associated piping. (See 
NFPA 329, Unde?-ground Leakage of Flammable and Combustible 
Liquids.) 

I 

I 
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Chapter 3 Piping, Valves and Fittings 

3-1 General. 
3-1.1 The design, fabrication, assembly, test and inspection of pip- 
ing systems containing liquids shall be suitable for the expected 
working pressures and structural stresses. Conformity with the ap. 
plicable sections of ANSI B31, American National Standard Code 
for Pressure Piping, and the provisions of this chapter shall he con- 
sidered prima facie evidence of compliance with the foregoing provi- 
sions, 

3-1.2 This chapter docs not apply to any of the following: 

nected directly thereto. 
(a) Tubing or casing on any oil or gas wells and any piping con- 

(b) Motor vehicle, aircraft. boat or portable or stationary e n ~ n e .  .~ 
(c) Piping within the scope.of any applicable boiler and pressure 

vessel code. 

3-1.3 Piping systems consist of pipe, tubing. flanges, bolting, 
gaskets, valves, fittings, the pressure containing parts of other com- 
ponents such as expansion joints and strainers, and devices which 
serve such purposes as mixing, separating, snubbing. distributing, 
metering, or controlling flow. 
3-2 Materials for Piping. Valves and  Fittings. 
3-2.1 Pipe, vaIves. faucets, fittings and other pressure containing 
parts as covered in 3-1.3 shall meet the material specifications and 
pressure and temperature limitations of ANSI B31,3-1973*, 
Petroleum Rejnery piping, or ANSI B31.4-1974*, Liquid 
Petroleum Transkortalion Pifiing Systems. except as provided by 
3.2.2, 3-2.3. and 3-2.4. Plastic or similar materials, as permitted by 
3-2.4, shalI be designed to specifications embodying recognized 
engineering principles and shall be compatible with the fluid service. 

3-2.2 Nodular iron shall conform to ASTM A395-74, Ferritic 
Ductile Iron Pressure Retaining Castings for Use at  Elevated 
Temperatures, * * 
‘Availnblc from the American Socicty of Mcchanical Enginerrs. United Engineering- 
Center. 315 East 47th St., New York. NY 10017. 

”Available from American Society for Teting and Materials. 1916 Rice St., 
Philadelphia, PA 19103. 
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3-2.3 Valvcs at storage tanks, a i  required by 2-2.7.1 and 2-4.1.2, 
and their connect!ons to the tank shall be of steel or nodular iron ex- 
cept as provided in 3-2.3,l or 3-2.3.2. 

Valves at storage tanks may be other than steel or nodular 
iron when the chemical characteristics of the liquid stored are not 
compatible with steel or when installed internally to the tank, When 
installed externally to the tank, the material shall have a ductility 
and melting point comparable to steel or npdular iron so as to with. 
stand reasonable stresses and temperatures involved in fjre exposure, 
or otherwise be protected such as by materlals having a fire resistance 
rating of not less than 2 hrs. 

3-2.3.2 Cast iron, brass, copper, aluminum, malleable iron, and 
similar materials may be used on tanks described in 2-2.2.2 or for 
tanks storing Class llIB liquids when the tank is located outdoors and 
not within a diked area or drainage path of a tank storing a Class 1. 
Class 11 or Class IIIA liquid. 

3-2.4 Low melting paint materials, such as aluminum, copper and 
brass: or materials which soften on fire exposure, such as plastlcs; or 
nonductile material, such as cast iron, may be used underground for 
all liquids within the pressure and temperature limits of ANSI B31, 
American National Standard Code for Pressure Piping*. If such 
materials are used outdoors in aboveground piping systems handling 
Class I .  Class I1 or Class IIIA liquids or within buildings handling 
any  liquid, they shall be either: (a) suitably protected against fir? ex- 
posurc. or [b) so located that any leakage resulting from the failure 
would not unduly expose persons, important buildings or structures. 
or (c) located where leakage can readily b.e controlled by operation of 
an accessible remotely located valve or valves. 

3-2.5 Piping, valves and fittings may have combustible or non- 
combustible linings. 

- P S N G ,  V A L V E Z X D  FITTINGS ~ 

, 3-2.3.1 

3-3 Pipe Joins .  
3-3.1 Joints shall be made liquidtight and shall be either welded, 
flanged or threaded, except that listed flexible connectors may be 
used when installed in accordance with 3-3.2. Threaded join? shall 
be made up tight with a suitable thread sealant or lubricant. Joints in 
piping systems handling Class 1 liquids shall he welded when located 
in concealed spaces within buildings. 

3-3.2 Pipe joints dependent upon the friction characteristics or 
resiliency of combustible materials for mechanical continuity or liq- 
uid-tightness of piping shall not he used inside buildings. They may 
*Awilnblc from thc American Socicly of Mechanical &>gincum. Unilcd Kn$lncerlv$ 
Ccnter. $45 E ~ t 4 7 1 h  SI.. New York, NY 10017. 
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be used outside of buildings above or below ground. If  used 
aboveground outside of buildings. the piping shall either be secured 
to prevrnt disengagement at  the fitting, or the pipingsystem shall be 
so ilrsigncd that any  spill rissultinp from disrngagement cottlil not 

.I . I  unduly cs11osc ~ ~ c r s i ~ ~ i s , ~ i ~ n ~ ~ o r t ~ ~ ~ i t  i~Lilc~ings or  stl-ucturrs. and could 
he readily controlled by remote valves. 

3-4 Supports. 
3-4.1 Piping systems shall be substantially supported and protected 
against physical damage and excessive stresses arising from settle- 
ment, vibration, cxpansion or contraction. The installation of 
nonmetallic piping shall be in accordance with the manufacturer’s 
instruciions. 

3-5 Protection Against Corrosion. 
3-5.1 All piping for liquids, both aboveground and underground, 
where subject to external corrosion, shall bc painted or otherwise 
protected. (See 2-3.3 f o r  protection of piping connecied to 
underground tanks.) 

3-6 Valves. 
3-6.1 Piping systrms shall contain a sufficient number of valves to 
operate thc system proprrly and to protect the plant. Piping systems 
in connection with pumps shall contain rl sufficient number of valves 
to control properly the flow of liquid in normal operation and in the I event of physical damage. Each connection to piping by which 
equipment such as tank cars, tank vehicles or marine vessels 
discharge liquids into storage tanks shall be provided with a check I valve for automatic protection against back-flow if the piping ar- 
rangement is such that back-flow from the system is possible., (See 
also 2-2.7.1.) 

3-7 Testing. 
3-7.1 Unless tested in accordance with the applicable sections of 
ANSI B31, American National Standard Coda f o r  Pressure P+ing,* 
all piping before being covered, enclosed or placed in use shall be 
hydrostatically tested to 150 percent of the maximum anticipated 
pressure of the system, or pneumatically tested to 110 percent of the 
maximum anticipatcd prcssure of the system, but not less than G Ibs 
per sq in. (34.18 kPa) 67ge at the highest point of the system. This 
test shall bc maintained for a sufficient time to complete visual in- 
spection of all joints and connrcrions, but for at least 10 minutes. 

I 

___ - 
‘ A v i n ! n ~ h c  American Society of Mechanical Enginrcrr, Wnitcd Engineering 
Center, 345 East 17th Sr.. New York, NY 10017. 

Chapter 4 Container and Portable T a n k  Storage 

4-1 Scope. 
4-1.1 This chapter shall apply to the storage of liquids. including 
flammable aerosols, in drums or other containers not exceeding GO 
gal (‘227.1 L) individual capacity and portable tanks not exceeding 
6GO gal (2,498.1 L) individual capacity and limited.transfers inciden- 

Chapter tal thereto. 2 shall For apply. -portable tanks exceeding G60 gal (2,498.1 L), I 
4-1.2 

(a) Storage of containers in bulk plants, service stations, 
refineries, chemical plants and distilleries. 

(b) Liquids in the fuel tanla of motor vehicles. aircraft, boats or 
portable or stationary engines. 

(c) Beverages. when packaged in individual containers not ex- 
ceeding a capaclty of one gallon. 

(d) Medicines, foodstuffs, cosmetics and other consumer products 
containing not more than 50 percent by volume of water miscible liq. 
uids and with the remainder of the solution not being flammable 
when packaged i n  individual containers not exceeding one gallon in 
sire. 

(e) The storage of liquids that have no fire point when rested by 
ASTM D 92-72. the Cleveland.Open Cup Test Method. up to the 
boiling point of the liquid, or up to a temperature a t  which the sam- 
ple being tested shows an obvious physical change. 

(r) T h e  storage of distilled spirits and wines in wwdcn barrels or 
casks. 

4-13  For the purpose of this chapter, unstable liquids and f l im-  
mable aarosols shall be treated as Class Ih liquids. 

4-2 Design, Construction, and  Capacity of Containers. 
4-2.1 Only approved containers and portable tanks shall be used. 
Metal containers and portable tanks meeting the requirements of, 
and containing products authorized by, Chapter I ,  Title 49 of the 
Code of I;admal Regulations (DOT Regulations). or NFI’A 3HG. 
Standard f o r  Portable Shijf>ing T u n h ,  shall bc acceptable. 
Polyethylene Containers meeting the requirements of, and contallling 
producis authori7.ed by, DOT Specification 34. and polyrtllylcnc 
drums authorized by DOT Exemption Procedures, shall be acccpl- 
able. Plastic containers, meetmg the requirements of ANSIIASTM 

This chapter shall not apply to the following: 



' 61. National Fire Protection 
Association, Inc. Flammable 
and Combustible Liquids Code 
1981, (NFPA 3 2 9 ) ,  Quincy, 
Massachusetts, June 1983 

Index to Rulemaking File Underground Storage Tank Regulations Title 23, 'Waters 
Division 3, Water Resources Control Board Chapter 16, Underground Storage Tank 
Regulations 1985 
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NOTICE 

Ai1 qircrtions or other cammun!otiolis relaiing to ;his documcni should bC rent only 
to NFPA Mcadquartcrs, addressed to the atlentidnaf the Cammittce rcspunsible for 
the documeni. 

FW infomation oh obtaining Formal intcrprdvtions a i  ihc document, proposing- 
Tentative hierim Amendments. propsihg vmcndmenrs Iqr Committcc considnation. 
and appcais an mattcrs relating IO thc content af the document! write to the Vicc Preri. 
dent ahd Chief Engineer, National Fire Pratcction Association, Batteqmarch Park! 
Quincy. MA 02269. 

A s1.1tcmc111. Written br oral. tliili  is not jroCCSsCd in iiccordancc with S6ction 16 of- 
the Kcguiarianr Governing Committee Projects rhail not bc considered the official 
position of NFPA or any of its Cammittccr and shall not be considered to be, nor be 
ieiicd upon as, a Formal Interpretation. 

Users of this documcnt should consult appiicable Federal, State and lacs1 iaws and 
regulations. NFPA does not, by ihc pubiicntion of this document. intend to urge ac- 
tion which is not in compliance with applicable laws and this document ma> not be 
construed as doing $0. 

Policy Adopted by NFPA Board of Directors on Dccember 3; 1982 

The Board of Directors rSaffirms that the Nationdl Fire Protection Association 
iecognires that the tbxlciiy of the products of combustion is an important factor in the 
101s of life from firc. NFPA has dedi  with that subject in its technical comrniitcc 
documents for many years. 

additional toxic products of combustion in a fire environment. The Board hay. 
therefore, asked aii NFPA technical cornrnittces to review the documents for which 
tiicy arc rcsponribie td be sure that  the documenis respond to this current mnccm. To 
&St the committee, in meeting this rcquest. rhc Board has appointed an advisory 
commitiec to provide specific guidance to the technical committces on questions 
relating IO assessing the hazards of the products of combustion. 

There is a concern that the growing use ofsynthetic materials may produce more or . 
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Licenaing P r o v i a h  

'This document i s  copyrighted by the National Fire Pratcctbn Associstion (NFPA). 
Public a u h r i t i e s  2nd others a m  urgcd to rcfercnce this document in laws. dr- 
dinances. regulations and administrative orders or similar inrtruments. Any delctions, 
additions. and changes desired by thc adapting authority must be noted separately. 
Thosc using this method ("adoption by'reference") are rcqucstcd to notify ihe NFPA 
(Attention: Vice Prcsidcnt and Chief Engineer ) in writing of such "IC. 

The term "adbption Ly rclermcc" mcanr the citingofthc titic and publishing infor. 

(For iurcher eiphnntion. xc the Poiicy Cot1eerning the Adoplion, Pjinting and 

l"illi0" unly. 

Pubiication of NFPA Documents which is available upon rcqucsr from the NFPA.) 
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Recommended Practice for Handling Underground Leakage of 
Flammable and Combustible Liquids 

NFPA 329-1963 

1983 Edition of NFPA 329 

This edition of NFPA 529. Recommended Practice for  Handling 
Undergrobnd Leakage of Flammable and Combustible Ltquids, was 
prepared by the Technical Committee on Tank Leakage and Repair 
Safeguards (released by the Correlating Committee on Flammable 
Liquids), and acted on by the National Fire Protection Association, 
Inc; on May 18, 1983 at its Annual Meeting in Kansas City, Missourl. 
It was issued by the Standards Council on June 9, 1983 with an effec- 
tive date of June 29, 1989 and supersedes all previous editions. 

The 1983 edition of this standard has been approved tiy the 
American National Standards Institute. 

Changes other than editorial are indicated by a vertical rule in the 
margin of the pages on which they,appear. These lines are included 
as an aid to the user in identifying changes from the previous edition. 

Origin and Development of NFPA 329 

This Recommended Practice is an update of the Recommended 
Practice for  Handling Underground Leakage of Flammoble and 
Comburtible Liquids, NFPA 329 - 1977 edition. 

This Recommended Practice replaces the 1977, 1972, 1965 and 
1964 editions and a manual on this subject issued in 1959. The 
manual was preceded by a report (NFPA 30B) on the same subject 
which was withdrawn from publication in 1950. 
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IEITRODU~TION 329-5 

Recommended Practice for Handling Underground Leakage of 

Flammable and Combustible Liquids 

NFPA 329-1983 

Chapter 1 Introduction 

The purpose of this Recommended Practice is to provide a guide 
for the safe and efficient handling of flammable and combustible liq- 
uids when, for whatever reason, they are found unconfined and un- 
wanted. For the proper installation of underground tanks, see NFPA 
30, Flammable and Combustible Liquidr Code. 

1-1 The Problem. 
1-1.1 Flammable liquids phose, having a fl?sh point below I O O O F  
(37,SoC)] and combustible liquids [those having a flash point at or 
above 100°F (37.8OC)I are used by the millions of$gallons daily and, 
of necessity, are storsd and handled in locations immediately adja- 
cent to structures, facilities, and peqple; These liquids include 
chemicals, cleaning fluids, motor gasohnes, diesel fuel and heating 
oils. Motor gasolines are the most widely used of thkse liquids and 
they are commonly stored underground at service stations. 

1-12 In spite of constant effort to maintain and operate storage 
and transfer equipment properly, accidents do happen, equipment 
does fail, and people 'do make mistakes that sometimes permit the 
escape of these liquids. Leaks may develop from corrosion. or be 
caused by mechanical damage, or somc liquid may be spilled dufing 
transfer. Generally, the amount of liquid lost is small and i t  is 
dissipated by evaporation or is otherwise assimilated before it creates 
a serious problem. However, it occasionally happens that some flam- 

.mable or combustible liqhid finds its way into an underground facil- 
ity, such as a basement, utility conduit, sewer, or well. Whether or 
not it creates an immediate hazard will depknd on many things, such 
as how much liquid or its vapor is involved, where it is found, how it 
is confined, possible sources of ignition; etc. But, because a flam- 
mable or combustible liquid unconfined in the ground can move 
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from place to place, any indication <hat such liquids have escaped 
into the ground must be considered as a potential, if not immediate. 
hazard2 

1-2 Goaperation and Responsibility: 
1-2.1 The responsibility for proper handling of a suspected escape 
of flammable or combustible liquids,, or a potential hazard from such 
.an escape, will fall upon various individuals and organizations, The 
successful handling of these problems will depend upon the best 
possible cooperation between them. 

1-2.2 One of th: prime purposes ,of this guide is to provide a basis 
for this cooperation. Because, of the almost infinite variables in- 
volved, it can't be a rule hook in the strict sense of the word. It can, 
however, provide a definite course of cooperative action.that will en- 
sure the most effective use of skills and equipment, the fairest assess- 
ment of responsibility, and will result in the best possible protection 
of life and property. A positive, cooperative attitude of anyone 
potentially involved will benefit everyone, regardless of the final 
rcsults. Lack of cooperation could result in inadequate protection of 
life and property; 

1-2.3 Since leakage of flammable liquids, especially such liquids 
having low flash points, is a fire problem, necessary steps to be taken 
will normally be under the jurisdiction of the fire officials. It 
therefore becomes important for such officials to understand the 
many facets of the problem, and to secure the cooperation of in- 
terested groups as outlined above; 

1-2.4 Recent developments, problems and aititud.es have now also 
involved health and environmental officials. When dealing pardcu- 
l a d y  with water pollution and the mdre persistent slow or non- 
evaporating combustible liquidsi the concern of these officials may 
be paramount# 

1-2.5 The location of leaks, testing of tanks and pipink, removal of 
leaky tanks and removal of liquid in the earth will require.equipment 
a.nd facilities w.hich may be more available to the industries involved 
than to the public authorities. In addition, much of the work is not 
the responsibility of the fire department or.other agencies, hut rather 
is the responsibility of the owner of the leakng equipment. 

1-2.6 Regardless of the willingness of individuals or companies to 
cooperate with governmental agencies during an emergency, the 
agencies should recognize that they should officially request such 
cooperation, 

329-7 ~NTRODUCT~OP~ 

1-2.7 Whcn tanks a:e to be removed, or other work done on private 
equipment. or on private property, such as holes bei?g dug, this 
work must be authorized by the owner. Such authoilz'at!on generally 
is easy to secure if the work has bee? requested by officials. In s,ome 
cases. these requesis may of necessity be in the form of a wrttten 
order. Regardless of conditions leadership and, a close spirit of 
cooperation should be established by the responsible agency, 

1-2.8 In addition, those in, industry having special qualifications in 
dealing with leakage should be called upon for help and guidance; 
Their knowledge and experience should merit careful consideratlon. 

1-2.9 This guide is intended for the information of all organira- 
tions and persons involved. 

A ,  
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i Chapter 2 Procedure When Life or Property May Be in Danger 

2-1 Generalk The need for cooperative effort by many individuals 
and organizations is stressed in the introduction preceding this , 
chapter. Good judgment must be used in assembling t5e various . 
groups. Always seek assistance in the interests of safety, but avoid 
creating unnecessaly alarm or unwarranted interruption of normal 
activities., Owners, operators or others becoming awake; of a hazard- 
ous condition should notify the fire department, police,. or other 
proper authority. However, make every reasonable effort to deter- 
mine the degree of the prob1e.m. Excessive alarming, such as may be 
caused by unwarranted evacuation or publicity, can create more 
hazard than the original problem. Good judgment applied to the 
following step-by-step guide will materially improve the chances for 
successful results. 

2-2 donditions. The potential that unconfined flammable or 
combustible liquids exist underground will normally become known 
by discovery of one of the following conditions: 

2-2.1 Combustible or flammabie liquids or their vapors. are 
reported in: 

(a) Normally inhabited subsurface structures such as basements, 
subways, and tunnels; 

(b) Other subsurface structures such as sewers, utility conduits 
and observation wells near tanks: 

(E) Groundwater such as drawn from ivells, on or in surface water, 
or emerging from cuts or slopes in the earth. 

2-2.2 User reports loss of stock or presence of water in the storage 
facility; Each condition requires dqferent handling: 

2-3 Condition 2-2.l(a) - Normally Inhabited Subsurface Strnc- 
tures such as Basements, Subways, and Tunnelsi 
2-3.1 General. This condition implies a strong potential hazard to 
life or property and immediate steps must be taken to protect the 
public from the danger of explosion and fire. 

2-3.2 Eliminating Sources of Ignition. 
2-3.2.1 Smoking or other sources of ignition should not be p e r  
mitted in the .suspected area. Lights and other electrical switches 
should not be turned on or off and extension cords should not be re- 
moved from outlets. Such action may create a spark capable of ig- 
niting flammable vapors. Use only. those switches located well away 
from the contaminated area to cut off electrical power, which may 
require the electric utility to make a remote cutoff. 

1 
‘ 
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2-3.2.2 After the presence of flammable vapors has been verified, 
the electric and gas services to the,building, where possible and feasi- 
ble, Should be disconnected or cut .off outside the structure. The 
shutting off of the gas service outside of the building removes th? fuel 
from pilot lights and gas burners, which may be sources of ignition, 

2-3&3 No one should enter the contaminated area except as de- 
scribed in “Entering the Area.” Where liquids or vapor within4 or 
above their flammable range are found in a building, the building 
shouldnot be entered, and evacuation of buildingoccupants, at least 
in area’s exposed, should be ordered. Construction a7d layout as yell 
as occupancy are factors to be considered in ordering evacuation 
Traffic should be stopped through tunnels and subways until 
qualified personnel determine there is no danger of explosion or fire. 

2-3.3 Eniering the Area. 
2-9.3.1 The presence of Bammable vapors in a building is generally 
reported because of an odor. Most persons can detect gasoline vapor 
in concentrations as low as-,005 percent. However, smell cannot be 
relied upon to determine the type of vapor or its concentration. The 
use .of a combustible gas .indicator is the only practical, positive 
method to determine the presence and extent of a flammable vapor 
concentration, 

2-3.3.2 T o  enter an area in whictj there is an undetermined con- 
centration of some unknown vapor is to risk the possibility of fire or 
explosion. Entry should not be made until the vapor cbncentration 
has been checked with a combustible gas indicator. Portable com- 
bustible gas indicators are reasonable in price and are recommended 
for use by all fire departments. If the fire department does not have 
such an indicator, arrangements should be made for securing one or 
more from utilities, oil companies or others who may have them 
available. A trained operator should use the combustible gas in- 
dicator, which must be well maintained. 

2-3.3.3 Also an addi‘rional life hazard may exist because of toxic 
vapors or insufficient oxygen. If these conditions are suspected, in- 
struments to detect toxic vapors or insufficient oxygen should be 
used. 

2-3.3.4 Use the combustible gas fndicator continuously to deter- 
mine the range of vapor concentrations in the affected area; If areas 
of vapor concentration above 50 percent of the loiver flammable 
limits (LEL on indicators) are exposed to a source of ignition, leave 
the area and evacuate everyone within the danger zone. Ventilate the 
area to remove or reduce the flammable vapors and thus reduce the 
fire or explosion hazard. As soon as the flammable vapor has been re: 
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examined to determine the source of the flammable vapors. If the- 
,place or places of entry. of the liquid or vapors can be determined, 
appropriate steps should be taken to seal off such places. Untrapped 
drains, dry traps, pipes or other openings through floors or founda- 

Never b l o w  in 

Eliminate source$ Provide trsrh o i l  
inlets alscwhws 

Figure 1 Enhauat Venting I 
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2-3.6 Preventing Seepage into Buildings. 

2-3.6.1 Entrance of vapors or liquids through drains, pipes, or 
other openings may be stopped by plkgging such openings, Sewer 
pipes may be the source of entry. If only vapor is entering through a 
sewer pipe, it may be because,the trap is dry, Filling the trap with 
water is an effective means of.blocking further gas or vapor entryi 

2-3.6.2 The nature of seepage may be such that it cannot be effec. 
tively stopped from the inside of the structure. In, this case an in- 
tercepting hole or trench, holes for pumps, or well points may be 
used outside the .contaminated structure, between I t  and the 
suspected source. (See Chapter 6 for  details.) 

2-4 Condition 2-2.l(b) - Other Subsurface Structures such as 
Sewers, Utiliiy Conduits, and Observation Wells near Tanks; 

2-4.1 Liquids or vapors in such structures imply a potential for ex- 
plosion or fire but, general1y;a low potential of hazard to life and 
property other than to the structure involved. If the detection of 
flammable or combustible liquids. or their vapors indicates an 
unusual condition wherein vapors are escaping from the sewer or 
conduit into an area similar to Condition 2-2.1(a)! or if the proximity 
to other structures or facilities is such that an explosion or fire would 
be relatively as serious as Condition 2-2.l(a); then proceed with the 
guides of 2-2.l(a) in addition to the following procedures. 

2-4.l;I Contact those directly responsible for the facility involved: 
the municipal sanitary department or highway or street departm.ent 
for sewers: for conduit, 'the ekctrical, telephone and gas companies' 
engineering departments. Normally, the maintenance and engineer- 
ing departments of such organizaiions will be well equipped'to take 
charge of the situation: police, if needed, may be asked to keep the 
public clear of the danger areas. The fire department may be needed 
to assist in fire control and purging. Those involved with the storage 
and handling facilities of flammable and combustible liquids that 
may be the source of the problem should offer all possible assistance. 
(See NFPA 328, Flammable Liquidr'and Gbes .in Manholes and 
Sewers, and Chapter 5 of this guide for further details..) 

2-4.2 Entering the Area. 

2-4.2.1 Basically the same as for Condition 2-2.I(a); however, the 
flammable vapors in a sewer or conduit may not originate from flam- 
mable liquids. They may be vapors from overheated insulation. 
sewer-generated gases, fuel gases, or industrial gases, Conseqwntly. 
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special instruments, equipment and skiils may be needed. The 
guidance of the utility owning and operating the facility should be 
solicited and followed2 

2-4.3 Ventilating the Area. 
2-4.3.1 Some type of grounded mechanical venti1Fting will normal- 
ly be required. Use explosionpr?o.f equipment if the vapors are 
drawn outl Remove all sources of ignition from.the .vicinity of vapor 
exit. 

2-4.3.2 I t  may bc that watcr flushing is tlic better mcans of purging 
the area.of flammablc vapors. For cxample, the generation of sewer 
gas may he stopped or significantly reduced by this method, In  a sim- 
ilar fashion, flammablc and combustiblc liquids may be removed 
from the area. 

2-4.3.3 In any case. follow the guidance of the owner or operator,of 
the facility as he will be most familiar with its characteristics and the 
consequences of any action taken. 

2-4.4 Locating the Seepage. 
2-4.4.1 
Ghapter 5 for information on tracing liquids underground. 

2-4.5 Preventing Continued Seepage. 
2-4.5.1 When leakage is detected in a sewer, location of the source 
of the leak should be determined by backtracking with combustible 
gas indicators. If poinh of entry tu the sewer system are limited in 
namber, interception of the leak can be achieved by use of trenches,; 
well holes, or well points. (See API 1628.1980, Underground Spill 
Cleanup Manual, fo r  additional information.) 

2-4.5.2 If entry of liquid or vapor into the conduit or sewer is to be 
stopped, and the inside of the facility is not accessible, probe or drill 
alongside the facility to determine the extent of its exposur? to the 
saturated soil; Uncover the exposed area and caulk the facility from 
the outside. 

2-5 Condition 2-2.l(c) - Groundwater such as Drawn from 
Wells, on or i n  Surface Water, or Emerging from Cuts or Slopes in 
the Earth, 
2-5.1 General. These liquid seepages on water. will oftyn be more 
of a problem because of pollution than as an explosion or fire 
hazard. However, until the source of the flammable or combustible 
liquid is found,and stopped and all liquid and vapor safely removed, 
there is a potential hazard of explosion or fire. 

Assist the facihy owner in any way practicable, See 
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2-62 Welk. 
2-5.2.1 When flammable or combustible liqujds are found in wcil 
water, stop pumping and avoid any source of ignition around well 
houses and water storage tanks until vapor concenirations are 
checked. Turn power off outside any well house or similar trap that 
may collect vapors from the well or stored water. 

2-5.2.2 If vapor concentrations are heiowq5d percent of the lower 
explosive limit, pumping may be resumed if desirable for purging. 
(See Chubter 6 for  details.) 

2-k3 Surface Water. 
2-5.3~1 When flammablc or combustible liquids are found.ori sur- 
face water or water emerging from hillsides or cuts, concentrations 
may develop in ditches or collection points that may create an explo- 
sion or fire hazard. Normally, the amount. of flammable or com- 
bustible liqhid found on the surface water will be insuch a thinlayer 
that it does not create a fire hazard. This is the case when the liquid 
is dispersed into small bubbles or pools, or when only color patterns 
are visible on the surface of the water. 

2-5.3.2 However, if the entire surface of the water is covered, or 
there are large pools in the order of 20 f t  (6 m) or more across, a fire 
hazard does exist. If this occurs in an inhabited area or along a street 
or highway, and the police and fire department are not present, they 
should be called. Traffic should be stopped and the public kept away 
from the area. If large amounts of yapof are being generated, check 
the wind and remove all sources of ignitlon within at least 100 ft (30 
m) downwind of the source, It is unlikely that vapors will be in the 
flammable range farther than 100 f t  (30 m) away: However, if large 
amounts are involved, and the air is relatively still, a combustible gas 
indicator should be used to determine the extent of the hazardous 
area. Its use is desirable in any event if flammable liquids are In- 
volved. 

2-5.3.3 Normally, the only effective means to stop further ac- 
cumulation will be to find the source and stop it, (See Chapters 5 and 
6 . )  It may bc desirable to construct dikes or dams to prevent further 
spreading of the liquids or of contaminated water. 

2-5.3.4 Floadng booms can,be used on flowing water to hold the 
contaminating liquid. (See Chapler 6 for  details)  

2-5.3.5 Once the source of flammable or combustible liquids is 
stopped, evap.oration or normal dispersal and dilution will often be 
the best means of removal. Collecdon with adsorbents or skimming 
devices or filtering devices may be necessary; (See Chapter 6 for  
details.) 

I 
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2-6 Condition 2-2.2 - User Reports Loss of Product or Presence 
of Water in Storage Facility. . 
2-6.1 . An inventory loss, or water in tanks, does not directly imply a 
hazard of fire and explosiqn, Checksthe immediate vicinity for any 
signs of escaping liquid; if any exist, apply Conditions 2-2,1(a), 
Z-Z.l(b), or Z-Z.l(c), as appropriate, Otherwise, proceed in accord- 
ance with Chapter 4, Testing for Underground Leaks. 
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Chapter 3 Primary Search for the Source 

3-1 General. 
3-1.1 Once all necessary precautions have been taken to protect life 
and property; the next most important, step is to determine the 
source of the flammable or combustible liquid and prevent any fur- 
ther escape. 

3-1.2 Generally, the source of a flammable or combustible liquid 
will be relatively near the location of the discovery of unconfined liq- 
uids or vapors. Howeveri liquids can travel blocks or even miles un- 
derground through porous,soil or rock, trenches filled with porous 
soil, alongside pipes or conduits, or in sewer pipes. Consequently, the 
area from which an escaped liquid could have come may be remote 
and extensive, and include many facilities storing  and handling 
flammable or combustible liquids. If a check of potential sources (see 
3-2.2.lJor check list) immediately adjacent to. or within a few hun- 
dred feet of, the discovery does not reveal an obvious or possible 
source, organize a general search of the area. 

3-1;3 Efforts ihould be made to secure information on ground 
water flow from the local United States Geological Survey (USGS) of- 
fice, public works departmenis, or equivalent agency and primary 
search efforts should be initiated upgradient of the leakz 

3-1.4 Obtain (or sketch) a map of the area, mark each facility 
found on the map, and record all the information obtained in a 
notebook. Good data, well organized, will prove invaluable in subse- 
quent efforts to solve the problem. 

3-1.5 Organize teams of as many qualified persons as are needed 
and available to conduct the search. A very efficient method is to 
assign two-person teams (with one person representing the local 
public authority) to specific areas on the map. Begin with the nearest 
and most obvious potential sources and work out from the point of 
discovery, concentrating on moving uphill, upstream of under; 
ground water flow, or upstream of sewer or conduit flow. 

3-1.6 Quite often the source can be found by inquiry or simple in- 
spection. Begin ivith the "Primary Search." If this fails to discover an 
obvious or very likely source within the first few hours. it is advisable; 
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while the, Primary Search continues. to be&n testing equipment for 
concealed leaks at the closest and most orobable sources (see Chabiei 
4 )  and to take the first steps in trac:ng underground’liquids^(see 
Chahter 5).  

3-2 Primary Search Prwedurei .. 

3-2.1 Flammable; or combustible cquids willb escape into the 
ground from one of two principal sources: (a) liquid has been spilled 
during transfer and has run into a sewer or soaked into porous soil; or 
(b) a leak has developed in storage. transporting or handling equip- 
ment. 

Use the list below.to check for spilis or other possible sources by 
asking questions and by a careful inspection of premises and equip- 
ment. Unless an obvious source is found, substantial enough to ac- 
count for the seepage, do not stop the search at the first sign of a 
potential source. First impressions can be misleading. 

3-2.2 Liqliids may travel slowly underground or may not move at 
all until the water table rises. As a result, there can be a considerable 
time lapse between the occurrence of a leak or spill and the.report of 
finding liquid.or vapor. Record all history or evidence of potential 
sources regardless of how long ago they occurred; do not eliminate 
any potential sources on the basis of time, until data is available and 
the analysis of that data justifies elimination. 

3-2.2.1 Possible sources to check: 
(a) Gasoline service stations. 
(b) Automotive garages or agencies. 
(c) Fleet operators such as taxicab companies, dairies, bakeries, 

(d), Contractors or equipment dealers who may store fuels on their 

(e) Fuel distributors that supply service stations or commercial 

(0 Heating oil distributors. 
(9) Cleaning establishments. 
(h) Chemical companies. 
(i) Industrial plants that may use and store flammable or com- 

(j) Airports and marinas. 
(k) Check public records, make inquiries about any high-pressure 

petroleum or gas lines in the area. They may be marked with signs a t  
street and railroad crossings. 

municipal garages, etc. 

premises; 

users. 

bustible liquids. 
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(I) Any abandoned flammable or combustible liquid tanks. 
(m) Any other properdes on which flammable or combustible lip- 

uids may be stored. 

3-2.2.2 Questions to ask 
(a) Has there been a spill during loading or unloading? 
(b) Any storage or handling equipment leaking, or has there been 

a leak? Check for excavations that may have damaged underground 
facilities or give evidence of repairs. 

(c) Has any maintenance work involved release.of liquids from 
tanks, pipes, or equipment? 

(d) Has there been any odor or sign of liquids where they should 
not be? 

(e) Are inventory and use records kept? 
( f )  Has water been found in the storage facility? 
(9) Is there any knowledge of an accident in the area that may 

have released liquid from tank trucks, barrels, or large fuel tanks? (A 
check with local police may be in order.) 

(h) Ask about the age of undeiground facilities. If subsequent 
equipment checks are madc,Fhe older equipment is suspect as a leak- 
ing source because of corrosion. 

(i) Have any pumping problems been experienced? 
If inquiryfails to disclose any potential source; ask the owner or 

operator for his cooperation in checking the equipment and the area 
around the premises, If he refuses because he does not own the 
equipment, contact the owner for his cooperation. If necessaTy, 
governmental authority such as exercised by fire officials, may be 
used io obtain such cooperation. 

3-2.2.3 Checking equipment: 
(a) Check the area.around fill pipes where liquid is transferred 

from truck to tank for signs of frequent spills. Saturated and darken- 
ed soil, stained concrete. or disintegrated asphalt indicates repeated 
spills that may accumulate underground. 

(b) Check the area around aboveground tanks for similar signs 
that may indicate a leak or overfilling, 

(c) Check any exposed piping for signs of leaks; 
(d) Check pumping equipmerit for leaks. I t  is advisable to use a 

combustible gas indicator when checking pumps/dispensers of the 
type used in service stations. Open the cover .of the unit just far 
enough to insert the indicator probe into the bottom area. Opening 
the cover wide may provide sufficient ventilation to give such a low 
reading as to indicate no leak. Also, check the hose and nozzle. 
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(e) If a remote pumping unit is used, check its housing or pit with 
a gas indicator before opening and then open for visual check fot 
signs of leaks. 

(0 Check automotive repair areas for signs of waste liquids being 
dumped into floor drains or sumps. : 

3-2.2.4 Checking the area: 
3-2.2~4.1 If all equipment seems to be in order and there is no ob- 
v,ious sign of spilling or dumping into sumps or sewers, check around 
the grounds and adjoining areas, 

(a) Look for signs of dumping.waste iiquids on the ground. 
(b) Check nearby streams and bodies of water for signs of.flam- 

mable or combustible liquids. 
(c) Check vegetatbn in the area for any indication of damage by 

ipillage, dumping or contaminated ground water; 
(d) Using a combustible gas indicator, check sewers and other un- 

derground cavities such as telephone and utility conduit manholes 
for presence of vapors and make Visual inspection for signs of foreign 
liquids on.water surfaces, 

(e) Check nearby excavations and steep cuts or natural slopes 
below the potential source for signs of liquid coming through the soil: 

3-2.2.4.2 When leaks in equipment arc discovered, ask the user 
and owner to stop use of the equipment until the leak is repaired, 
Pump out liquid in storage if it is still escaping through the leak. 

3-2.2.4.3 If large spiils have been reported or there are indicadons 
that there has been repeated dumping or spilling of flammable or 
combustible liquids into sewers or on the ground, ask those involved 
to modify their operations to prevent recurrence. 

3-2A4.4 Be reasonable and fair: recognize that small spills may in- 
advertently occur and that a very small amount of petroleum liquid 
(just one cup of gasoline, for example) on a wet pavement.wil1 spread 
over a large area, appearing to be a more severe spill than 2 actually 
is. Spills on the surface that spread out will dissipate rapidly and are 
not likely sources of ,underground contamination. The significant 
spills arc large spills that can flow to points of access to underground 
structures or areas of porous soil, or repcatcd smaller spills that im- 
mediately flow into structures or soak into soils and reach the water 

3-2.2.4.5 If an obvious source, or one or more likely sources, has 
been found and further escape of liquids eliminated, further search 
may.be temporarily suspended to determine if, in fact, the located 

I table. 

PRIMARY SEARCH FOR THE SOURCE 329-19 

source(s) is the cause of the problem. While removal and protective 
measures are taken, monitor and record the flow of liquid, the 
amount of liquid, and the vapor concentration at those locations 
where the problem exists. If there is a distinct and continuous 
decrease it may be assumed that the source(s) has been found and 
further contamination eliminated. The decrease may not show up 
immediately; it may, in fact, require days or weeks to remove liquid 
that has accumulated underground or for it to dissipate. Refer to 
Chapter 5, Tracing Liquids Underground, to determine how much 
time may be required before a decrease at the momtoring point may 
be expected. 

3-2.2.4.6 If, after a reasonable length of time as determined with 
the reference above. the supply of li uid to the thrFatened area does 

conducted simultaneously along two paths. These two paths also 
should be followed if no source is found. 

not stop or show definite decrease, P urther investlgation should be 

3-2.2.4.7 One is a test of flammabie or combustible liquid storage 
and handling equipment in the vicinity of the contaminated area; 
the other is to trace the liquid underground from its point of 
discovery. Tracing is conducted to determine the extent of the con- 
tamination) the direction of flow, and any potential more remote 
source(s). Tests on underground equipment are performed to deter- 
mine definitely whether or not they are a source. (See Chabter 4, 
Testing for Undergound Leaks, and Chapter 5, Tracing Liquids Un- 
derground.) 
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Chapter 4 Testing for Underground Leaks 

41 General. 
4-1.1 Tests to determine the tlghtness of underground liquid han- 
dling equipment will have to be conducted when: 

1;  The search procedures of Chapter 9 or the tracing pro- 
cedures of Chapter 5 indicate a probable or likely leakage source, but 
the actual cause is not determined from surface observation; 

2. There is a suspicion of a leak because of reported stock losses; 
3. There is a report of the accumulation of water in a tank. 

4-1,2 Review all data previously gathered to determine the most ef- 
ficient method or methods of testing, There are several quick and 
.simple tests described in this chapter that may reveal a leak under 
certain circumstances. If one of these preliminary tests does not 
kcveal the source of a suspected leak, it cannot be concluded that the 
liquid-handling system is tight, but the possibility of quickly solving 
the problem will often warrant ihe limited effort involved before a 
precise Precision Test is undertaken. (See 4-3.10.) 

4-1.3 One or more of these preliminary tests would be particularly 
desirable if precise final test equipment is not immediately available. 
If such equipment is,availablc, time and labor costs may be reduced 
by immediately miking a Precision Test. 

4-1.4 Regardless of the tesdng procedure involved. keep in mind 
that liquid-handling equipment should be tested in a condition as 
close as possible to normal operating condition, particularly equip- 
ment which is underground or otherwise concealed8 There are 
several important reasons for this. 

4-1.4.1 Uncovering and exposing can very easily cause a leak which 
did not previously exist and its discovery might imply the problem is 
solved when, in fact, it is not. 

4-1.4.2 Responsibility resuiting from unconfined liquids or vap:rs 
underground might be falsely placed by a leak created by nncovermg 
and removal activity, 

Uncovering underground liquid-handling equipment is 
costly and time consuming and is not justified without valid reasons 
io suspect Ieakage. 

,4-1.4.3 
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4-1.4.4 Excessive pressures or tests by nonrepresentative liquids 
may indicate leaks where none existed or conceal leaks where one, in 
fact, exists. 

4-2 Action Preliminary to Testing. 
4-2.1 Before actual equipment testing is undertaken. review the 
results of the Primary Search in Chapter 3. This revieiv may reveal 
information that will eliminate the need for further testing or this in- 
formation will he useful in making further tests. 

4-2,2 Ensure that spills or deliberate disposal are not the leakage 
source, keeping in mind the possible transit of liquids by trenches 
and underground water. (See Chapter 5.) 

4-2.3 Recheck stock records for indications of loss; but do not jump 
to conclusions. Meters may be off calibration causing only a paper 
loss, not a physical loss. 

4-2.4 Temperature change may falsely indicate a loss. The volume 
of peiroleum products is highly sensitive to temperature change. A 
drop of one degree Fahrenheit will shrink 1000 gal (3785 L) of 
gasoline by 0.6 gal (2.2 L). This may a t  first seem small but consider 
a typical example. In the spring, the ground will still be relatively 
cool from the preceding cold weather, while liquids stored and 
transported aboveground may be relatively warm; 

4-2.5 A typical underground storage tank may handle 20,000 gal 
(75 700 L) in one, month. I f ,  on the ave'rage, this liquid cooled 5OF 
(2.8%) after delivery, stock records will show a loss of 5 x .6 X 20 
= 60 gal (227 L). Ten degrees cooling would appear as a 120 gal 
(454 L) loss for 20,000 gal (75,700 L) handled, and 240 gal (908 L) 
loss for 40,000 gal (151 400 L) handled. Obviously, a temperature in- 
crease would have the opposite effect and could actually conceal a 
physical loss. 

4-2.6 Finally, theft may be the cause of reported stock loss. 

4-2.7 Consequently, further checking must be performed before a 
facility is implicated on book stock losses alone.\Check meters for 
calibration. Check relative temperature of delivered and stored 
product during the period in question. Check for the possibility of 
theft. 

4-3 Checking Inventory Records. 
4-3.1 
determining the course of further investigation. 

A careful check of inventory records will be very helpful in 
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4-3.1.1 If the reason for ;he check is a report of loss of inventory 
but no liquid or vapor has been reported in unexpected locations: 

(a) Loss due to meters out of correct calibration, loss by contrac- 
tion due to lower temperatures, or theft would indicate that a hazard 
need not be expected. Further testing is not necessary; 
(b) If not solved as in (a)l evidence of an inventory loss requires 

further testing to determine the cause. It also indicates that a poten- 
tial hazard may develop from the escaped liquids and a check of the 
surrounding area should be made for signs of contamination. (See 

4-3.12 If the reason for the check is discovery of escaped liquids or 
vapors found underground: 

(a) Evidence of inventory loss strongly implies,the source has been 
found but subsequent checks to determine how the loss has occurred. 
must be made before definite conclusions can be drawn; 

(b) Loss partially or totally explained by off-calibration meters, 
temperature shrinkage or theft cannot be considered as conclusive 
evidence that the site in question is not .a source. Records are often 
incorrect or inadequate; unless another source is found and con- 
sidered to be a satisfactory solution to the problemi other tesffi must 
be performed to draw definite conclusions. 

4-3i1.3 When a review of the.Primary Search Procedure (see Se? 
tion 3-2) fails to reveal a probable source, any leak,that may exist is 
probably underground, and testing of the liquid-handling equip- 
ment is required, 

4-3.1.4 Many methods have bee? devised to test for.leakage. Re- 
cent extensive studies and experience have clarified their effec- 
tiveness and limitations. 

4-32 Pressure Testing with Air or Other Gases. 
4 3 . 2 , 1 ~  Pressure testing. with air or other gases, bf tanks or piping 
containing flammable or combustible liquids is not recommended, 
should not be required by regulations or ordinances; .and should be 
discouraged in practice, Such tests are not likely to detect a leak that 
is below the liquid level in the tank, and there is severe danger of 
causing a tank rupture, or expulsion of contained liquid through 
normal openings. 

i 

3-2.2.4 - 3-2.2.4.7.) 

NOTE: 
prcrsure for detection of leaks. 

There are systems that use unique gases that nre not dependent on 
L \ - 5  D a i  b\tum 

4-3.3 Testing Underground Facilities. 
4-3.3.1 Using the information gained from the Primary Search 
Procedure (see Secfion 3-2). use the following tests in a logical pro- 
cess of elimination. For example, if water is reported as entering a 

i 
I 
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tank; or if the tanks are old and corrosion is known to exist in the 
area, make the preliminary checks on the tankg first, On the other 
hand, if pumping troubles are reported, the piping is suspected and 
preliminary tests should be performed.on underground piping first. 

4-3.3;Z The,tests described on the following pages are listed in ap- 
proximate order of ease of performance, the easiest being first; The 
sequence should be varied to fit the circumstancea, as noted in the 
preceding paragraphi 

43.4 Checking Underground Pipe, 
4-3.4.1 Check for: 

(a) Recent digging, driveway .repair, or other work in the area 
which may have damaged underground lines. 

(h)  Any recent repairs that may'tiave been made indicating a 
previous leak or perhaps creating a leak due to faulty work. 

IC) Any evidence of shifting ground, such as frost heave, which 
may have damaged lines. 

(d) Soft spots in asphalt paving indicatingsolvent action of liquids 
or vapor. 

4-3.4.2 If information on the location of liquid underground has 
been compiled by methods described in Chapter.5, Tracing Liquids 
Underground, ;review this information for possible patterns that may 
indicate a specific pipe is likely to be the source. It may be advisable 
to drive or drill additional holes to define mofe definitely where the 
liquids are and how they are flowing., (Review in particular the infor- 
'mation in connection with Figure 11 in Chapter 5.) 

4-3.4;3 The test to be used on piping will depend on the method 
used to move or pump the stored liquid. 

4-3.5 Suction Line Testing. 
4-3.5.1 If the pump used in moving the liquid is above ground the 
supply pipe operates under vacuum.or suction and certain pumping 
characteristics indicat: either a leaking check v?lve or a leakkg pipe, 
If there is a leak, air will enter the pipe as liquid drains back into the 
tank through the check valve or through a pipe leak into the ground. 
The presence of air will be indicated by the action of the pump in the 
first few seconds of 0peratio.n after an idle period. If the pump + 
equipped with a meter and cost/quantity aisplay device such as is 
found in a gasoline service station, pumpingpf air is indicated by the 
display wheels skipping or jumping. Other indications of air in the 
suction line are: 

(a) The pump is running but not pumping liquid. 
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; (b) The pump seems to overspeed when first turned on and then 
slow down as it begins to pump liquid. 

(c) A rattling sound in the pump and erratic liquid flow indicates 
air and liquid are mixed. i 

L 
4-3.5.2 If any of the pieceding conditions indicate a keak in ihe suci 
tion line, the check valve should be inspected first, Same check valves 
are located close to the pump inlet, others are mounted in the under- 

' gro:nd pipe just above the tank, and some may be on the end of the 
suction,stub inside the tank. Some of those valves located inthe pipe 
above the tank can be inspected and repaired froma the surface of the 
ground through a special extraFtor mechanism installed with .the 
valve. If not, or if the valve is inside the tank, it may be necessary to 
dig down to the tank to check the valve or disconnect and seal offthe 1 pipe for a hydrostatic pressure testl (See 4-3,6.) 

4-3.5.3 Generally, digging down to the check valve or tank should 
be delayed until other more easily performed surface tests have failed 
to reveal the leak. If there is any doubt that the check valve seats 
tightly, repair it, replace it or seal it off. Then repeat the pumping 
test and, if air is still entering the suction line, it may be assumed the 
fipe is leaking underground and it should be exposed for inspection. 
Dig carefully to avoid damage to the pipe which might make it im- 
possible-to verify whether a leak actually existed prior to uncovering. 

4-3.5.4 If the pumps do not exhibit the symptoms of a leak as de- 
scribed above but there is still reason to suspect a pipe leak; or, if a 
complete system check has been performed and it is now necessaj.to 
isolate and check the piping system, individual pipe runs may be 
isolated and hydrostatic pressure tested. 

4-3.6 Hydrostatic Test of Piping.. 
4-3.6.1 lsolate the piping and conduct a hydrostatic pressure test at 
50 psi (2600 mm Hg) or greater. If the pressure drops more than 5 psi 
(260 mm Hg) per minute, it indicates the probability of a leak in the 
line. Repeat tlie test at least once to ensure against,compression of 
entrained air. Any pressure drop less than 5 psi (260 mm Hg) per 
minute is inconclusive as it may be caused by cooling. If the test con; 
tinues to indicate a leak, appropriate action must be taken. 

4-3.7 Discharge Pipe Line Testing (pipe under pressure from 
remote pump). 
4-3.7.1 Quite often pumps are located in the tank, or, on some rare 
occasions, just above the tank but remote from the dispensing 
devices. In such cases, the pipe to the dispensing equipment operates 
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under pressure, A leak in this line will cause rapid loss of pressure 
after the pump IS turned off, This can be checked in the following 
manner. 

4-3.7.2 At the dispenser end%of the pipe, close the emergency 
shutoffvalve at the base of the dnpensers or close any valve upstream 
of any hose to hold pressure at the dispenser end. The pump end can 
be sealed off by setting ihe check and relief valves in the head of the 
pump. The check valve is readily accessible in.the manhole over the 
phmp, and most are equipped with a screw.or bolt supplied forLthe 
specific purpose of positively seating these valves for line checking. 
Install a pressure gage in the line [a minimum.3 in: (76, mm) dial 
with maximum 60 psi (3100 mm Hg) range should be Used to clearly 
show graduations of 1 psi (51.72 mm Hg)]. Generally, the best Ioca- 
tion for the gage is in the emergency shutoff yalve under the 
dispenser where in. or other small sife plugs are installed for this 
purpose. Start the pump, note the maxlmum pressure [generally 25 
to 35 psi (1290-1760 mm Ilg)], seat the check valve, turn off the 
pump and observe any pressure drop. If the pressure drops more 
than 5 psi (260 mm Hg) per minute, it indicates the probability of a 
leak in the line. Repeat the test at  least once to ensure against com- 
pression of entrained air. Any pressure drop less than 5 psi (260 mm 
Hg) per minute is inconclusive as it may be caused by cooling or a 
sm$ll valve 1eak:If the test continues to indicate a leak, appropriate 
action must be taken. 

4-3.7.3 If the preceding tests do not reveal a leak, they should not 
be considered as conclusive and rndergound piping must be in- 
cluded in the Precision Test described in 4-3210. 

4-3.8 Checking Underground Tanks. 
4-3.8.1 Review the information obtained from the Primary Search 
described in Chapter 3. .Ask about, observe, and note in particular: 

(a) Method of filling tanks - damaged fill pipes, poorly main- 
tained tight-fill connections or hose couplings, driver carelessness, or 
even overemphasis on full deliveries may cause some of the product 
to be spilled around the pipe when a delivery is made. Particularly, 
check fill pipcs installed under manhole covers. On night deliveries 
in which the tank is filled into the fill pipe a warmer underground 
product temperature can cause considerable overflow, due to expan- 
sion before dispensing begins the following day: 

(b) Any evidence of ground settlement around tanks and any sign 
of work that may have damaged the tank or its fittings: 

(c) History of pastor recent work on the tanks or attached piping: 

I 
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(d) The presence of excessive amounts of water in the tank and 
any history of past water removal. (Use water-finding paste on the 
gage stick.) Ascertain. if possible, if the water increases during 
periods.of heavy rainfall and remains constant or diminishes during 
dry spells. Also, if possible, ascertain the depth of the water: table, 
Le., the static level of the ground water, by using an easily drilledi 
probed, or excavated area close to the tank(s) or some existing un: 
drained opening: 

(e) .The, age'of the tank in particular, as it relates io the history of 
corrosion in the vicinity; 

(fJ The location and flow of fiqdd found underground by gas sen- 
sors or visual inspection. It may be advantageous to drive or drill ad- 
ditional holes to develop more detailed information. 

4-3.8.2 
testing. 

Use this information to guide subsequent inspection and 

4-3.9 When Water is Reported to be Entering a Tank; 
4-k9.1 
through a loose-fill cap, 

43.922 Check the,surface area around vent lines for evidence that 
water may be entering by this route. Standing water over vent lines 
may be the source; Note this possibility for future use, 

4-3.9.3 If no explanation, except a possible leak, is found for water 
in the tank, carefully record the depth of water by water-finding 
paste, and tightly close and lock the fill cap. After 8 to 12 hours, 
remove the cap and again check for water. If the rise in 12 hours ex; 
ceeds $4 in,, close and lock the cap and check for another E to 12 
hours. If the rise in the second period closely matches that of the first 
period, a leak is probable, A rise of less than % in. in 8 hours is in- 
conclusive due to the inability to measure the water level closer t$n 
to within 4/4 in. Longer test periods will have to be used to determine 
definitely if a leak does, in fact, exist. Best results will be obtained if 
the water depth is less than 3 in. (75 mm) at the beginning Of the test. 

Check the fill pipe to ensure that water is not entering 

4-3.9.4 The above tests are not conclusive if the water table is 
above the top of the tank, as water could be entering around pipe 
connections into the tank top or through unused plugged or capped 
openings in the top of the tank which are not watertight. Also, if 
water is entering the tank at these top openings it is not significant 
from the standpoint of tank leakage. Likewise, these tests are not 
conclusive if the tank is full, or substantially full, of product. 
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4-3.9.5 In fact, water may not enter the tank if the level of product 
is at or above the level vf the water table outside the tank. These tests 
are relatively'effective if the tank is practically empty and the water 
table is high but still below the tank top. A tank partially below the 
water table can have water enter, or lose product, through the same 
leak depending on the relative levels of the ground water and the 
qroduct in the tank, 

4-3.9.6 
iion. 

If a leak is indicated by the above test;'take appropriate ac- 

4-3;10 Precision Test. 
4-3;lO.l Precisian Test, as F e d  throughout this pamphlet, means 
any test that takes into consideration, the temperature coefficient of 
expansion of the product being tested as related to any temperature 
change during the test, and is capable of detecting a loss of 0,05 gal 
(190 ml) per hour. 

4-3.10.2 A.test should he used which is chosen from currently 
available technology to reasonably determine whether or not an un- 
derground liquid storage and handling system is. leaking. Any testing 
device used for the Precision Test mlist be capable of detecting leaks 
as small as 0.05 gal (190 ml) in one hour, adjusted for variables, a 
limiting criterion widely accepted by most authorities, 

4-3.10;3 The 'test procedure should measure the,amount of liquid 
'lost hased.upon fundamentally sound principles. It should detect a 
leak anywhere in the complete uhderground storage and handling 
equipment. If the net change exceeds 0.05 gal (190 ml) per hour or 
equivalent criterion established for the technology employed, a leak 
is likely to existi and appropriate corrective action is necessary. 

4-3.10.4 The Precisian Test should account for all the variables 
which will affect the determination of the leakrate, An understand- 
ing of what these variables are and how they are handled is essential 
to effective performance of the test. Following is a discussion of some 
of those variables and how they affect the measurement. 

4-3.11 T h e  Effect of Temp&rature. 
4-3.11.1 Liquids expand with an increase in temperature and con- 
tract with a decrease in temperature. Figure 2 lists the thermal coef- 
ficient of expansion for some of the more common flammable and 
combustible liquids; 
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Volumetric 
i Coefficieni 
I of Expansion 

Thcrmvl Expansion of Liquids 
p r  Degree 

0.00085 

0.00071 
0.00070 
0.00098 
0.00079 

................................... 0.00062 

*Fuel Oil #2 .  Dicsel 0.00045 

0.00072 
0.00063 

o.ooafi8 

........... [l.0005 

....................................... 0.0007 

Watcr- at68-F ........................ 0.000115 

' I  
Figure 2 

'These are typical cocfficienu of expansion. but may vary dcpendmg on corn. 
ponentr of the mixture and on the temperature. See ASTM D 1250-80, Petroleum 
Measurement Tables. for further information. 

4-3.11.2 Note that a temperature decrease of only .OZ°F (.056OC) 
in one hour in a 6,000 gal (22 710 L) tank containinggasoline would 
cause a volumetric decrease of -02' (.056"C) x .0007 X 6,000 gal 
(22 710 L) = ,084 gaI (316 ml) which exceeds the .05 gal (190 ml) 
considered to indicate a leak. If this temperature change was not 
detected and accounted for in a test, a leak would be assumed where 
none existed. And in a like manner, if the temperature increased, a 
leak could be concealed by volumetric expansion if the temperature 
change was not detected. 

I 

4-3.11.3 It is sometimes proposed that this problem can be over- 
come by filling the tank 10 or 12 hours before a test run, o n  the 
assumption that the product temperature will stabilize. Extensive 
tests have shown that this,is seldom if ever true. When liquid is added 
to fill a tank for testing, it will often require several days for the liq- 
uid to stabilize to ground temperature, which in itself is constantly 
changing. The rate of temperature change in the first day or two will 
generally be in the range of .OZ°F (0.56OC) per hour to ,25OF (0.7%) 
per hour. Obviously, the test must be capable of detecting any very 
small temperature changes if it is to be conducted in a reasonable 
length of time. 
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4-3.11.4 Another temperature effect that must be recognized and 
accounted for is ~ temperature stratification or temperature 
"layering." Figure 3 illustrates how temperature may vary in a typical 
underground tank after cool product has been added to warmer 
product already in the tank. 

Flli Pip.  

Submbrgod Flll Tuba 
Tank 

Figure 8 

4-3.11.5 Temperature measurement must include a method for 
averaghg any differences in temperature because the rate of change 
will not be the same. If the product in the ground prior to filling is at 
or close to ground temperature [62"F (16.7"G) in Figure 31 i k  rate of 
change will be nil. However, the temperature of the liquid added to 
fill the facility will immediately begin to change toward the tempera- 
ture of the ground [56"F to 6Z°F (13.3% to 16.7"C) in Figure 31. 
The rate of temperature change in this case would probably average 
about .12"F (O.?°C) per hour. If a 4,000 gal (15 190 L) tank was half 
full prior to filling for the test, this would mean an average change of 
. 0 6 T  (0.17T) per hour or a volume expansion of .06"F (0.17OC) x, 
,0007 X 4,000 gal (15 140 L) = 1.68 gal (6.4 L) per hour: almost 33 
times the minimum leak criteria. In this case, a leak of 1.68 gal (6.4 
L) per hour or 40 gal (150 L) per day would be concealed by temper- 
ature rise. 

43.12 The Effect of Pressure. 
4-3.12.1 Measuring very small volumetric changes in a storage 
facility requires the filling of that facility to a point' abovegrade 
where volumetric measuring equipment can be used. This increase in 
height of liquid increases the pressure inside the underground tank 
over the normal operating pressure. This is illustrated in Figure 4. 



.. 

I 

4 E 
8 12 

329-30 LEAKAGE OF FLAMMABLE LIQUIDS 

4-3.12.2 In a 6 f t  (1.8 m) diameter tank the average pressure on the 
end or "head" of a tank full of typical gasoline is .98 psi (50 mm Hg); 
If the tank is buried 3 ft (1 m) under the driveway (typical for most 
gasoline tanks), the average pressure on the hcad will increase to ap- 
proximately 2.95 psi (153 mm Hg) when the fill pipe and smndpipe 
are filled to 3 f t  (1 m) abovegrade. The increase of approximately 
1.95 psi (100 mm Hg) in the average pressure exerts an additional 
force on the end or "head" of the tank of about 8,000 pounds, or 4 
tons. - ' A " "  ..- 

.-.. .,,I.. . 

% % % X %  % % % % % % I  
.40 .08 1.47 1.05 2.44 2.93 3.42 
.87 1.74 3 4.35 5.22 0.10 0.97 

1.10 2.20 3.31 4.41 6.61 U.02 7.?P 8.82 11.0 

H o i ( i h l I r 6  Liquid Swloc~ HI 

LlqUld Swfice , . + - (  
NORMAL OPERATION TEST CONDITION 

-- --- e%u!zL. - 

/ 
I 

\ 

I 
I 
I 
I I 

I 
! 

Figure 4 

hmd when I& Is 

'?Hem 1s forcid out 
I I" Pioparlio" I O  

f intcrdni POSIUI 

1,m Ilrjllid. 

I 

t 8 r n P l y .  I 

R W ~ @  of  liquid p~opolfion.t~ lo - I- 
hiighi of liquid In lank Or slmdplps. 

4-3.12.3 Most tank ends! of the type normally used underground 
are made of y4 in. thick steel plate and will deflect outward as 
pressure inside the tank increases. (See Figure 5. )  

Slondpigt 
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4-8.12.4 !f the tank is located aboveground and the heads arc nbt 
supported i,n, any way, it is possible to predict the amount of move- 
ment that will result from any given change in pmssure and, when 
the amount of movement is known, the resulting increase in volume 
of the tank can be calc$ateda However, when tanks are located un- 
derground they are subject to an infinite variation in support from 
the surrounding soil, and i t  is not possible to predict how much 
movement will take, place. V y  solid soil may provide close to full 
support, but normally soils win consolidate to some degree, particu- 
lady if they are wet, thereby allowing tank expansion and end deflec- 

1 
1 ;  

I 

I 
i tion. 

4-3.12.5 Extensive study and testing have revealed that in almost 
all cases tank movement significant to the test for leaks will occur. I t  
will not occur suddenly because OF the time required to consolidate 
the soil. Under a constant increased pressure it will normally take 
several hours for the tank to stabilize. The table in Figure 6 shows the 
volume increase as a result of various degrees of movement in the 
tank ends. The figures underlined are the maximum normally en- 
countered with underground steel tanks: the last figure in each 
horizontal row is the maximum uossible for the tdnk size in that row.! 

A p p a r e n t  Loss of Liquid VoiumC in Gallons 
Due to Incrcarcd Piessure in  a Tank 
Oulword Doflcction ot Contcr 01 IIand in Inelits 

I .4 84 I 1.60 3.00. 4.60 6.W % 9.W 10.50 l2.W 15.0 I8d  21.0 I 
90 1.00 3.01 0.87 7.82 0.77 1% 13.70 15.05 10.0 23.5 27.4 31,3 1 3 102 1 2.21 4.42 0.06 8.25 11.00 13.30 15.60 11.70 22.0 20.0 31.0 35.4 ] 1 C 178 3.00 0.12 0.18 12.25 16.30 18.4 21.4 24.5 30.0 36.7 42.8 49.0 

i hgurc6  ' 

1 
i 

! 

4-3312.6 , In summary, three major factors must be accounted for in 
the Precision Test to determine the presence or ahience of a leak in 
an underground liquid storage facility, 

1;  The gross volumc change in a given pcriod of iime. 
2. The temperature change of the liquid in that period of time. 
3, The movement of tank ends as pressure is increased, 

'Compatible figurcr arc not yct available for lib~rglars tanks. Latest data indicares , that cxpanrion due'm sidr flexure may C X C P C ~  thni for llcxiirc d s t c r l  tanks. 
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4-3,13 Water Testing. 
4-3.13.1 Tcsts involving the addition of water to a tank may be 
uscful when tanks are empty. Water is difficult to use in cold 
weather. It will not detect leaks of less viscous liquids, and con- 
tamination of the storage and dispensing system can be a major 5 
problem. 

J 
! 

i 
- :r, 1 

TRACING LIQUIOS UNDERGROUND 329-33 

Chapter 5 Tracing Liquids Underground 

6-1 General. The "Underground," as referred to in this recom: 
mended practice, consists of an almost infinite variety of rocksand 
soils, tunneled, pierced and trenched by man-made structures and 
pipes; All these provide,paths for mo*ement of liquid underground. 
Flow of liquid in tunnels, sewer pipes, and open trenches is obvious 
and relatively easy to trace by observation and vapor t e s t y .  Flow in 
soil and rocks is a complicated matter, A few basic principles will 
provide an understanding that wdl often .prove sufficient to solve 
many problems of tracing the source of bnconfined liquids. Even 
though such basic understanding may prove inadequate for a, par- 
ticular problem, it is essential to select and coordinate the particular 
expert skills necessary to solve the more complex problems. 

5-2 Background. 
6-2.1 The principal characteristic that permits liquids to enter, 
and accumulate or flow through soil or rock is porosity or, simply, 
the space or "voids" between the particles that make up the soil or 
sock. The size of the voids in soil will vary from large in gravel, 
through small in sand and top soil. to essentially zero in fine. dense 
clay. Rock almost nFver has large voids but sandstones and 
limestones have voids slmilar to a fine sand. 

. 

5-2.2 Rate of flow through soils and rocks depends largely on the 
size of the voids: with large voids (gravel) the flow can be several feet 
per minute: medium voids (sand) will provide several feet per hour; 
and fine voids (shale or sandstone) may be as slow as one foot per 
day. 

5-2.3 The term used to express this rate of flow is "pervious." A 
very pervious soil will permit fast liquid flow: a relatively "imper- 
vious" soil will permit only veryslow flow, When the word impervious 
is used alone, it implies no flow; thus glass is impervious to the flow of 
water. 

5-2.4 
rock are not interconnected, the rock will be impervious. 

Porosity docs not insure a pervious condition. If the pores of a 

5-2.5 Crystalline rocks, such as granite and marble, arc essentially 
impervious in their solid state but these rocks often have fractures or 
cracks that do permit flow. Rate of flow through rock fractures will 
vary from large continuous cracks which will act like a pipe, to very 
small irregular cracks which may result in flows similar to fine sand. 
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5-2.6 Almost, all flammable and combustible liquids are lighter 
than water and consequently they will float on water unless they are 
water snluble, When these liquids escape into the ground they will 
normally flow down to the water in the ground and there move with 
that waterc An understanding of groundwater flow is essendal to 
trace flammable and combustible liquids underground, 

5-2.7 Water is almost universally folind underground at  some level 
.in soil or rock. It may be in very limited quantities and,only 
"dampen" the soil. But when it fills all the voids and "saturates" the 
soil or rock up to a certain level, it becomessimilar to water in a pail 
and establishes a definite top, referred io as the water table; 

. . . . 

5-2.8 Figure 7 illustrates that this ground water may occur in 
several layers underground. A porous layer between two nonporous 
layers may be completely filled or it may be only partially filled and 
have ils own watcr tablc.  he primary cunccrn with unconfincd 
flammable and combustible liquids is with the uppermost layer and 
its water table. However, other layers must be recognized because 
even though they may be very deep at one location, they may be near 
the surface and hence the lop layer at other Locations. (See Figure 8 . )  

I Figure 7 

5-2.9 All groundwater, with the exception80f narrow bands along 
the seacoasts, comes from rain or snow falling on the surface and 
flowing down into thesoil. Figure 8 shows that, at any given location, 
the water may have come from rain or snow on the surface immedi- 
ately above: or it may have flowed underground for long distances 
through pervious soil or rock from a point where the pervious layer 
"outcrops" or comcs to the surface. Water from rain and snow may 
also flow to lakes and rivers and then into underground layers. 

I 

L ~ . .  

TRACING LIQUIDS UNDWIGRUUND 329-35 

, .  . . ,. ,~ . 
, . ,;: I '.. , . I , . .  . . . . .  . . . ,  . .  .. . .~ A .  ! , .. ~ . . ,  

Figure 8 Hyporheticd Groundwater Syrtcm I 

5-2.10 Water tends io seek its own level underground just as it does 
on the surface as'it flows through the soil. However water flowing un- 
derground will not flow as fast as water on the surface because of the 
interference or resistance of the particles in the soil, This has the ef- 
fect of steepening the slope of the water table because the water does 
not move through the soil to lower levels as fast as it fills the soil at the 
higher elevation. The same effect is shown where the lake is supply- 
ing water to the pervious soil. Expressed in another way,, pressure is 
required io overcome the resistance to flow. and the increase in 
elevation of the water table provides thi  necessary pressure. 

. 

E 

5-2.11 The height or elevation of the water table will not only de- 
pend on how fast the water flows out of the strata, but also on how 
fast i t  is fed into the strata by rain or melting snow. When no water is 
being added, the water table will drop as water flows out at springs 
and is taken out by wells, or "wicks," through dry soil to eventually 
evaporate into the air. When water is being added faster than it flows 
out, the water table will rise. This rise and fall can be several feet in a 
few days as the weather changes from wet to dry, or from dry to wet. 
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5-2.12 
eonfined liquids underground are: 

In summary, the principal factors important to tracing un; 

! 1, Most flammable and combustible liquids float on water. 

2. When unconfined in the ground, these liquids will float on 
the top or water table of the groundwater and move with that water. 

3. ,Groundwater wili flow,through pervious Soil or rock toward 
lotrer elevations. Flow rate will vary from several feet per minute to 
only one or two feet per day. 

4. Groundwater may be trapped underground and be sta- 
tionary as if in a lake. 

5 ,  The top or water table will be level with no flow but slope 
down in the direction of flow when flow occurs. 

6, The water table will rise and fall (in some cases several feet in 
a few d i p )  depending on supply by rain or melting snow. 

5-2.13 
applied to tracing flammable and combustible liquids. 

5-2.13.1 Figure 9 shows the effect of the slope of underground 
strata on the direction of flow of liquids. A and B show identical sur- 
face conditions. A four-story apartment building is approximately 
midway in the block, between two streets 400 f t  (122 m) apart. The 
surface of the ground slopes up from left to right at a 5 percent 
grade, placing the elevation of the upper street (on the right) 20 f t  (6 
m) higher than the lower street. 

The following examples illustrate how these principles are 

5-2.13.2 In Figure 9-A, the underground strata follows the general 
slope of the surface and groundwater in the sand and gravel layer 
flows from rjght to left. Under these circumstances, if gasoline in Iiq- 
uid or vapor form was discovered in ihe subbasement of the apart- 
ment building,'the source of that gasoline would most likely be from 
the service station on the right at the higher elevation, or from other 
tanks farther up the hill. 

5-2.13.3 However, Figure 9-B shows an underground strata condi- 
tion in which the station downhill is the most probable source. In this 
case, the water-bearing strata of sand and gravel slopes down from 
left to right, opposite that of the surface of the ground. Groundwater 
flow would also be from left to right and would carry gasoline escap- 
ing from the lower station to the basement of the apartment 

1 
I 

I , building, 

'I 

i 

i 

I 

i . 
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54.13.4 One other condition illustrated in Figure 9-A is the effect 
nf a rising and falling water table. During the dry season, whed the 
water table is below the subbasement floor of the apartment 
building, gasoline on the water table would ndt be discovered. But 
when the water table rises the gasoline will be lifted above the sub- 
basement floor. There have been many cases where this was the cause 
of alternating discoyery and disappearance of escaped gasoline due 
to a significant rise in the water table with each significant rain; 

5-2.13.5 Figuse 10 illustrates another example of how underground 
water flow can be contrary to the surface slope of the ground. In this 

hundred feet from, and 30 or 40 f t  (9 or 12 m) above, a small lake. 
From the surface, it would appear that an escape of liquids from this 
tank would show up in the lake. But. because the tank is in a pervious 
w;ater-bearing layer that slopes away from the lake, wells at houses 
high above the service station are contaminated by the gasoline that 
has escaped. 

case, flammable liquids are stored in an underground tank a few I 

! 

Figure 10 

Note also that ifJan underground ieak existed unknown for a long 
period of time'and there were no wells in the strata to discover con- 
tamination, the first discovery of escaped flammable or combustible 
liquids could occur in the telephone cable condiuit on the other side 
of the hill from the service station; possibly several miles distant. 

5-2.13.6 Figure 11 illustrates other important effecs,of a rising and 
falling water table and the ability of trenches dug in relatively imper- 
vious soil but filled with sand or other porous material to act like in- 
teyconnected piping. Figure 11-A is a phantom view of a tank con- 
taming gasoline installed in. a hole dug i? clay and backfilled with 
sand. The suction and vent lines are likewise in trenches dug in clay 
and backfilled with sand. 

! 

~ 

5-2.13.7 Figure 11-B is a plan showing the layout of a tank installed 
next to a building with a basement. A water line to the building on 
the left is also a trench backfilled with sand as is the city water main 
and sewer. And, finally, a low area between the buildings was filled 
with sand and gravel during construction. 
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5-2.13.8 The "parent" or original soil is clay. A water table exists in 
the clay but has very little horizontal movement because of the 
resistance of the clay to flow. As a consequence, the water table rises 
and falls in direct response to supply of water from rain. During wet 
periods the water,table will be within a foot of the surface and during 
dry periods will drop to or below the bottom of the tank hole, 

5-Z13.9 It is easy td see how a leak in this tank could cause a cbllec- 
tion of gasoline on a low water table in. this hole much as if it were in 
an open square tank. Then, if rainfall raised the water table above 
the bottom of the pipe trenches, water with gasoline on..top could 
flow along the sand-filled trenches much as it would through a pipe. 
At points where the trenches intersected other trenches or the sand 
and gravel fill between the buildings, the flow could find its way io 
the building or to the sewer or water main in the street. 

8-2.13.10 Note that it will not necessarily enter the sewer pipe in 
the street. The water and gasoline may flow along tpC outside of the 
sewer or water pipe in the porous backfill of those pipe trenches and 
not appear until it comes to some point where it could leak into a 
manhole or sewer inlet. 

5-2813.11 Another condition ahstrated by Figure 11 is the poten- 
tial for a flammable or combustible liquid to move without the aid of 
groundwater. If a severe leak occurred in the suction line, pure 
gasoline could flow along the trenches. 
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5-2.13.12 The principles and concepts discussed in the preceding 
pages point up the importance,of knowledge about. underground soil 
conditions .and underground facilities when tracing the source of 
escaped liquids. It will not always be possible to obtain all the data 
desired but the effort should be made. 

5-3 Test to Determine Underground Flow, 
5-3.1 The sequence of what to inspect and what test'to use whl de- 
pend to considerable degree on the circllmstances of the problem, in. 
formation gained from the Primary Search,.and previous tests. Con- 
sequently, the folloiui?g methods are not necessarily in the proper se- 
quence for all conditions. They are, however, in an approximate 
descending order of importance. Tools are noted as they are needed; 

5-3.1~1 On a sketch of the local a k a  (Scale from 1 in. = lO0,ft) 
note underground facilities as illustrated in Figure 11-B and any 
geological data available. Be sure to include abandoned ditches and 
streambeds that have been filled and covered. Sources of information 
are: 
' 

(a) Surface observation of manholes, fill pipes, pumps, vent risers, 
etc. 

(b) City engineer; sewer, water and street departments: highway 
engineer; city, state, and federal geological departments, 

(c) Ulility companies. 
(d) Owners of the facilities ana local residents. Do not overlook 

the old-timer who may have valuable knowledge of the area before it 
was built up. 

( e )  Metal detectors can be used to locate steel pipe if conditions 
warrant, 

5-3.1.2 information gathered to this point and plotted on the 
sketch may indicate that a certain nearby facility i s  a very likely 
source. If so, proceed with a test for leaks as described in Chapter 4, 
If not: 

5-3.1.3 
(a) Visual check in manholes, inlet boxes, wells, open trenches, 

exposed slopes or cuts, etc. Put samples of water in a glass bottle for 
close inspection to determine the possible presence of flammable liq- 
uids. 

(b) Use a combustible gas indicator to determine presence of 
vapors. To check underground porous backfill or perviousstrata use 
a bar (Vi in. to 1 in.) and a sledgehammer to drive a hole to the level 
to be checked. A small hand-operated earth auger is very useful for 

? 

Check potential paths for liquid flow by: 
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this purpose. A larger auger, as used for power posthole digging, is 
also good and has the added advantage of providing a visual check 
and the opportunity to obtain both liquid and soil samples. This 
equipment is usually available .from, a state highway department. 
Maintain an accurate log of soil samples, and, in particular, note the 
top and bottom depths at which any soil samples have an odor in- 
dicating contaminatioti. Retain representative samples of soil in 
vaporAtight containers. 

(c) Use a rod or stick with water-finding paste and a paste sensitive 
to the contaminating liquid io determine the water table elevation. 
Note these elevations on the sketch and determine the probable 
direction of flow, 

5-3.1.4 If the potential of natural or sewer gas still exists at this 
point in the search, make particular note of indications by the comi 
bustible gas indicator relative to the location of sewer and gas lines. 

5-3.1.5 When this testing has determined the probable direction 
from which the contamination is coming, extend the search 
upstream using thesesame methods to determine the next most likely 
source, Check on both sides of the direction of flow to determine its 
width. 

5-3.1.6 There is new technolob to determine ground water flow 
direction without the need for drilling numerous test wells. 

5-3.1.7 As the area of search extends beyond the original sketch, 
obtain a smaller scale map or sketch, plot and record all data; As the 
area becomes l a r y r h e  data becomes more important to the search 
and subsequent isposal of contamination. 

5-3.1.8 If the initial,efforts, approximately one day's checking, fail 
to establish a clearly defined problem, additional expert help should 
be engaged. Ask industry for the assistance of experts who have had 
experience with these problems: and, whenever possible, obtain help 
from a local geologist familiar with local geology. 

5-3.1.9 It is beyond the scope of this recommended practice to 
cover the problem inall its potential complexities; that is the purpose 
oFseeking.ihe assist?nce of experts. However, it will probably be ad- 
visable for those o n  'nally in charye to maintain control while the 

will be helpful in understanding, appraising and coordiniting the 
expanded effort. 

5-3.1.10 When the investigation fails to locate an active source of 
seepage, it is possible that the product could be a residual accumula- 
tion from some previous equipment failure, spill, or improper 

experts act as consu r tants and advisors. The following information 
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disposal of petroleum product. Experience has indicated that many 
such residual deposits have existed and remained dndetected over a 
long period of time before they became sufficiently large to make 
their presence known. 

5-3.1.11 As the problem becomes more complex; other methods of 
iesting and tracing may be helpful or suggested; However, both the 
advantages and disadvantages of these tests must be recognized if - I . . valid conclusions are tn be reached, 

5-4 Other Tracinc, Test Methods: 

I 
i 

5-6 Other Ghemical Analysis. 
5 4 . 1  Any other chemical analysis is.essentially the same as the 
chromatographic test and the same comments,apply to both. One 
significant factor that may be determined by chemical analysis is the 

. 

I age of the contaminant. 

I . .i 

- 
54.i Dye; 
5-4.1.1 The use of dye is often suggested as a means of tracing. The 
method is to add a strong dye to the.stored liquid suspected of being 
the source and see if it shows up at the point of discovery. This is 
seldom successful for several reasons. 

(a) DYC may ciiiis~ pollution oc undcrground water supbiics. 
(b) If only vapor is found a t  the discovery point, dye will be 

( c j  The dye may be leeched out, or bleached by chemicals in the 

(d) If knderground flow is very slow; too much time will be con- 

(e) It may very likely make the liquid tested unusable. 
( f )  If it is used but does not'appear at the point of discovery, it is 

not conclusive because of item E: i t  would be of benefit only if it did 
appear. 

5-4.1.2 Dye is not a recommended method of tracing but may be 
used as one possible source of information in special cases. 

5-5 Chromatographic and Spectrographic Identification of Com- 
ponents. 
5-5.1 The chromatograph and spectrograph arc instruments 
capable of detecting traces of elements in almost any compound. 
They can, for example. detect a trace of some element unique to a 
particular method of manufacture and therefore identify where the 
liquid originated. They can also detect the amount of an element in- 
volved.,They are relatively inexpensive tests and only involve a sam- 
ple of the product found at the point of discovery. These tests should 
be used in complex cases of products as a possible souice of addi- 
tional information. However, they may not be conclusive because 
some identifying element may be lost in the ground, or an element 
not in the original liquid may,be picked up from the ground or from 
contact with buried materials. 

useless. 

soil before it reaches the point of discovery, 

sumed in the tests: 

I I 
I 

I 
i 

i 
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Chapter 6 Removal and Disposal 

6-1 The presence .of unconfined flammable and combustible liq- j 
uids will continue to be a potential hazard until the contamination 
has been reduced to a safe level. While methods by which this can lie 
accomplished depend upon the physical circumstances of the 
polluted areas, the.most effective results are obtained when the ef: 
forts of all interested parties are coordinated under the direction of 
the fire marshal’s office or other enforcing authority, It is their in- 
herent authority to recommend compliance in all phases of the 
cleanup operation, and it is their recognized responsibility to the 
public to exercise this jurisdiction from the moment that migration 
of flammable liquid or vapors. in sizable volume is reported until 
safety is assured. 

6-2 Removal and disposal methods will depend on the liqdd in. 
volved and the area contaminated; 

6-3 The characteristics of liquids significant to methods of removal 
and disposal are: 

lj Liquids that rapidly vaporize at ambient temperatures and 
leave little or no residue. Typical examples ,are solvents and 
gasolines. These are referred to as ”volatile” liquids. 

2. Liquids that do not readily vaporize, Typical examples are 
heating oils and food processing oils. These are referred to as non- 
volatile liquids. s 

6-4 In general, purging a facility of volatile liquids is primarily a 
matter of ventilation, while nonvolatile liquids must be collected and 

The principal categories of area relating to methods of removal 

i 

I 

i 
i I picked up. 

6-5 ‘ i  are: 

I 

I 
I 
i 6-5.1 Normally inhabited subsurface structures. 

(a) Basements and similarly confined areas. 
(b) Subways, tunnels and mines. 

6-5.2 Normally uninhabited substructures (see NFPA 328, Control 
of Flammable and Combustible Liquidr and Gaces in Manholes, 
Sewers. and Similar Underground Structures). 

(a) Utility conduits; 
(b) Sewers. 

I ’  
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6-5.3 Water surfaces. 

6-5.4 The soil. 
(a) Surface. 
(b) Subsurface, 

6-6 Basements. 
6-6.1 With very few exceptions, the quantity of iiquids found in 
baseme~ts will be relatively small, as detection will normally occur 
before significant quantities can accumulate and further flo-w will be 
quickly stopped. When volatile liquids and their vapors are involved, 
the primary removal and disposal action is ventilation as described in 
2-3.4. Small amounts of liquid not evaporated can be picked up with 
rags or commercial absorbents, 

6-6.2 Be sure to put contaminated rags or absorbents in covered 
metal containers to prevent further spread of vapors. Final cleanup is 
accomplished by flushing out basement sumps and.floor drains with 
water and washing down contaminated surfaces. Only water is neces- 
s a y  for flushing, volatile liquids from ‘drains; biodegradable 
detergents may be used on surfaces. Maintain ventilation and checks 
for vapor throughout the cleaning period, 

6-6.3 In those rare cases involving relatively large volumes .of 
volatile liquids, ventilation may not be able to sufficiently reduce the 
vapor concentration to a safe level due to continuing evaporation 
from the liquid., In  such cases, bail or pump the liquid into barrels, 
drums or tank trucks, i nd  dig holes outside the structure to prevent 
further contamination (see Section 6-11). 

6-6.4 When nonvolatile liquids (fuel oils, etcy) are involved, ven- 
tilation will not be an effective method of removal. Use absorbents 
for thin films or solid surfaces, Whenever possible, pick up liquids 
with pumps or by bailing. Put water mixtures into barrels or drums 
for separation by settling. Siphon off the water and carry the con: 
taminating liquid to a disposal facility (see Figure 12). If final 
cleanup requires flushing sumps and drains and ,washing surfaces, 
check with local sanitation and pollution authorities before flushing 
such liquids into sewers. 

6-7 Subways, Tunnels and Mines. 
6-7.1 If onlysmall amounts of volatile liquid are involved, ventila- 
tion may be adequate to permit entry and possibly even continued 
use of the facility. In such cases, the same removal and disposal 
methods as described previously for basements may be used. 
However, additional precautions must be employed because of 
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1.1,m a# I,." e c*"l,l 

Figure 12 

greater exposure to the pubiic andi normally, more exposure to 
solrces of ignition. The authority responsible for the facility, the fire 
department, and pqlice must effect a cooperative effort for max- 
imum safety, 

Subways, tunnels and mines wili normally have much greater ex- 
posure to underground seepage than other substructures such as 
basements. Consequently, even though entry of a flammable liquid is 
thought to have been stopped, monitoring with a combustible gas in- 
dicator must be continued for an extended subsequent period to en- 
sure against recurrence, Maintain a constant check for at least 24 
hours after'cleanup; 

6-7.2 If results are negative, extend check periods to 8, 12, or 24 
hours depending on use of the facility: Subsequent checks should be 
contlnued to include extreme conditions of groundwater ,dranges; 
Significant rainfall and rising groundwater may carry additional liq- 
uids from the soil. 

6-7.3 If relatively iarge amounts of volatile liquids are involved or 
leakage continues. it may he necessary to close. the facility to the 
public and suspend normal operations. Maintain ventilation, and 
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provide a pumping point, and pump liquids out with explosion-proof 
equipment. Use a drum or tank for separating water by settling: 
transfer the volatile liquids to drums or tanks for transport to 
disposal facilities (see Figure 12). Consult with the authority 
operating the facility to determine the de ee to which flushing and 

has been stopped, such facilities can be adequately purged of volatile 
liquids with reasonable periods of ventilation. 

6-7A When norivolatile ilqaids are involved, the potential for fire 
or explosion is greatly reduced4 However, make sure that continued 
use or operation does not present a potential ignition source; for ex- 
ample. it may be necessary to deactivate high power electr,ic lines and 
tracks if they are anywhere near the contaminating liquid. 

6-7.5 Absorb, bai! or pump the liquid'as appropriate, using drums 
or tanks for separation by settling, and remove the nonvolatile liquid 
for transport to disposal facilities. Consult with the authority 
operating the facility to determine the acceptability of using 
detergents, dispersants or coagulants for final flushing and cleaning. 
As with volatile liquids, periodic monitoring must be performed to 
detect any possible recurrence. Use the same time periods and 
groundwater changes as described above for volatile liquids. 

6-8 Utility Conduits. 
6-8.1 Removal and disposal methods for these facilities are dif- 
ferent from the other substructures previously covered for three prin- 
cipal reasons! 

1, Normally, concentrations of contaminating liquids will be 
much higher because early discovery and preventive measures are 
unlikely, 

2. Access. to entry points and contaminated areas i s  usually 
from manholes but in some cases such access is not available. 

3. Exposure and danger to the public are greatly reduced. The 
utility operator must be consulted on all details of the proposed purg- 
ing procedures: his special knowledge is essential in,such work and 
normally he will select the exact procedures and techniques used. 

cleanup is necessary, Normally, once furt a er entry of volatile liquids 
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liquids from a surroundingcontgminated area, and it is seldom prac- 
tical to effectively seal off all entry points. Consequently, removal of 
contaminating liquids ivill normally be a continuing effort until the 
entire arca is purged. When relatively large amounts of. the con- 
taminating liquid are involved, every reasonable effort should be 
made to divert the affected scwer flow to a separator where water and 
contaminant can be separated by gtavity. If this is not practical, it 
may be possibie to set up a skimming facility somewhere on the 
stream flow. One method is to throw a floating boom of 
polyurethane foam or an inflated tube such as a fire hose across the 
stream flow. If the contaminant is mostly on top of the water and SUT: 
face now i s  not turlulcnt, significant amounts of thc contaminated 
liquid can be.trapped behind the boom and removed with skimmer 
pumps and/or absorbent materials (see Figures 12 and 13). Weir 
boards can be used in the same way by raising them to permit water 
flow underneath. and should be used whenever possible because of 
their greater efficiency, particularly when flow rates exceed 3 ft (1 m) 
per second (see Figure 14) .  

I 

I 

6-8.2 Where water is mixed with the contaminating liquid, it is 
preferable to separatc the two by settling in drums or tanks to avoid 
contamination of downstream drainage facilities. 

6-9 Sewers. 

6-9.2 When relatively small amounts of iiquid are involved, or the 
contaminating liquid is mixed with the water, settling tanks or basins 
must be used for separation by gravity {sewage treatment plants may 
have such facilities). 

6-9.3 Water surfaces, as teferred to in this chapter, are those on 
top of the ground exposed to the open air. When such contamination 
exists, the problem should be referred to the proper yater pollution 
authority. Watkr surfaces underground, such as in sewers; are 
covered in Sections 6-8 and 6-98 

i I 6-9.1 Sewers, on occasion. mav collect flammable or combustible 

6-10 Underground Soil Cantamination, 
6-10.1 A knowledge of the iocal geology is basic to effective 
removal of flammable and combustible liquids from subsurface 
areas. Consequently, a geologist, familiar with the area, should be 
consulted whenever possible. 

After a liquid has parsed through a porous soil cach particle wil l  be coaled wid> a 
thin film of ilia1 liquid and surface tension will linid small nmounti of timi liquid in 
corners of tlw voids as shown here in the dark ureas. 

Figure 15 

6-10.2 The removal of flammable or combustible liquids from un- 
derground will involve gathering of thc liquid in some pooling point. 
gcncrally from ilic top of groundwater. o r  mixed i n  wiih h a t  
groundwater. However. the liquid will often be present above the 

i 
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water table as well as on it, and removal and disposal is not complete 
until this liquid is also purged. Some concept of how this occurs is 
essential to an understanding of methods of removal. Reference to 
the discussibn on geology in Chapter 5 will b' helpful, When a liqriid 
is released into a porous soil or rock, pavity will pull it downward 
through the pores or cracks. AS it moves, some will be left behind on 
the surfaee of each particle that it contacts and some will be Sus: 
pended by surface tension between two surfaces that are nearly in 
.contact (see Figure 15). 

6-10.3 The liquid will continue to move downward until the supply 
is exhausted by the coating action and by retention in the corners of 
the voids or until it reaches a barrier such as an imperviouq layer of 
soil or rock or the water table. If the supply of liquid continues after 
the barrier has been reached, the lower portion of the porous layer 
will begin to fill (see F&re 16). 

, ' 

Figure 16 

6-10.4 If the barrier is the water table and the groundwater is mov- 
ing, the contamin?ting liquid will tend to move with it. However, 
most of the contaminating liquid that has remained up in the porous 
soil above the water table will stay there until it is washed down by 
subsequent rainfall or other water flowing down through the con. 
taminated soil. 

6-11 Removal of Liquids. 
6-11.1 Trenches. 

i 
% 
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~ B P O n l l .  W0,W 

IF SOIL WILL PERMIT A Ism a i ~ ~ d i ~ n  b d o d  
TRENCH I5 b!OST PFECTIVE. 

A. 

Pvnp i 

If SOIL WILL NOT STAND, 
A SERIES ff WELLS IS 
E F F EFI I V E .  

USED IF METHM BECNSE 'Y OR of '8'' LIMITED c?&oT SPICE BE 

ONE WELL,CnW BE USED i O L W &  
WATER TABLE BELOW CONTAMINIITEQ 
AREA. 

c. 

6. 
Figure 17 

6-11.1.1 Sometimes the same method used for removing liquids 
from underground will serve to limit further spread. An intercepting 
hole or holes or trench illustrated in Figure 17 and Figure 18 aresuch 
methods. It will greatly improve the ability of the trench to prevent 
escape of the contaminating liquid if the downstream side of the 
trench at the water surface is lined with an impervious barrier. 
Figure 17 further illustrates various methods of using wells or tren- 
ches as interceptors upstream of contaminated buildings. 

Figure 18 

L. 



329-52 LEAKAGE OF FLAMMABLE LIQUlDS 

1 

I Figure 19 

6-11.2 wells. 
6-11.2.1 Recovery wells can be used instead of intercepting tren- 
ches. These wells are practical in cases when the contaminated strata 
is both shallow and deep; A cone of depression is created by lowering 
the water level in the well beloy the surrounding natural water table. 
Flammable liquids will then migrate along the top of the water table 
into the well ( ~ e e  Figures 20 and 21); This procedure will establish an 
underground funnel radiating outward in all directions. 

6-11.2.2 Care must be exercised in drilling and casing monitoring 
wells t D  ensure that the proper depth is not exceeded and that the 
well docs not create conduits through impermeable layers. 

6-11.2.3 When the, area is extensive, a line of recovery wells with 
overlapping cones of depression can be used to create an effective un- 
derground barrier preventing the further migration of contaminant, 
while at the same time collecting it for.remova1. 

6-11.2.4 If significant lowering of the water table near buildings is 
possible check with local engineering authorities to ensure against 
damage to substructures. (See API 1628, Underground Spill Cleanup 
Manual, f o r  additional information.) 

6-11.3 Pumping the Contaminant Out. 
6-11.3;l Refer to Figure'l2 for the method of separating the oil 
and water mixture once it is raised to the surface. If large quantities 
of water are involved, bolted steel tanks can be obtained in sizes of 
several thousand gallons, 

6-11.3.2 If the water table is reasonably shallow, two methods are 
available for removing the volatile liquid. One; a recovery well using 
a cone of depression to cause the contaminant to flow into the well. 

, : 
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Floating filter buoys, skimmer and pumps (sea Figure 22) are 
availablc to collect and remove the contaminant. Two, if soil condi- 
tions permit, a trench may be dug (see Figure 18) and the same 
floating filter buoys and skimmers may be used$ 

I t  should be noted that the cone of depression will greatly speed 
the recovery process since.it is drawing the spilled liquid to the 
recovery point. 

TO. S E ~ E R .  DRAINAGE. ETC. TO PRODUCT STORAGE- 

POWER CABLES 

Figure 20 Double Pump Recovery Well 
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Figure E1 Recovery Well 

OillWater Sepantmn 
. CONTROL Water Table Depr&ion AN0 PUMP ASSEMBLY^ 
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6-11.5.3 If the water table is reasonably shalloiv [20 ft (6 m) or less] 
and the sol1 permits the digging of a trenchi a "skimmer" suction a t  
the top of the water table can be used. Figure 20 illustrates one 
method of skimming by using a funnel on the end of the suction hose 
mounted on the end of a pole for controt. 

6-11.3.4 Another method of skimming a i  shallow depths is :I- 
lustrated in Figure 21. The depth at which this can be done will de- 
pend on the pump used. There are several available for Use in 
decorative fountain$ most will have a lift of 8 ft to 10 ft (2.5 to 3 m). 
but some special units are available for lifts Up to 20 f t  (6 m). The 
pump is lowered by a rope or wire into the hple upside down to a, level 
where its suction is just covered by the liquid surfacei It is run inter- 
mittently or continuously depending on how fast the contaminating 
liquid is being generated. 

6-11.4 Disposal; 
6-11.4.1 In disposing of mixtures of contaminated rnatedal, locai 
regulatory officials should be consulted to ensure that the disposal 
method has their approval. 

1 
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Appendix A 

Thb A P p d < x  ir not a par1 of the  rccommendolionr oJlhir NFPA documenl. . s but 
ir include for injorrnntian purporer m l y .  

Appendix B Referenced Publications 
i 

B-1 This portion of the Appendix lists publications which are refer- 
enced within this NFPA document for information qurposes only. . 
and thus is not considered part of the recommendatmns of the docu. 
menti 

B-1.1 NPPA Publications. The following pubiications are 
available from the National Fire Protection Association, Bat- 
terymarch Park, Quincy, MA 02269; 

NFPA 90.1981, Flammable and Combustible Liquids Code; 
NFPA 928-1982, Recommended Practice for  the Control of Flam- 

mable and Combustible Liquids and Gases in Manhales> Sewers, and 
Similat Underground Structures. 

B-1.2 Other Publications. 
ASTM D 1250-80; Petroleum Menruremenf Tables 
API 1628-1960, Underground Spill Cleanup Manual; 
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A w n o v e n :  means %cceptablc to the authority having jurhdiction." 

Nor= Tho National Firo l'roteclion Asaoointion !ha not npprovo. inspoct or cciliiy m y  
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duction d lietcd items. 

AUTHORITY HAVINO JURISDlCTI?N: The  "authority having jutiidictian" is 
the organization, office, or individual rcsponsiblc for "approving" equipment, 
an installation, or a procedure. 

Norm: The phraso "nulharily having iuriadiction" ia wed in NFPA documentb in e bmed 
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having jurisdiction" and concerned with product evaluation, that maintiins 
periodic inspection of production of labeled eqbipment or materials and by 
whose labciing the manufacturer indicvtcs compiinhce with appropriatc stan- 
dards or performancz in a spedfred manner. 

LISTED: Equipment or materials include& in a list published by an organi- 
zation acceptable to the "authority having jurisdiction" and concemed.with 
product evaluation, that  maintains periodic inspection of production of listed 
cquipmcnt or materials and wbosc listing rtatcs either that the cquipment or 
material nicrts appropriate standards or has bcen tested and found suitable for 
use in  a specified manncr. 

Nom: Tho .means for idontilying listed equipment may YP.W for'mnch taadratioh con- 
cerned vith produot evalunlion. some of which do not rceognizo eavipmcnt a8 lhled unless It 
is dso labdod. Tha "authority hovinc juriisdictioo" should utilize the Bystem employed by 
ths li8ti.g argsniiotion to idontify II listed product. 

SHALL: indicates a mandabry requirement. 

SHOULD: indicates a recommendation or that which is advised but  not re- 
quired. 

N o h  and fooindcr arc informatory only ond arc not mondofory. 

Statement on NFPA Pmccdurci 
This mattriai has bccn dcvcloped undcr the published procedures of the National 

Fire Protection Association. which are designed 10 . a s w e  the appointmcnt of 
technically campcrent Commiriccs having bilalanced representation. Whiic these pro. 
cedures arsure the highest dcgreeofcarc, neithcr the National Fire Protection Awria-  
tion, its members. nor thore participating in it5 activities accepts any liability resulting 
from compliance or noncompliance with the prdvisians pivcn herein. far any restric. 
tions imposed on matcrialr or processes, or for the completeness of rhc iext; 

NFPA h a  no power or authority to police or enforce compliancc with the contents 
of this document and any certification of products stating compliance with re- 
quirements of this document is made at the peril of the certifier. 
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The following is a list of nationally uniform sanitation standards and criteria established by the 
National Sanitation Foundation. 

Current standards and criteria include: 
1 .  Soda Fountain and Luncheonette Eauioment 
2 
3 
4 
5 
6 
7 
8 

12 
13 
14 

20 
21 
23 
24 
25 
26 
29 
30 
31 
35 
36 
37 
38 
39 
40 
41 
42 
43 

44 

49 
50 
51 
52 
53 
54 
c-2 
C-6 
C-8 
c-9 
c-10 

l a  

. .  
Food Service Equipment 
Spray-Type Dishwashing Machines 
Commercial Cooking and Hot Food Storage Equipment 
Commercial Hot Water Generating and Heat Recovery Equipment 
Dispensing Freezers 
Food Service Refrigerators and Storage Freezers 
Commercial Powered Food Preparation Equipment 
Automatic Ice Making Equipment 
Refuse Compactors and Compactor Systems 
Plastic Piping System Components and Related Materials 
Manual Food and Beverage Dispensing Equipment 
Commercial Bulk Milk Dispensing Equipment and Appurtenances 
Thermoplastic Refuse Containers 
Marine Sanitation Devices 
Plumbing System Components for Mobile Homes and Recreational Vehicles 
Vendina Machines for Food and Beveraqes 
Pot, Pa; and Utensil Commercial Sprayyype Washing Machines 
Detergent and Chemical Feeders for Commercial Spray Type Dishwashing Machines 
Cabinetry and Laboratory Furniture for Hospitals 
Polyethylene Refuse Bags 
Laminated Plastics for Surfacing Food Service Equipment 
Dinnerware 
Air Curtains for Entranceways in Food Establishments 
Test Kits for Swimming Pool Water 
Resilient Artificial Recreational Surfaces 
Individual Aerobic Wastewater Treatment Plants 
Wastewater RecycIelReuse and Water Conservation Systems 
Drinking Water Treatment Units - Aesthetic Effects 
Chemical Feeding and Processing Equipment Relating to Supplementary Treatment of 
Potable Water 
Cation Exchange Water Softeners Relating to  Supplementary Treatment of Potable 
Water 
Class II (Laminar Flow) Biohazard Cabinetry 
Circulation System Components for Swimming Pools 
Plastic Materials and Components Used in Food Equipment 
Supplemental Flooring 
Drinking Water Treatment Units - Health Effects 
Flexible Membrane Liners 
Special Equipment and/or Devices 
Continuous Cloth Towel Dispensr-rs 
Pitless Well Adapters 
Evaluation of Special Processes or Devices Used in Treating Wastewater 
Ductless Air Circulating and Treatment Devices 
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THE NAT1ONAL SANITATION FOUNDATION 

Purpose and Organization 

The Foundation, popularly referred to as NSF, is a nonofficial 
and noncommercial agency. It is incorporated under the laws 
of Michigan as a not-for-profit organization devoted to 
research, education and service. It seeks to solve problems 
involving man and his environment. It wishes to promote 
man’s health and enrich the quality of l i fe through conserving 
and improving that environment Its fundamental principle of 
operation is to  serve as a neutral medium in which business 
and industry, official regulatory agencies, and the public come 
together t o  deal wi th  problems involv ing products, 
equipment, procedures, and services related to health and the 
environment. 

NSF is perhaps best known for its role in  the developing of 
standards and criteria for equipment, products, and services 
that bear upon health. The NSF seal is widely recognized as a 
sign that the article to which it is affixed complies with public 
health requirements. NSF early in its existence established its 
awn testing laboratory as a subsidiary corporation. This 
laboratory conducts research; tests and evaluates equipment, 
products and services for compliance with NSF standards and 
criteria; and grants and controls the use of the NSF seal. 

A brochure is available discussing in some detail the purpose, 
objectives, and philosophy of NSF and its standards and listing 
programs. It describes the way in  which distinguished leaders 
from business, industry, public health, and related professions 
give generously of their time and talentin helping achieve NSF 
objectives. The brochure is available upon request. 

... 
111 
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' The National Sanitation Foundation (NSF) In performing its functions in  ac: 
cordance with its objectives, does not assume or undertake to discharge any 
responsibility of the manufacturer or any other party. The opinions and find- 
ings of NSF represent its professional judgment given with due consideration 
to the necessary limitations of practical .operation and state-of-the-art at th,e 
time the standard i s  processed. NSF shall not be responsible to anyone forthe 
use of or reliance upon this  standard by anyone. NSF shall not incur any 
obligation or liability for damages, including consequential damages, arising 
out of or in connection with the use,. interpretation of, or reliance upon this 
standard. 

Participation in NSF standards development activities, committees or Council 
by Federal agency representatives does not constitute the endorsementbythe 
Federal Government or any of its agencies of NSF,orthe standards which they 
develop. 

Preference is givento theuse of performancecriteria measurable.byexamina- 
tion ortesting in NSF standards developmentwhensuch performance criteria 
may reasonably be used in lieu of design, materials or construction criteria. 

The illustrations, if provided, are intended to assist in understanding their 
adjacent standard requirements. However, the illustrations may not includeal/ 
requirements for a specific product or unit, nor do  they showthe only method 
of fabricating such arrangements. Such partial drawings.shall not be  used to  
justify improper or incomplete design and construction. 

The appendices referenced in NSF standards are not considered an integral 
part thereof..The appendices are provided'as general guidelines to the man- 
ufacturer, regulatory agency, user or certifying organization. 

' 

, 
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The development of the NSF Standard for Flexible=Membrane Liners (FML) began as a response to a 
growing national interest in responsible containment of certain hazardous waste materials. In 
January of 1978, a meeting of lining industry, regulatory and user representatives was held to 
explore the interest and feasibility of an NSF standard covering polymeric membrane liners for land 
disposal of solid wastes. 

0 
Atthe firstfew meetings, it becameclearthat an NSFstandard would serveaveryuseful purposefor 
nationa1,stateand local regulatoryagencies responsiblefor safecontainment of hazardous and toxic 
materials; to FML manufacturers and fabricators who produce the FML; to engineers who design 
such installations; and to private and governmental organizations who would have a use for such 
liners. Further, it was determined that the NSF standard for FML should cover the broad use of 
polymer lining materials encompassing not only solid waste disposal sites, but a broad range of 
containment of hazardous and toxic fluids and the retention of fresh waterfora variety of uses such 
as reservoirs, canals and recreational ponds. 

The scope of the standard was to  cover the existing and recently developed polymer linings which 
could be installed as prefabricated linings which may or may not require field seaming to  form the 
finished lining. The objective of the standard was to establish a reliable and dependable means of 
industry furnishing an FML of known and consistent quality. Suitability of any particular FMLfor a 
specific application remains the responsibility of the user. . .  . 

Following the normal NSF procedure, a Joint Committee was estabtished to  write thestandard and 
furnish NSF technical information for appropriate policy on the use.of the.standard. 

. .  
One of the major tasks of the Joint Committee has been to' establish the requirements for various 
materials.These requirements now appear as the materials properties tables inthe standard. Atfirst, 
there was an attempt to  generate a general, all inclusive standard-requirement for all FML based 
upon the service needs of the FML. However, it was soon recognized that the engineering require-. 
ments would vary from application to application. More important is the fact that good FML of 
different chemical composition would have different physical properties. Consequently, the 
standard has been prepared on the basis of key tests which charactertize a good quality FML of a 
particular chemical composition. As a result, the requirements for a good 30 mil PVC plastic liner-are 
different from a 30 mil EPDM rubber liner. 

Selection of the properties to be listed was based upon current knowledge in.the field of important 
parameters for which reasonable test methods had been established or could readily be devised. In 
general, the test methods selected are based upon test procedures established by the American 
Society for Testing and Materials (ASTM) or other widely recognized standards setting organiza- 
tions. In some cases, these have been modified to reflectthe technical knowledge and experience of 
the Joint Committee. In a few selected uses, special tests have been developed to  meet a special 
need. 

The properties, test methods, and required values appearing in  the material properties tables were 
specifically chosen as those that are critical in  the characterization of the individual FML. There are 
differences from one material to  another in.the tests required, test. methods used.and the values 
required. This is because the chemical nature and physical properties of different membrane 
materials are not the same. Hence, the material propem tables should be dealt with separately as 
properties, methods and values that are critical to one FML may not be critica1.h describing another 

Two important qualities for FML have not been included in the requirements set forth in  this 
standard.These areimpermeabilityand puncture resistance.Fortheseproperties, eitherthey arenot 
appropriate for a materials requirement or a good test does not exist. 

An important basic FML property is impermeability. However, the inherent impermeability of the 
lining material itself is so great as to make the property meaningless in evaluating a material,for use 
as en FML. In actual use, flexible membrane liners do not leak unless there is a hole in  the liner, a 
failure of a seam, or the liner is degraded by the particularservice condition. Falling head or constant 
head permeameters are typically used in the laboratoryto determine permeability of soils. However, 
for FML, such measurement of permeability is a measure more of vapor transport than of fluid 
permeability or porosity. Therefore, a permeability test is not included in the materials properties 
tables. 

type. 
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. The resistanc.e of an FML to the attack of the chemicals to.,be contained is an obviously important 
concern. There is a wide variety of,different chemicals which are to be cpntained in industrial and 
municipal applications.The response of different FML materials is.quite differentto many chemicals. 
The environmental conditions of temperature, phase separation, etc., vary from case to case. There 0 .  IS no test method universally accepted for precisely establishing the chemical resistance of any FML 
materials. Forthese reasons,standard requirernentsfor FML havenot beenincluded and NSFmakes 
no representations a s  to the chemical resistance. Guidelines are given in Appendices C, D and E for 
selection and evaluation of possible FML materials for applications requiring.the containment of 
fluids other than fresh water, 

A committee will be formed to recommend procedures, conditions, chemicals and' methods of 
evaluation for chemical resistance .of FML and guidelines will be developed. 

FML should have.reasonable.resistance to puncture from rapid point stress such a s  falling rock in 
earth coveroperation orthedropping oftoolsduring instalIation.TheFMLshoulda1so be resistantto 
prolonged point stress resulting from soil and fluid loading over occasional stone or hard dirt clods 
under the liner. The Joint Committee found that although some tests do exist which relate to 
puncture resistance, none is acceptable as standard requirement. Some are very useful a s  research 
and developmenttools in the comparative study of different.materials or theaging of materials after 
field or artificial exposure. These tests, however, lackthe abilityto be reproduciblefrom laboratoiyto 
laboratory and do  not have sufficient consistency to have been accepted a s  a material standard. 

In preparing the standard, the Joint Committee recognized thatthe successful application of an FML 
in a particular situation depended upon several factors beyond the use of a good quality FML.To 
assist in the successful use ,of the liner, some.guidelines and recommendations are  given in the 
appendices. Final acceptance of FMLfor any application covered under governmental regulation will 
be subjected to the approval of the appropriate federal, state andlor local regulatory agency having 
jurisdiction. 

NOTE: The standard cowers both existing and recently deweloped polymeric.liners. The purpose of 
the  standard i s to  provjdea reliable and dependable rneansfor indusry to furnish such materials of 
ltnownandconsistent quality.Be~oresele~~ionofanymaterialforanF~L,however,theusershould 
consult with appropriate manufacturers, because these materials may not beappropriatefor ewery 
application. Specific informationshould be  obtained from t h e  manuracturersregarding installation 
requirements, exposure conditions, performance expectations, and experience factor. 

viii 
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NSF STANDARD 54 
FOR 

FLEXlBLE MEMBXAME LINERS a 

0 

SECTION 1. GENERAL 

1.0 SCOPE: This standard covers flexible membrane liners used in the retention of waters and 
containment of pollutants or chemicals in  an environmentally acceptable manner. The suc- 
cessful application of the flexible membrane liners covered by .this standard depend upon 
appropriate site evaluation, design, materials selection, construction and operation and 
maintenance. Guidelines covering these facto.rs are presented i n  Appendix C. The-standard 
includes requirements for evaluation of flexible membrane liners and fabrication techniques; 
Accordingly, materials properties tables for the various membranes are provided to indicate 
requirements for liner characterization and evaluation; liner fabrication requirements are also 
developed to accommodate evaluation for the indicated applications. Special test methods or 
revisions of standard test procedures are included in  Appendix A to  provide uniformity and 
consistency in the analytical protocol supportive of the standard. 

MINIMUM REQUIREMENTS: These standards are established as a guide to  the evaluation of 
flexible membrane liners covered herein and are considered to be basic.and minimum re- 
quirements. 

1.2 REVIEWS AND REVISIONS: A comprehensive review of the standard shall be conducted a t  
intervals of not more than five years to  determine what changes, deletions or additions, if any, 
are necessary to  maintain current and effective requirements consistent with new technology 
and progress. These reviews shall be conducted. by appropriate representatives of regulatory, 
industry and user groups. Final adoption of any revision shall be i n  accordance with the 
procedures established by the.NSF Joint Committee for Flexible Membrane Liners. 

1.1 

SECTiON 2. DEFINITIONS 

2.0 GENERAL: The definitions included in this section explain words orterms specifically used in 
thisstandardforwhich dictionary definitionseitherdo notexistorare not applicabletotheterm 
as used within the context of this standard. 

ALLOYS, POLYMERIC: A blend of two or more polymers such as a rubber and a plastic to 
modify a given property; e.g., tensile strength. 

2.2 BONDED SEAM STRENGTH: Strength of a seam of liner material measured either in shear or 
dead load, or peel modes. Strength of the seams is reported either'in absolute units; e.g., 
pounds per inch of width; or as a percent of the strength of the sheeting. 

BREAKING FACTOR: Tensile force per unit of width at  break measured in  pounds per inch 
(Newtons per meter) and used to,describe properties of membranes. 

2.4 BREAKING STRENGTH: Tensileforce to break measured in pounds [Newtons) on a supported 
membrane. 

2.5 BUTYL RUBBER (IIR): Asynthetic rubber based on isobutylene and asmall amount of isoprene 

2.6 CHLORINATED POLYETHYLENE (CPE): Family of polymers produced by the chemical reaction 
of chlorine with polyethylene. The resultant polymers presently c0ntai.n 25 -45% chlorine by 
weight and 0 -25% crystallinity. 

2.1 

' 2.3 
,: 

to provide sites for vulcanization. . .  

0 
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2.7 CHLOROSULFONATED POLYETHYLENE (CSPE): Family of polymers produced by the reaction 
of polyethylene with chlorine and sulfur dioxide. Present polymers contain 23.5-43% chlorine 
and 1 .O- 1.4% sulfur. A"low water absorption"grade.is identified as significantly different from 
standard grades (see Table 11B). 

2.8 CROSSLINKING: A general term referring to  the formation of chemical bonds between 
polymeric chains to yield a three-dimensional polymeric.structure. Crosslinking of rubbers is 
vulcanization. 

2.9 ELASTICIN: The property of matter by virtue of which it tends to return to its original size and 
shape after removal of the stress which caused the deformation. 

.. 

2.10 ELONGATION: Extension produced by a tensile stress. 

2.11 ELONGATION AT BREAK: The extension o f  a uniform section of a specimen at  rupture ex- 
pressed as percent of the original length. 

2.12 ELONGATION ATYIELD: The extension of a uniform section ofspecimen at  yield expressed as 

2.13 ELASTOMER: See."Rubber" 

2.14 ETHYLENE PROPYLENE 'DIENE TERPOLYMER (EPDM): A synthetic elastomer based on 
ethylene, propylene, and a small amount of nonconjugated dieneto provide sites forvulcani- 
zation. 

2.15 FABRICREINFORCEMENT Afabric, scrim, etc., used to addstructural strength t o  a two or more 

percent of the original length. 

ply polymeric sheet. Such sheeting is referred to as "supported". 

2.16 FILM TEARING BOND: Failure of one ofthe parts of a ply bytearing, instead ofseparatingfrom 

2.17 HIGH DENSITY POLYETHYLENE (HDPEI: Apolymer prepared by low-pressure potyrnerization 

2.18 .HYDROSTATIC RESISTANCE: Resistance to bursting using the flexible membrane liner as the 

2.19 MEMBRANE: A prefabricated continuous sheet of flexible polymeric material. 

2.20 MODULUS (FORCE) AT 100% ELONGATLON: 'Stress at 100% elongation. 

2.21 MODULUS OF ELASTICITY: The ratio of stress to  strain below the yield point. 

2.22 NlTRl,LE RUBBER: A family of copolymers of butadiene.and acrylonitrile that are oil resistant 
and can be vulcanized into oil resistant compounds.. 

2.23 PERMEABILIW The capacityof a porous mediumtoconductortransmitfluids.The amount of 
liquid moving through can be measured in a unittime, unit area, and unit pressuregradient not 
normalized for but directly related to thickness. 

2.24 PLASTIC: A material that contains as an essential ingredient one'or more polymeric substances 
of high molecular weight, is solid in i ts  finished state and at some stage in its manufacture or 
processing into finished articles, can be shaped by flow 

increase ease qf workability, flexibility or extensibility. 

the other pat? of the specimen a t  the separation li.ne. 

. .  of ethylene as the principal monomer. 

diaphragm. 

2.25 PLASTICIZER: A material, frequently "solvent-like" incorporated in  a plastic or rubber to 

2.26 POLYETHYLENE-ETHYLENE PROPYLENE ALLOY (PE-EP-A): Blend of polyethylene and 
ethylene proplyene polymer resulting in a thermoplastic elastomer. 

2 



, 2.27 POLYMER: A macromolecular material formed by the chemical combination of monomers 
having either the same or different chemical composition. Plastics, rubbers and textile fibers 
are all high molecular weight polymers. 

2.28 POLYVINYL CHLORIDE (PVC): A synthetic thermoplastic polymer made by polymerizing vinyl 
chloride monomer, or vinyl chloridelvinyl acetate monomers. Normally rigid, plasticizers are 
added to provide properties required for flexible membrane liners. 

_ 4 .  

2.29 RUBBER: A polymeric material which, at room temperature, i s  capable of recovering substan- 
tially in  shape and size after removal of a deforming force. Refers to both synthetic and natural 
rubber and is also called an elastomer. 

2.30 SCRIM: A reinforcing.fabric. 

2.31 SEAMS: 

2.31.1 ADHESIVE SEAMS: A chemical system is used to develop bond strength between two 
membrane surfaces. The chemical adhesive becomes an additional element to the 
seam system. 

2.31.2 BODIEDSOLVENTSEAMS: The parent material dissolved in  a solventisusedtosoften 
and bond the membrane materials. 

2.31.3 DIELECTRIC SEAMS: High frequency dielectric equipmentis used to generate heatand 
pressure on an overlap seam joint resulting in a homogeneous melt of the two mem- 
brane surfaces. 

2.31.4 EXTRUSION WELDED SEAMS: A bond between the two flexible membrane sheets is 
achieved by heat extruding the parent material between or over the overlap areas 
followed by applied pressure. 

2.31.5 SOLVENT SEAMS: Solvents are used to soften and bond the membrane surfaces. 

2.31.6 TAPE SEAMS: A width of material to which a chemical adhesive has been applied is 
used to  tape a seam joint. The tape provides the bond and the tensile strength of the 
joint. 

2.31.7 THERMAL SEAMS: High temperature is produced between an overlap seam joint to 
melt the membrane surfaces, followed by a pressure'system that results in the 
homogeneous bond of the two membrane surfaces. 

2.31.8 VULCANIZED SEAMS: Overlapped unvulcanized sheets cured together using heat and 
pressure. 

2.32 SPECIAL ENGINEERED (SE): Specifically designed for a particular end use or application. 

2.33 ,SUPPORTED MEMBRANE: See "Fabric Reinforcement". 

2.34 TEAR STRENGTH:The force required to tear a specimen. The value is determined by .the 

2.35 THERMOPLASTIC: A material capable of being repeatedly softened by increaseoftemperature 

2.36 THERMOPLASTIC ELASTOMERS: Polymeric materials having elasticity characteristics similar 

specific test procedure being used. 

and reformed by decrease in  temperature. 

to rubber and capable of.being repeatedly softened and reformed. 

2.37 TYPE: A designation relating to the strength of the fabric reinforcement. 

2.38 UNSUPPORTED MEMBRANE: A polymeric membrane one or more plies thick without a 
reinforcing fabric layer or scrim. 

3 



SECTION 3. UATERIALS AND iVlENIBRAME I4YAnlUFAG'KJRE 

3.0 GENERAL: Flexible membrane liners shall meet the gpecific physical, chemical, taste and odor 
requirements as established herein forthe intended application. Liners shall be free of pinholes, 
blisters, holes and contaminants which include, but are not limited to wood, paper, metal and 0 nondispersed ingredients. 

3.0.1 

3.0.2 

3.0.3 

FORMULATION: The compounding ingredients used in producing membrane liners 
shall be first quality, virgin material meeting specific public health and saiety require- 
ments as. well as providing durable and effective formulations for liner applications. 
Clean rework materials containing encapsulated scrim or other fibrous materials,shall 
not be used in the manufacture of FML used in Containment Applications as defined in 
Item 3.3 only. Clean rework materials of the same virgin ingredients generated from the 
manufacturer's own production may be used by the same manufacturer, provided that 
the finished products meet the requirements of this standard. 

MEMBRANE MATERIALS: The membrane materials covered by this standard include 

*Polyvinyl Chloride (PVC) -Table 1A 
OOil Resistant Polyvinyl Chloride (PVC-OR) -.Table 18 

Chlorinated Polyethylene (CPE)'- Tables 2A and 28 
 butyl Rubber (IIR) -Table 3 

OPolychloroprene (CR) -Table 4 
aHigh Density Polyethylene (HDPE) -Table 5 

-Ethylene-Propylene Diene Terpolym6r (EPDM) - Table 6 

eEpichlorohydrin Polymers (CO) - Table 7 

OPolyethylene Ethylene Propylene Alloy (PE-EP-A) -Table 8 
eHigh Density Polyethylene Elastomeric Alloy (HDPE-A) - Table 9 
OChlorosulfonated Polyethylene (CSPE) -Table 10A 
~Chlorosulfonated Polyethylene Low Water Absorption (CSPE-LW) - Table 105 
UThermoplastic Nitrile - PVC (TN-PVC) - Table 11 
*Thermoplastic EPDM (T-EPDM) -Table 72 

*Ethylene Interpolymer Alloy (EIA) - Table 13 

*Chlorinated Polyethylene Alloy (CPE-A) Tables 14A and 148 

Some materials are unsupported: others are supported with a reinforcing scrim. The 
scrim affects the physical properties of-the membrane. 

3.0.2.1 NEW MEMBRANE MATERIALS: New membrane materials will.be addedto the 
standard provided data (field experience and test data) to characterize the 
materials and assure satisfactory liner performance are. provided..(A recorn- 
mended protocol for developing the data is included in Appendix F.) 

INSTALLATION CONDITION: Some materials are intended tci be buried membranes; 
others are intended to be exposed membranes. Both membrane materials and factory 
seams for exposed linings shall pass the weathering test for a minimum of 1,000,000 
Langleys given in Appendix A with a rating of 7 or better.' 

the following: I 

i 
! 
i 

: 

3.0.4 SERVICE GRADE: Theflexible membrane material shall beconsidered as industrial grade, 
not suitable for potablewater applications unless it meets the requirements of ltem3.2.1, 
Potable Water Applications. Furthermore, the flexible membrane liner will not be consid- 
ered oil resistant unless i t  meets the requirements as given in the Materials Properties 0 Tables, Item 3.1. 

'This requirement is to become effective three years after the implementation of this standard. 

4 



3.0.5 IDENTIFICATIONINAMING OF MATERIALS: In order to n a m e  any material by a specific 
polymer name, it must contain more :than 50% OF the total polymer content of that 
polymer. If no polymer is greater than 50% of the total polymer content, then it shall be 
called by the principle polymer with the tkrm alloy, or the principle polymer shall be the 
first in the string of modifiers. 

3.1 MATERIALS PROPERTIES: The materials properties tables present minimum requirements 
necessary to meei the provisions of ihe standard. Test methods shall comply with applicable 
American Society for Testing and Materials (ASTM) procedures or as  amended (See Appendix 
A). Values contained in the tables characterize the materials and should not be used for direct 
application to indicatefield performance. Theinformation presented in thetables is based upon 
the properties of materials submitted for evaluation during the preparation of the standard. 

5 '  
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TABLE 2A. MATERIAL PROPERTIES 

Propew 

CHLORINATED POLYETHYLENE (CPE) 

Un3tIpportd (U) 

Test 
Method 20 30 

Gauge (nominal1 

Thickness, miis minimum 

,Specific Grauiy 
(minimum) 

Minimum Tensile Properties 
(each direction) 
1. Breaking Factor 

(poundsfinch widthl 
2. Elongation a t  Break 

IIIercent) 
3. Modulus [force) at 100% 

elongation IpouncWinch 
widthl 

Tear 4esistance (pounds. 
minimum) 

LowTempeiatura. 'F 

Dimensional Stabiliw 
(percent change maximum) 

Water Extraction 
(percent 10s maximuml 

Volatile Lass 
(percent io$% maximum1 

Resistance toSoii  Burial 
(percent change maximum 

in original vaiuel 
1. Brzaking Factor 
2..Elangntion at Break 
3. Modulus at 100% Elangation 

Hydrostatic Resistance 
(pounddssq. in. minimum) 

Bonded Seam Strength 
(factory seam, breaking 
factor, ppi widthl 

Peel Adhesion 
libclin'minimuml 

Resistance to Sail Burial 
(percent change maximum 
in original value1 
Peel Adhesion 

Bonded Seam Strength 

20 

ASTM 01593 19 
Para. 8.1.3 

- 

ASTM 0792 1.20 
Method A 

ASTM 0882 

Method A or E 34 

Method A or B 250 

~~ 

30 
28.5 

1.20 

43 

300 

Method A or B 8 12 

ASTM DlOM 3.5 
Die C 

4.5 

ASTM 01790 -20 a 0  
ASTM D1204 16 
'212'. 15 mi". 

18 

ASTM 03083 -0.35 -0.35 
(as modified in 
Appendix AI 

ASTM 01203 0.7 0.5 
Method A 

20 
20 

ASTM 0751 75 
Method A 

5 
20 
20 

100 

Factory Seam Requirements' 

ASTM D3083 27 
(as modified in 
Appendix A1 

34 

ASTM 0413 F W  FTB' 
(as modified in  or or 
Appendix AI 10 iblin 10 lblin 

ASTM 03083 
(as modified in 
Appendix AI 

-20 
-20 

-20 
-20 

'Factory bonded seam strength is the responsibility of the fabricator. Factory scams are funher discussed in Item 4.2. 

'FTB - Film Tear Bond 

]Film Tearing Bond is acceptable. 

This tahle provides a reliable and dependable means for industry to furnish such materials of knawn and consistent quality. 
any material for an FML, however, the user should consultwith appropriate manufacturers, because these 
he  appropriate for every application. Specific information should be obta.ined from the manufacturers 

requirements, exposure conditions, performance expectations, and experience factor. 
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TABLE 5. MATEfilAL PROPERTIES 

HIGH DENSITY POLYETHYLENE (HDPE) 

unsupported (U) 
Test 

Property Method 80 100 

Gauge (nominail - 80 100 

Thickness. mils minimum ASTM 01593 72 90 
para. 8.1.3 

Spccific Gravity 
(minimum1 

ASTM 0792 
Method A 

0.930 0.930 

Minimum Tensile Properties ASTM DOJE 
(each direction) 

1. Tensile Strength Yield 120 150 
(Ibiin width) 

2. Tensile SlriDngth a1 Break 120 150 
(Iblin widthl 

3. Eiongatian'at Yield 10 10 : 
(percent1 

(percent1 

(Iblsq in) 

4. Elangalion a t  Break 500 500 

5. Modulus of Elasticity s0,ooo ao.ooo 

Tear Resistance (lb, 
m i n I m u m 1 

Law Temperature, F 

Dimensional Sebility 
leach direction, percent 
change maximum) 

Resistance to Soil Burial 
(percent change meximum 
in original value1 
1. Tensile Strength Yield 
2.Tenaile Strength at Break 
3. Elongation at field 

4. Elongation a t  Break 

5. Modulus of Elasticiry 

Environmental Slress Crack 
lminimum, hours) 

ASTM 0lOM 
Die C 

ASTM D746 
Procedure B 

ASTM 01204 
212'F. 15min. 

40 50 

-40 4 0  

'-3 t3 

ASTM D3C83 
(as modified in 
Appendix A) 

10 10 
10 10 
10 10 
10 10 
10 10 

ASTM 01693 500 500 
(as modified in 
Appendix AI 

Factory and Field Seam Requirements' 

Bonded Seam Strength ASTM 03083 108 135 
(factory seam, breaking 
factor. ppi widthl Appendix AI 

Peel Adhesion ASTM D413 ma2 FTB' 
(Ib!in minimum] 

(as modified in 

(as modified 
in Appendix A) 

Dead Load , 
Room Tempereture 73'F See Appendix A Pass Pass 
50% Bonded Seam Load 

Elevated Temperature 158°F See Appendix A Pass Pa55 
25% Bondsd Seam Load 

Resistance to Sail Burial 
Peel Adhesion (agmadified in FTB' mal 
Bonded Seam Strength Appendix AI -20 -20 
(percent change maximum 
in original value1 

ASTM 03083 

'Factory bonded seam strength /E the responsibility of the febricator. Factory seams ere ruche, discussed in Item 4.2.. 

'FTB - Film Tear Bond 

This table provides a reliable and dependabl&neans for industry to furnish such materials of knowrand consistent quality. 
Before selection of any material for an FML, however, the user should consult with appropriate. manufacturers, because these 
materials may not be  appropriate for every application. Specific information should be  obtained from the.manufacturers. 
regarding tnstallation requirements, exposure conditions, performance expectations, and experience factor. 
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Property 

TABLE'7. MATERIAL PROPERTIES 

EPICHLOROHYDRIN POLYMERS (CO) . 

Test 
Method 

Unsuppolted (U) 

60 

Geuja Inaminall 

Thickness, mile minimum 

Specific Gravity 

Minimum Tonriie Prapeniei 
leach dirscriao) 
1. Jrirklng E m o r  

lpoundflinch width) 
2.Elonglfion at Break 

Ipercanll 

Tear Resistance lpounds. 
minimum) 

Lou Tempsmure;F 

Oineorianai Stability 
I a x h  direclion, percent 
change maximum) 

Resinancs m Soil Burial 
lpercenf change maximumin 
Original " B I Y d  

1. Breaking Factor 
2. Elongation at areak 

Oil Aboroiian 
lperccnt change, maximum) 

DuromeierA Hardnarr 
IPainu) 

02one Re~ ia0"ce  

Hart Asing 

1. Elongalion Ipercent, 
minimum1 

- 
ASTM 01643 
Pard 8.1.3 

ASTM 0237 

ASTM 0412 

ASTM 0624 
Die C 

ASTM 0746 

ASTM 01204 
2 V F .  7 day3 

ASTM 03083 
la. m o d i 4  in 
Appendix AI 

ASTM 0471 
ASTM Y 1 oil 
1WF. 1b9 haura 

ASTM 02240 
5 ricond reading 

ASTM 01149 
7 doyi. 100 pphm 
1WF. 20% e ~ e n ~ i o n  

ASTM OS73 
7 days at 240-F 

60 

n 

1.49%.0S 

90 

210 

8 

0 

2 

10 
25 

10 

70& 

No Cracks 
7x 

125 

60.0 2. Breaking Ficloi 
Ipaundrttnch wid*. minimum1 

Fadow Seem Rwuirarnems' 

Banded Seam Strength AST,U 03083 57.6 

factor. ppi width1 ~ ~ ~ e d i ~  ai 
Ifaclov ream. breaking lar  madifiedin 

Pod Adheuon 
IiMn minimuml 

Dead Load 
Roam Tempeiaivre 7TF 
50% Ponded Seam Load 

ASTM 0413 
lar modified in 
Appendix A) 

See Appendix A 
Pass 

Reris:ance to Sail Burial ASTM 03083 
lpercrnf change maximum las modified in 
in original VdUS) Appendix AI 

Peel Adhesion 
Bonded S a m  Strcngih 

-20 
-20 

'Fanoiy bonded ream IfrCngth is tho responsibility of the fabricalar. Factow seam9 are lunhar di lwsed in Ilsmd.2. 

'FTB - Film Tear Bond 

This table provides a reliable and dependable means for industry to furnish such materials of known and consistent quality. 
material for an FML, however, the user should consult with appropriate manufacturers, because these 
appropriate for every application. Specific information should be  obtained from the manufacturers 

requirements. exposure conditions, performance expectations, and experience factor. 
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TABLE 14A. MATERIAL PROPERTIES 

CHLORINATED POLYETHYLENE ALLOY (CPE-A) , 

Test 
unsupported (U) 

@pew Method 30 

Gauge (nominal) - 30 

Thicknsss, mils minimum ASTM 0751 28.5 

Specific Gravity ASTM 0792 1.28 
(minimum) Method A 

Minimum Tensiie Properties ASTM OS82 
(each direction) 
1.  Breaking Factor Method A or B 45 

(poundsfinch width) 

(percent). 

eiangazon (poundslinch 
width) 

2. Elongation a i  Break Method A or B 300 

3. Modulus (force) et 100% Method A or B 25 

Tear Resistance ASTM DlOM 6 
pounds. minimum) Die C 

Low Temperature, 'F ASTM 01790 -10 . 
Dimensional Stability ASTM Dl204 7. 
(each direction. percent 
change maximum) 

Water Exiractiw ASTjV 01239 435 
(percent loss maximum) 

Volatile Loss ASTM 01203 0.7 
(psrcent loss maximum) Method A 

Resistance to Soil Burial ASTivl D3QB3 
(percent change maximum (as modified in 
in original vaiuel Appendix AI 

21PF. 15 min. 

1. Breaking Factor 5 
2. Elongation a t  Break 20 
3. Modulus at 100% Elongation 

Hydrostatic Resistance ASTM 0751 85 

20 

(paundslsq. in. minimum) Method A 

Factory Seem Requirements' 

Bonded Seam Strength 
(factory seam, breaking 
factor, ppi width) 

Peel Adhesion 
(lbslin minimum) 

Aeeistance to Soil Bulial 
(percent c h a n p  maximum 
in original voluzl 

Peel Adhesion 
Bonded Seam Strength 

ASTM 03083 36 
(as modified in 
Appendix A) 

ASTM 0413 Frw 
(as modified in or 
Appendix AI 10 Win 

ASTM 03083 
(as niodified in 
Appendix Ai  

-20 

-20 

*Factory bonded seam strength is the responsibility of the fabricator. Factory seam* are further discussed in Item 4.2. 

V T B  - Film Tear Bond 

This table provides a reliable and dependable means for industry t o  furnish such materials of known and consistent quality. 

ierials may not be  appropriate for every application. Specific information should be obtained i rom the manufacturers 
selection of any material for an FML, however, the user should consult with appropriate manufacturers, because these 

installation requirements, exposure conditions, performance expectations, and experience factor. 
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5 .  

TABLE 1 4 8 .  MATERIAL PROPERTIES 
CHLORINATED POLYETHYLENE, ALLOY (CPE-A) 

Supported (S) 
Test 

Property Method Type 3-36 Type 3-45 

Gouge loominail 

Thickness. mils minimum 
1. Overall 
2. over suim 

36 

34 
11 

200 

45 

41 
.11 

250 

ASTM 0751 

Optiwl Mechd (sea 
Appendix AI 

ASTM D757 

ASTM 0751 

183 modified in 
Appendix AI 

Breaking Sfrengfh 
ipounilx. minimum) 
Tcar Strrogth 
ipound% minimum1 

1. initial 
2. After Aging 

Low Ternparalure. *F 

60 
25 

-40 

70 

25 
-40 ASTM 02135 

% in. mandrel 
4 hrr. Pass 

ASTM 01204 
21TF. 1 hr. 

Dimenrionii Stabiiii 
leach direction, percent 
change maximum) 

valaliie LO$* 
1p.rcent 1055 mlximum). 

Relistama to Soil eutiai 
1peei.rm change maximum 
io oripinal vaiue) 

a.Unruppaned Shest 
1. Breaking Strength 
2. Elongatim or Break 
3. McduIu~ at 100?6 Eloogtrion 
b. Membrane Fabric 

Breaking Strength 

Hgdrasatic Radsiawo 
Ipmund&sq. in. minimum) 

Pi" Adhorion leach direction 
poundrdn. width minimum) 

. 2  2 

A S h  01203 
Method A 
30 mil sheet 

ASTM DSOS 
30 mil sheet 
lar modified in 
Appendix A1 

0.7 

5 
20 
20 
25 

250 

7 

6 
20 
20 
25 

250 

ASTM 0751 
hlelhod A 

ASiM D75i 
Method A. Pmc. 1 

ASTM M13 mach. 
method Typa A 

7 

Factory Seam RBquiiemam' 

ASTaM 0751 160 '2W 
iar modified in ' 
Appendix AI 

Bonded Seam Strength 
I lmory warn. breaking 

rIrenglh,.lb minimum) 

Peel Adhesion 
llblin minimum) 

ASTM W13 Ply zep in 
plane Of 
swim or 
10 lbriin 

18s m0dified.i" 
Appendix A1 

Resistan~~ to Soil Burial 
lp~rcen l  change maximum 
in originai ".I". 

Pael Adhesion 
Bonded Seam Srrenglh 

ASTM DSOm 
las modified in  
Appendix A) 

-20 

-20 

-20 
-20 

lFactory s e m  requimmenis are the reiponeibilifyaf rhe fabrinior. Fanary seemi are funher discuassd in item 4.2 



3.2 RETENTION APPLICATIONS: Flexible membrane liners covered by this standard which are 
intended for retention of waters shall be suitable for a variety of municipal, industrial, agricul- 
tural. recreational and wildlife uses. Here the emphasis is upon the retention of the water by 
prevention of losses through seepage during transportation in canals or during storage or use 
in  reservoirs. The water retained in  these applications isconsidered avaluable resource and not 
a contaminant to the environment. 

3.2.1 POTABLE WATER APPLICATIONS: Materials used for flexible membrane liners suirable 
for use in  lining canals and reservoirs for potable water shall meet the physical require- 
ments given in item 3.1 and the specific requirements on chemicalltaste and odor given 
in item 3.2.1.1 and for tracers given in Item 3.2.1.2. Flexible membrane liners used for 
potable water applications shall contain only materials that are regulated, prior 
sanctioned, generally recognized as safe or nonmigratory ingredients. 

3.2.1 .I CHEMlCALfTASTE AND ODOR: Chemicalltaste and odor evaluations of mem- 
brane materials shall beconducted in accordance with the procedures set forth 
in  Appendix A, and the extractant water therefrom shall not exceed the 
maximum contaminant levelsestablished in the US. Environmental Protection 
Agency's Interim Primary Drinking Water Regulations- 1975 and the limits of 
acceptance as shown in Table 3.2-1. 

Parameter 
Max. Per. Level 

mgll 

Antimony 0.05 
Arsenic 0.05 2 

Barium 1.0 2 

Cadmium 0.01 2 

Chromium (Hexavalent) 0.05 2 

Lead 0.05 2 

Mercury 0.0022 
pH 
Phenolic Substances 0.05 
Selenium 0.01 2 

Solids Dissolved (Total) 70. 
- Tin 0.05 
TTHM 0.1 

TASTE AND ODOR EVALUATIONS 

Characteristic Permissible Level 

~ Odor 80 

Taste Satisfactory 

_. . . .. . _ .  . . . .  . .  

Established i n  the Nat ional  Interim Pr imary Dr inking WaterTreatment  Regulations, USEPA, 1975 (Publ ished in Federal Register.Vol.40, 
N o  248. December 14, 1975). 
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3.2.1.2 TRACERS: The addition of innocuous tracers to materials covered by this 
standard may be required. 

3.2.2 RECREATIONAL APPLICATIONS? Flexible membrane liners for recreational water ap- 
plications in canal and reservoirs for swimming, fishing and boating shall meet the 
physical requirements presented in Item 3.1. 

3.2.3 NONRECREATIONAL APPLICATIONS3: Flexible membrane liners for nonrecreational 
applications, canals, ponds and reservoirs used in the transport andlor storage of waters 
for industrial, commercial, fisheries, landscaping or agricultural purposesshall meet the 
physical requirements presented in Item 3.1. 

3.3 CONTAINMENTAPPLICATIONS: Flexible membrane linersfor containment applications other 
than those referenced in  Items 3.2.1,3.2.2 and 3.2.3, such as hazardous waste and nonhazard- 
ous waste landfills and surface impoundments, shall meet the physical requirements in Item 
3.1. Considerations should be given to site specificity and chemical compatibility as covered in 
Appendices C and D. 

SECTION 4. FABRICATION 

4.0 GENERAL: This section covers factoryfabrication of flexiblemembraneliner materials so asto 
give a fabricated part which conforms to the requirements set forth in Section 3 ofthisstandard 
forthe appropriate intended application. Repairs as well as primary seams are included and.all 
shall meet the same physical property requirements. 

4.1' MATERIALS: Flexible membrane liner msterials shall rneetthe physical property requirements 
per applicable sections of the standard and shall have been qualified for the product being' 
fabricated. 

4.2 SEAMS: The seam joint is a critical part of any flexible membrane liner system. Seam joints are 
constructed in e controlled factory environment (factory seams) to fabricate panel sizesthat can 
be adequately handled in field installation. Large factory fabricated panels are joined together 
with seam joints constructed in an uncontrolled outside field environment (field seams)..The. 
quality of both thefactory and field seams are equally critical tothe successful performance of a 
flexible membrane liner. Factory seam joints shall meet the physical property requirements 
listed in Item 3.1. 

4.2.1 TYPES OF SEAM J0INTS:'There are many techniques used to  provide effective factory 
and field seams as follows: 

.Adhesive Seams 
0Bodied Solvent Seams 
ODielectric Seams 
BExtrusion Welded Seams 
OSolvent Seams 
eTape Seams 
cThermal Seams 
ovulcanized Seams 

4.2.2 FACTORS AFFECTING STRENGTH OF SEAM JOINTS: Any seam joint technique should' 
provide adequate initial seam strength to meet installation and service requirements. 
However, many factors affect seam joints that can affect the long term performance of 
the seam. The seam joint may be exposed to a long term aging, to moisture environment, 
to  soil environment, to  a chemical environment, and to  a constant stress under load both 
at normal temperatures and a t  elevated temperatures. Considerationsshould begivento 
site specificih. and chemical compatibility as covered; in Appendices C and D. 

*Recommendations and precautions are given in Appendix B for the use offlexiblemembrane liners where a specificaquatii: 
environment is  required. 

0 
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, 4.3 POTABLE WATER APPLICATIONS: Joining or bonding materials used in  factory seams for 
potable water applications shall meet the applicablerequirements set forth in  Section 3. 

SECTlON 5. IDENTIFICATIOM 

5.0 GENERAL: The identification method is to identify the materials contained within the standard. 
The code consists of three parts: the first part covers the flexible membrane liner material; the 
second part covers the installed condition of buried or exposed; and the third part covers the 
general intended service. (See Appendix E for examples of the identification system) 

MATERIAL: This group consists of the following: 

5.1.1 FLEXIBLE MEMBRANE LINER MATERIAL CHEMICAL COMPOSITION: Flexible mem- 
brane liner material chemical composition referenced in Item 3.0.2 shall be used. 

5.1 

5.1.2 UNSUPPORTED - SUPPORTED MATERIAL TYPE: The following designations shall be 
used: 

U - Unsupported 
S - Supported 

I 
5.1.3 MEMBRANETYPE: For supported materials, membrane type, principally influenced by 

the type of reinforcement used. The number designations for flexible membrane liner 
material type referenced in the materials properties table, ltem 3.1, shall be used. 

5.1.4 FLEXIBLE MEMBRANE LINER THICKNESS: The nominai gauge referenced in the mate- 
r ia l  propenies tables in Item 3.1 shall be used. 

5.2 INSTALLATION CONDITION: Some flexible membrane liner materials are intended to be 
buried; others may be exposed or buried. The requirements are given in Item 3.0.3. The 
following designations shall be used: 

Bu - Buried 
Ex - Exposed or Buried 

5.3 GENERAL INTENDED SERVICE: The designation is to show the particularsetvice grade ofthe 
material as covered in Item 3.0.2. The following designations shall be used: 

PW - Potable Water Grade 
In - Industrial Grade, not for Potable Water Applications 

OR - . Oil Resistant Grade, satisfies specific requirements for 
oil resistant material 
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APPENDIX A 

Special Test Methods a n d  Revision of Standard  Test Procedures 

TABLE OF CONTENTS 

Part 1 
Part 2 
Part 3 
Part 4 

Part 5 
Part 6 
Part 7 
Part 8 

Part 9 

Part 10 0 
Part 11 

Part 12 
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Soil Burial 

Peel Adhesion 

Tear  Strength 

Thickness Over Scrim 

ChernicalfTaste and Odor.  

Ply Adhesion 

Weather Resistance 

Dead Load S e a m  Strength 

Dead Load S e a m  Strength a t  Elevated Temperature 

Environmental S t ress  Crack Resistance 



Part 1 

VIa ter &%action 

ASTM D3083 Paragraph 9.6 modified to  be:: 

A. Apparatus 
a 

1.' Balance: An analytical balance 

2. Containers: Pint jars orcans with a diameter of atleast2.5inches (6.5 cm) (onecontainer for 
each specimen) 

3. Oven 

4. Desiccator- 

8. Materials 

Water: Freshly prepared distilled or deionized water. 

C. Test Specimens . .  

The test specimens for plastic films shall be in  the form of squares 50 -C- 0.25 mm (2 inches) on 
each side. At least three specimens of each sample shall betested with each chemical reagent. 

D. Conditioning 

Conditionthe test specimens at73.4 2 3.6"F (23 i. 2°C) in a desiccatorfor not less than one hour 
prior to test., 

E. Procedure 

1. Maintain the water a t  the test temperature for a t  least 4 hours before the specimens are a 
immersed. 

2. After being weighed, immerse the specimens in the water, onespecimen to each container, 
Each jar shall contain 400 mi. Suspend the specimen freely in a vertical position, but fully 
covered by the 1iquid.To prevent each specimen from floating orcurling, itmay be necessary 
to attach small weights, such as paper clips. 

3. Cover the jars containing the specimens and keep at 122 i 35°F for 24 hours. 

4. Remove thespecimensfrom the [iquids and gentlywipe witha soft cloth orabsorbenttissue. 
Dry the specimens for 24 hours in  a desiccator at  73.4 2 3.6". 

5. It is realized that.there may be an increase in weight of the test specimen due to  water 
absorption. It is necessary to determine if a correction factor is needed, and the value of the 
correction factor: Prepare and condition control specimens in the same manner as for the 
standard test, but expose them for only 5 mintues and dry as specified in Section €5 If the 
control sample has a weight gain the calculated percent weight gain of the control is the 
correction factor that is used to adjust the.value obtained in the test. 

F. Calculations. 

1. The percentage loss in weight from extraction, expressed as percentage weight loss com- 
pared to the original specimen weight, shall be calculated asfollows: 

Weight loss, percent = (WT - Wz)W x 100 where: 

WI = weight of spec,imen af twthe conditioning period and, 
Wz = weight of specimen a t  the end of the test 

2. The values obtained for the three specimens for percentage weight lass shall be averaged 
and this value reported as the percentage weight loss of thesample being tested. 
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Part 2 

Bonded Seam Strength 

Unsupported Materials: 

ASTM D3083, Paragraph 9.3 is modified to permit either Method A or Method B of ASTM 0882. 

A specimen 1 inch wide is used with a grip separation of 4 inches plus the width of the seam. The 
seam isto be centered between the clamps. The rate of grip separation will be 20 inches per minute 
or as specified in  the materials properties tables. 

Supported Materials: 

ASTM D751 Section A Grab Method shall be modified as follows: 

Section 10.1 -Last sentence shall be changed to read: "the distance between the clamps atthe start 
of the test shall be 6 inches plus the seam width. Seam is to  be centered between the clamps." 

Sections 11 and 12 of ASTM D751 shall be revisedhto be: 

11. Test Specimens - 

Specimens 100 mm (3.93 in.) inwidth and not lessthan 200 mm (7.87 in.) plustheseamwidth in 
length shall be cut from the membrane for test. One set of five specimens will be required. , 

12. Procedure 

12.1 Test Conditions 

Heat-seded testspecirnensshall he conditionedfar a minimum of24hours at23"C(73PPF). 

Adhesive seamed specimens shall be conditioned fora minimum af 12 days at23" (73.4"F). 
After this period, if it appears that the adhesive seam is not dry and suitable fortesting, the 

.seams may be placed in  a circulating oven at70"C (158°F) for3 hours and allowed to restat 
23" (73.4"F) for 48 hours before retesting. 

12.2 Procedure 

Place the specimen symmetrically in the clamps of the machine (see Figure 1) with the 
longer dimension parallel to  and the shorter dimension at  right angles to the direction of 
application of the force. 

The rate of loading shall be a t  the rate of 12 i 0.5 in./min. (5 i 0.1 mmls). 

Record the maximum stress applied to the specimen at yield or breakage. 
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Part 3 

Soil Burial 7 ' 
ASTM D3083, Paragraph 9.5 is modified to be: 

The test value of the after-exposure specimen shall be based upon the precut sample dimension. 

The test method used t o  determine before and after exposure tensile properties shall be the test 
method specified in the materials properties tables for the tensile properties of the material. 

Specimens are to be prepared and buriedverticallyto a depth of 5 inches and exposed as specifed in 
ASTM D3083, Paragraph 9.5. 

Tests for Unsupported Mzteriah 

Testing shall be conducted on specimens prepared from the actual flexible membrane liner. 

Tests for Supported Materials: 

Fabric: Testing shall be conducted on specimens of the fabric used inthe supported sheet. Six 
specimens (4 inches wide by 6 inches long) shall be prepared, three in the warp direction and three 
in the fill direction. When testing the fabric by itself (no polymeric membrane coating) before and 
after soil burial, it will be necessary to  make sure slippage does not occur. This can be done by 
using tape, sandpaper or cloth material, special jaws, etc., It is also important to note that 
consecutive fibers that are grabbed in one jaw correspond to exactly the same fibers grabbed in 
the other jaw. 

Sheet Material: Testing shall be conducted on 30 mil unsupported sheet prepared from the 
sheeting or coating compound used to  produce the supported flexible membrane liner. 

Tests for Factory Seams 

. Testing shall be conducted on specimens prepared from actual flexible membrane liner factory 
fabricated seams with sealed edges. 

Part 4 

Peel Adhesion 

ASTM D413 shall be modified to be: 

Strip specimen Type A, 180" peel, modified to  be 1 inch sample width pulled at a rate of 2 inches/ 
minute: Use bonding technique employed in  seam joint construction. 

Part 5 

Tear Strength 

ASTM D751 shall be modified to  be: 

Tear strength of supported materials shall be determined using Method B -Tongue Tear Method. 
The test specimen shall be 8 x 8 inches. For oven aqing tear strength, initial values and values after _ _  
aging in an oven a t  212°F for 30 days shall be determined. 0 
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PART 6 

OPTICAL NlETHOD FOR MEASURING THICKNESS 
OF 

MATERIAL OVER SCRIM 
(SUPPORTING FABRIC) 

A. Scope and Application 

This is a method for measuring the thickness of a membrane over the reinforcing fabric. 

8. Principle 

The thickness of membrtne material over reinforcing fabric can be observed with a standard 
reflectance microscope. Measurement is made with a calibrated eyepiece. 

C. Accuracy 

Measurements are accurate to rt0.5 mils when the thickness is about 20 mils. 

D. Apparatus 

1. Microscope, 60X with reticle 

2. Light source 

.If light source on the microscope is not adequate, a small tensor lamp can also be.used. 

Stage Micrometer (0.001 inch divisions) 3. 

E. Procedure 

1. Calibration 

a. Place a standard reflectance stace micrometer in the plane of the sample. 

b. Turn on the microscope light source. 

c. Position the reticle eyepiece and the micrometer such thatthe scales aresuperimposed. 
Focus the reticle by turning the eyepiece. Focus the sample and reticle by turning the 
vertical adjustment knob. 

d. Locate a point at  which both scales line up. Count the number of micrometer divisions 
between that point and several reticle divisions away. Measure to the nearest 0.5 mil. 

The calibration may be optimized by increasing the number of divisions measured. 

e. Repeat the calibration three times and average the results. 

2. Sample Analysis 

a. Carefully center a sharp, single edge razor or equivalent over the fiber intersections 
along the x - x line. 

x 
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b. Make a clean bias cut complekely through the  h e r .  

c. Remove the  razor cut section and mount in common putty with the cut surface facing 
upward. 

d. Observe the cut surface with the eyepiece reticle. Measure the thickness of the liner on 
either side of the thread intersection by counting the number of reticle divisions (to the 
nearest one-half division). 

e. Sample two or three areas of the liner and average the results. 

F. Calculations 

1. Calibration 

A calibration example is given below: 

In the above example, 4.5 micrometer divisions (MD) are equal to 4 reticle divisions (RD). 

4 (RD) = 4.5 (MD) 
1 (RD) = 4.514 (MD) 
1 (RD) = 1.1 (MD) 

, 

One micrometer division is equal to one mil, therefore: 

1 R D  = 1.1 mils 

This calculated value (1.1 mils in the  example) is the  calibratyon factor. 

2. Sample 

Multiply the number of reticle divisions by the calibration factor. Repoi? results to the 
nearest 0.5 mil. 

PART 7 
ChemicalKaste and Odor 

A - Review Procedures 
for 

Ingredients intended for MSF Listed 
Potahle Water Formulations 

SECTION I. GENERAL 

A. GENERAL: The ingredient review procedures detailed below include those for: 
’ 1. ACCEPTANCE of a new ingredient‘ and a generically similar ingredient2 

2. QUALIFICATION of a new compound or material or change in formulation 

3. MONITORING of a listed product 

‘New ingredient - any chemical or substance not previously accepted for use in pcoduns intended for application in potable 
wafer liners. 

2Generically Similar Ingredtent- an mgredtenf rhat ts not considered a “new ingredient” and while generically Sirnilart0 a? 
accepted ingredient, if may vary in composition due to manufacturing process, source of matertals. potential trace contami- 
nants, etc. 

. .-. , . 
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E. ACCEPTANCE STAGE - NEW INGREDIENTS: Samples shall be submitted of liner formulated to 
contain the ingredient of interest at twice the recommended maximum use level. Consult NSF if 
the physical characteristics are significantly mod.ified at twice the recommended maximum use 
level. 

1. .Samples shall be exposed by NSF using the standard (multiple) exposure procedure. 

2. No level of a constituent of interest greater than 10 times the MCL (NSF Standards, Table 
3.2-1) shall be measurable in water from the first exposure; and no greater than the MCL 
(NSF Standard 54, Table 3.2-7) shall be measurable in water from ths third exposure. 

3. If the basic constituent of the ingredient is  not on the FDA list of sanctioned materials orthe 
EPA List of Accepted Ingredients, 90-day animal feeding study3 and Ames test data shall be 
conducted and the data submitted to NSF. The protocol forthe SO-day animal feeding study 
shall include feeding levels at effect,.no known effect,.and an intermediate level. 

4. If the ingredient is accepted in the US. Code of Federal Regulations,Title21 Food and Drugs 
Regulations, the applicable section shall be referenced. 

5. The ingredient supplier shall provide the chemical abstracts registry. number. 

6. The ingredient supplier shall submit the chemical description. of the ingredient including 
molecular structure, and percent of components. A. l is t  of known contaminants shall be 
provided and the amounts in  ppb, NSF shall be notified of ingredient(s) containing known 
carcinogens with appropriate references cited. 

7. A complete literature review may be required to  support application for acceptance. 

8. The.ingredient manufacturer shall certify that the ingredient issuitable foorke in a potable 
water product. 

9. If the extraction test and 90-day feeding study (if required) as well as the other information 
submitted by the ingredientsupplier are acceptable, the ingredientshall be accepted.for use 
in  products listed under NSF Standard No. 54 for potable water applications. 

C. ACCEPTANCE STAGE- GENERICALLY SIMILAR INGREDIENT: Samplesshall be submitted of 
liner formulated to contain the ingredient of interest at  twice the recommended maximum use 
level. Consult NSF if the physical characteristics are significantly modified at  twice.the recom- 
mended use level. 

1. Samples shall be exposed by NSF using the standard (multiple) exposure procedure. 

2. No level of a constituent of interest greater than 10 times the MCL INSF Standard 54, Table. 
3.2-1) shall be measurable in water from the first exposure; and no level greater than the 
MCL (NSF Standard 54, Table 3.2-1) shall be measurable in water from the.third exposure. 

3. If the ingredient is accepted inthe U.S. Code of Federal Regulation;Title21 -Food andDrugs, 
the applicable section shall be referenced. 

4. The ingredient supplier shall provide the chemical abstracts registry number. 

5. The ingredient supplier shall submit the chemical description of the ingredient including 
molecular structure and percent of components. A list of known contaminants shall be 
provided and the amounts in ppb. NSF shall be ,notified of ingredient($ containing known 
carcinogens with appropriate references cited, 

6. A complete literature review may be required to support application for acceptance. 

7. Theingredient supplier shall certify that the ingredient is suitable for use in a potable water 
product. , ,  

'It is SLSgested tna! the protocol for ;he feeding stLdy be revievved by tcxicologisrs fortheir suggestions priorto the beginning 
of any ac:uaI animal feeding studies. 



. I  
8. If the extraction test as well as the other information submitted by the ingredient supplier is 

acceptable,the ingredientshall beacceptedforusein products listedunder NSFStandard54 
for potable water applications. 

D. QUALIFICATION STAGE: To qualify a new material, compound or product, or to change an 
ingredient in an accepted formula, the formulation and a sample shall be submitted for evalua- 
tion. 

0 .  . .  

1. Samples shall be exposed by N S F  using the standard (multiple) exposure procedure. 

2. No level of a constituent of interest greater than 10 times the MCL (NSF Standard 54,TabIe 
3.2-1) shall be measurable in water from the first exposure; and no level greater than the 
MCL [NSF Standard 54,Table3.2-1) shall be measurablein water from thethird exposure. 

MONITORING STAGE (LISTED PRODUCTS): Samples of listed products shall be selected ran- 
, domly by N S F  personnd during unannounced visits to  production facilities. Samples may be 
taken during production or from inventory. 

1. Sample shall be extracted by NSF under standard [multiple) exposure procedures. 

2. Levels measuredshall not be greaterthan the established MCLspecifiedfor"monitoring." 

E. 
, 

ACCEPTANCE QUALIFICATION MONITORING 

(New ingredient (New Product or.Change 
or Generically Similar) in Fo<mulationJ 

Twice Recommended Maximum Recommended Maximum Use Level 
Use Level 

MultiDle Exnosure 

MCL4: 1st extraction 
510 X MCL4 
3rd extraction 
c MCL4 

A. REQUIREMENTS: 

Multiple Exposure 

pH 5.0 

Multiple Exposure 

pH 5.0 

MCL4: 1st extraction 3rd extraction 
510 X MCL4 cMCL4 
3rd extraction 
5 MCL4 

8 - Laboratory Procedures 
for Sample Preparation Extractant Water 

Exposure Taste and Odor 

SECTION I. SAMPLES 

Liner: Use a "standard" ratio equivalent to 50 cm2 surface area of liner sample to 1 liter of 
extractant water for a l l  exposures. 

Joining Materials: Use a "standard" ratio equivalent to 2.5 cm2 surface area to 1 liter of 
extractant water. 

"Maximum Contaminant Level;U. S. Environmental Protection Agency's National Interim Primary Drinking Water Regula- 
tions. 1978 and NSF limits of acceptance as shown in NSF Standard 54, Tabie 3.2-1. 

0 
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8. SAMPLE PREPARATION: _". . 

Liners: Cut a portion of the liner into four individual circles.3% inches in diameter. Place the 
samples in a labeled stainless steel backet and wash in cold water utilizing a "detergent wash" 
and a "distilled water rinse" (EL detergent 101 and El detergent additive 601 are used for 
washing; Economics Laboratories, lnc., St. Paul, MN 55102). Finally, rinse the samples in  an  
organic-free' water, and place in a laminar flow hood until they are dry andlorto be exposed. 

' 

Joining Materials: Coat one-fourth of the suriace (on oneside) of two standard laboratory glass 
slides (1 x 3  inch) with the adhesive, solvent, or bodied solvent. Allowthe specimens to cure for 
48 hours at ambient temperature. Wash the sample as for liners. 

. 
SECTION II. EXTRACTANT WATER 

A. CHEMICAL CHARACTERISTICS: Prepare "standard" extractant water'to contain 100 rng/l hard- 
ness (as CaC03) and 0.5 mgll chlorine'in organic-free water'. Adjust pH to  5.0 t 0.2 with COZ. 

B. REAGENTS: Buffer Stock Solution: Dissolve 3.36 g sodium bicarbonate (NaHC03) in organic. 
free water.' Make up to  one liter. Make fresh daily. 

Hardness Stock Solution: Dissolve 4.44 g chloride (anhydrous CaClz) in  organic-free water'. 
Make up t o  one liter. Make fresh daily. 

Chlorine Stock Solution: Add 7.3 ml  sodium hypochlorite (5 percent NaOCI) to 200 rnl distilled 
water. Make fresh weekly. Keep in tightly stoppered bottle. Determine the strength of the 
chlorine stocksolution by diluting 1 ml  to 1 literwithstandard extractant wa'ter, and immediately 
analyze for total available residual chlorine. Reference this determination as"A." Determine the 
volume of CIZ stock solution necessary to add to  the exposure water with the.formula: 

Clz stock solution (ml) = 0.5 B - 
A 

where: 
A = ppm CIz equivalent per ml of C1z stock solution 
B = liters of standard extractant water 

~ 

C. WATER: Prepare "standard" extractant water by adding stock reagent solutions to organic-free 
water', as shown in Table A-I. 

Table A-I 

"Standard" Extractant Water 

Chlorine 

(liters) Solution Solution Solution 
Organic-free Water' Buffer Stock Hardness Stock Stock 

(ml) (ml) .(mi) 

1 
.6 

' 12 
15 

25 
150 
300 
375 

25 . 0.5 
150 3.0 
300 6.0 
375 7.5 

. .  Bubble with CO2 until pH 5.0 2 0.2 is anained. . . .  

'Organic-free water is defined as water free of interference when employed in the procedure described herein. 
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SECTION Ill. EXPOSURE 

A. VESSEL EXPOSURES, LINER: Use 2 one quart "Mason" type jars to expose 50 cm* of liner 
sample in 1 liter of "standard" water. When cut as a lid liner. approximately 30 cm2 of liner 
material will be exposed. Therefore, the volume of water used must be determined to maintain 
the required 50 cm2/liter surface area to water volume ratio. 

JOINING MATERIALS: Coat one-fourth of the surface (on one side) of two standard laboratory 
glass slides (1 x 3 inch) with the adhesive, solvent, or bodied solvent to obtain approximately 10 
cm2 of exposed surface. Allow the specimens to cure for48 hours at ambienttemperature. The 
specimens shall be immersed in 4 liters of extractant water to obtain a surface area to water 
volume ratio of 2.5 cmYI. 

- .  

8. EXPOSURE CONDITIONS, GENERAL: All tests. for acceptance, qualification and routine 
monitoring shall be conducted with the multiple exposure procedure. 

1. 2421 hour at 37k0.5"C 
2. 2421 hour at 37kO.TC 
3. 7 2 i 4  hours at 3710.5'C 

Controls: Place equivalent volume of formulated water in extraction vessel and expose as a 
control. Include one control for each combinationof extraction vessel andlor exposure condition 
in the daily sample run. 

Liners: Use A "Wide Mouth" one quart "Mason" type jarto expose each of the four specimens. 
Place a 11.6 cm length of 1 '/4 inch glass rod in each exposure jar (to displace the exposure water 
enough to fill the jar). Fill the jarwith extractant water~and seal withouta head space utilizing the 
sample specimen as a cap liner. During.the course of the expasure period, lay the exposure 
vessel upside down. , .  

Joining Materials: Place one of the prepared slides on the bottom o f  each of two, two quart 
"Mason" type jars. Fill the jars with extractant water and seal without a head space utilizing an 

' aluminum foil lined cap. 

SECTION 1V. RECOVERY OF WATER FOLLOWING EXPOSURE 

A. TRIHALOMETHANE SAMPLE: Obtain an exposure water sample from one OF the jars im- 
mediately after opening. Specifically, place 2.5 to3 mg ACS ReagentGrade sodium sulfite in a40 
ml vial. Overflow it with the exposure water sample and seal without a head space utilizing a 
Teflon lined cap. 

8. CHEMICAL, TASTE AND ODOR SAMPLE: Separate water from exposed samples immediately 
after exposure vessels are removed from the elevated temperature environment by pouring 
through filter paper (white, crepe, VWR Grade 6.5) into a ground glass stoppered bottle. Com- 
bine the waters from each of the four liner specimens or two joining materials samples into one 
bottle. 

SECTION V. TASTE AND ODOR EVALUATION 

ODOR TEST: 

A. GENERAL REQUIREMENTS: Final extractant water exposed to liners shall havea threshold odor 
number less than 80. A paired sample technique i n  which the stronger odor.in each pair is  
identified shall be used .in determining threshold odor levels. 

B. TEST PROCEDURES: The NSF odor procedure is a modification of the paired sampletechnique 
described in American Society for Testing and Materials (ASTM) Special Technical Publiation 
434: Manual an Sensory Testing Methods, prepared by. ASTM Committee E-18. The modified "a,' ' procedure permits the panel member to identib the member of-the samplelcontrol pair con- 
taining the strangest odor versus identification of the control bottle in the pair. Statistical basis 
for the paired sample technique is noted. 
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Odor Pairs: (SampleiControl) .. . 
Sample: Dilute the sample 1 to 80 by combining 2.5 ml of the final extractant with 197.5 ml of 
odor-free water in  a BOD bottle. 

Control: Dilute the control 1 to 80 by combining 2.5 ml of the final extractant with 197.5 ml of 
odor-free water in a BOD bottle. 

Generate a second pair of the same by duplicating the above. 

(Note: Odor-free water is prepared by passing distilled water through activated carbon.) 

. 

. .  
Numbers of Samples: No less than 4 and no more than 14 odor pairs shall be evaluated at any 

' time. 

Panel: Use panel of at least 10 members prescreened to  eliminate persons who are unusually 
sensitive or insensitive to tastes and odors. 

Preselect a.random arrangement of the odor pairs for evaluation. For any given sample insure 
thatthecontrol is located onceonthelehand onceonthe rightofthesamplewithinirstwoodor 

Hold BOD bottles containing samples and paired controls in a water bath at 22°C. 

. .  . . pairs. ._ . .  . .  

Aminimum of 10 panel members shall examineaach pairin turn to  determinewhich memberof 
the pair has the strongest odor. 

C. RESULTS: Data from all  panel members are summed add reported astothe numberoftimesthe 
sample was selected as the member of the pair which contained th strongerodor. Table A-ll is 
.then used,to determine theconfidence level.(%) thatthesamplehasthestrongerodor.Asamp1e 
fails the odor test when that confidence level reaches 99% or greater. 

- . .  

a .  . . '. . .  

.. 
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TABLE A-I1 

I 
I I 

22 24 26 28 No.' 

to  N.S.2 

CONFIDENGE L E V E L S  
No. of remonies 

I .. . 

30 32 3 . 36 38 40 4? 41 46 48 

11 I N.S. 1 N.S. I I I 
12 176.00 I 63.M I M.S. I 

I I I ! I I i 99.95 I 99.95 I 99.95 i 99.95 i 99.95 I 99.95i99.50 I 36 I : 

I 

'Number of~times sample identified as strongezt odor in sarnplelcontroi pair 
2N.S. = No significant difference. 

31 I 

Confidence levels in Table A-ll are obtained from the percentiles of the "C' distribution.This distribution Is parameterized by 
thesampling degreesoffreedom.Thedegree offreedom is 19 forthetest procedureusingten panel membersand two p a i s  
containing the sample and control. 

where F the fraction ofcorrect choices, t c a n  be evaluated 

I I 99.95 1 99.95 I 99.95 I 09.95 I 99.95 1 99.95 I 99.501 99.50 

The t-value is computed by the formula: 

I 
35 99.85 199.95 199.95 199.95 

= fi (2F-1) F-0.5 
t =  

99.95 99.50 99.50 

for different numbers of correct identifications of the control: 

Number Confidence 
Correct :-value Level (%I 

74 T.74 90.0 
15 2.18 97.5 
16 2.62 ' 98.0 . .  
17 3.05 99.50 
18 3.49 99.50 
19 3.92 99.95 

These are the enrries for No. responses equal to 20 inTabla A-11: theother entries in Table A-II wereobtained in a like manner. 
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TASTE TEST 

D. TESTPROCEDURES: Place 200 ml final extractant water (Le., water from final exposure period) 
for each sample in separate BOD bottles. Place 200 ml control water in  BOD bottle. 0 
Maintain al l  bottles-- extractant water and control - a t  room temperature. 
Arrange samples and control in random order for evaluation by panel. 
Do not indicate to the panel which bottle contains co.ntrol water. 

Apanel membershall pourtastesamples into25 ml  beakerand record tasteas”sweet,””sour,” 
”bittler“ or ”salty.” 

Panel member shall rinse mouth with odor-free water before proceeding to the next taste 
sample. 

E. RESULTS: If panel consistently reports the taste of a particular sample to be more disagr.eeable 
than taste of the control, sample fails the taste test. 

SECTION VI. CHEMICAL METHODS 

A. HEPlVY METALS 

1. GENERAL: The determination of heavy metals in  extractant water is accomplished, using 
atomic absorption analysis. This technique is based on the quantum mechanical principle 
that atoms absorb light at energy levels corresponding to characteristic orbital anergies of 
theatom. Bymeasuringthe attenuation ofamonochromatic light beam passingthroughthe 
sample atoms, the concentration of metal in the sample can be determined using Beer‘s 
Law. 

NSF employs an external standard technique fo r  calibration and sample determination. 
Three standard solutions are made in concentrations corresponding to the region in which 
the samples are expected to lie. Standards are run concurrently with samples to insure 
quality control and to indicate any significant deviations in  instrumental response. The 
concentrations of the samples are then obtained from graphs of absorbance versus concen- 
tration for the standards. 

Astudy of testing results for several routine analyses was madeto determine reproducibility 
and levels ofdetection obtainedon averageworking daysintheNSF1aboratories.Thisstudy 
was done without the prior knowledge of laboratory personnel. 

Detection limits were determined as twice the noise level of the recorder output for an 
analysis. Reproducibility was determined to be the standard deviation of the absorbance 
values obtained for a speciiic concentration of a standard. Arithmetic mean values of the 
standard were then plotted against concentration, and a least squares line drawn. Detection 
limits and reproducibilityvalues were then determined from this graph. This procedure was 
followed for each metal. The results are shown in Table A-Ill. 

Updating analytical procedures is a continuous process at NSF. 

All standards and samples are made in the matrix of NSF formulated extractant water2. 

’Reference A S T M  Special Technical Publ icat ion 434: Manualon Sensory Testing Methods, sponsored by ASTM Cornminee 
E-18 on Sensory Evaluation of Mater ia ls and Products. 

* 
2NSF Standard No. 14, Appendix  A, Sect ion 2 

A13 



I 

TABLE A411 

DETEGTION LlMlTS AND R€PRODUG13IL~T( OF METALS ANALYSES 
.. - 

Reproducibility Reproducibility . .  
0 

. .  MCL' . at MCL DLZ at  lowest standard 
Metal (mgll) (mgN (mgil) (mgN 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Tin 

0.05 F0.0007 
0.05 t0.0007 
1 .o 20.05 
0.01 ~0.0002 
0.05 zko.002 
0.05 ~0 .0009 
0.002 C0.0004 
0.01 t O . O O 1  
0.05 20.002 

0.0.07 
0.004 
0.008 
0.0005 
0.005 
0.002 
0.0003 
0.003 
0.005 

F0.0005 
F0.0008 
20.004 
F0.0001 
20.002 
20.0007 
t0.0004 
t0.0005 
CO.0009 

'maximum contaminant level (MCL) 

Zdetection limit (DL) 

2. EQUIPMENT: 

Perkin-Elmer Model No. 560 atomic absorption spectrophotometer 

E.D.L. Power Supply, P.E. No- 040-0354 

Perkin-Elmer Graphite Furnace, H.G.A. 2200 

Perkin-Elmer PRS-10 Printer Sequencer 

Perkin-Elmer AS-1 Auto Sampling System 

Burner Control Box, P.E. No. 057-0262 

Perkin-Elmer Hitachi 200 Recorder 

Acetylene Gas Tank and Regulator 

Argon Gas Tank and Regulator 

Nitrous Oxide Gas Tank and Regulator 

Inorganic 1000 ppm metal standards in matrix of dilute hydrochloric acid 

Eppendorf micro-pipets 

: i  
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3. PROCEDU.RE, (Atomic Absorption Spectrophotom-ster) AAS: 

Atomization Method - graphite furnace (except mercury) 

Sample Matrix - 0.1 ml  of SuprapurB HNOJ in 50 ml of extractant water 

Slit - Alternate 

Gain - Set between 35 - 40 units 

Source- Set to  specifications of lamp being used 

Signal - Absorbance 

Mode- Continuous 

Recorder - Absorbance 

Background Corrector - AA (Background correction not used routinely) 

Recorder Chart Expansion - Set as desired 

The lamp is allowed its specified warm up time 

Standards are made by adding appropriate aliquots of 1000 pprn standards to the correct 
matrix. Controls are made with the same matrix but with no exposure to  plastics and no 
addition of the standard. 

After proper alignment, each standard is analyzed at  leasttwo times. Following this, controls 
and samples are analyzed two times. Srandards are interspersed in the analysis with a total 
standard frequency of no less than 5 percent.of analysis time. Following the completion af 
the sample run, each standard is rerun. lfthe instrument response haschanged, all question- 
able samples are rerun immediately followed by a series of standards. 

4. METHODS: 

Antimony (Sb): 

Standards- 0.1, 0.05, 0.02 mgll 

Graphite Furnace Settings 
Temperature Time 

"C Sec. 

Dry 710 20 
Char 825 22 
Atomization 2700 6 

Purge gas -Argon 
Purge gas flow rate - 300 ccfmin 

. Purge gas interrupt-3 sec. 
Sample volume 20 ZpJ 

Instrumental Parameters 
*Slit- 0.2 mm 
eSource - HCL. P.E. No. 303-6010 
SWave length -217.6 nm 

Photometric Range - 0.5 
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Arsenic (As): 

Standards -0.100, 0.050, 0.020 mgll 

Graphite Furnace Settings 

Temperature Time, 
"C Sec. 

Dry 1'1 0 20 
Char 250 20 , -. 
Atomization 2700 6 

Purge gas -Argon 
Purge gas flow rate - 300 cclmin 
Purge gas interrupt-3 sec. 
Sample volume 20 pI 

Instrumental Parameters 

- 

aslit - 0.7 
*Source - EDL, P.E. No. 303-621 1 
BWave length - 193.7 nm 

Photometric Range - 0.5 

Barium (Ba): 

Standards -0.100. 0.050, 0.020 mgll 

Graphite Furnace Settings 

Temperature Time, 
"C Sec. 

Dry 110 23 
Char 1100 36 
Atomization 2700 5 

Purge gas - Argon 
Purge gas flow rate - 300 cclmin 
Purge gas flow reduction rate- 110 cclmin for 3 sec. 
Sample volume - 20 pI 

Instrumental Parameters 
-Slit-0.2 
oSource-HCL, P.E. No. 303-6012 
OWave length - 553.6 nrn 

Photometric Range - 0.5 ' 
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Cadmium (Cd): ._ . 

Standards - 0.0100, 0.0050 0.0020 mgll. 

Graphite Furnace Settings 

Temperature Time, 
"C Sec. 

Dry 110 20 
Char 280 32 
Atomization 2100 6 

Purge gas -Argon 
Purge gas flow rate - 300 cclmin 
Purge gas interrupt - 3 sec. 
Sample volume - 20 pI 

Instrumental Parameters 

aslit - 0.2 
oSource - HCL, P.E. 303 501 b 
*Wave length - 228.8 nm 

Photometric Range - 1.0 

Chromium (Cr): 

Standards.- 0..100, 0.050 0.020 mgil 

.Graphite Furnace Settings 

Temperature Time, 
"C Sec. 

110 20 
32 

Dry 
Char 1100 
Atomization 2700 6 

Purge gas -Argon 
Purge gas flow rate - 300 ccimin 
Purge .gas interrupt - 3 sec. 
Sample volume - 20 /*I 

Instrumental Parameters 

*Slit - 0.7 
@Source - HCL, P.E. 303-6021 
.Wave length - 357.9 nm 

Photometric Range - 1.0 

Lead (Pb): 

Standards - 0.050, 0.030, 0.010 mgil 

Graphite Furnace Settings 

Temperature Time, 
"C Sec. 

Dry 110 20 
Char 700 20 
Atomization 2300 6 
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Purge gas - Argon 
Purge gas flow rater 300 cclmin 
Purge gas interrupt - 3 sec. 
Sample volume - 20 pl 

Instrumental Parameters 

aslit - 0.7 
eSouce - HCL, P.E. 303-6111 
eWave length - 217.0 nm 

aslit - 0.7 
eSouce - HCL, P.E. 303-6111 
eWave length - 217.0 nm 

.. 

Photometric Range - 0.2 

Mercury (Hg): 

Sample Matrix - sample water treated in accordance with Perkin-Elmer instructionsfor 
Mercury Analysis System No. 303-0830 

Standards - 0.010, 0.0050, 0.0020 mgll 
. (  

Atomization Method - Perkin-Elmer Flameless Mercury Analysis System 303-0830 

Instrumental Parameters 

*Slit - 0.7 
oSouce - HCL, P.E. 303-6044 
cWave length - 253.7 nm 

Photometric Range - 0.5 

Selenium [Se): 

Standards - 0.050, 0.020, 0.0050 mgll 

Graphite. Furnace Settings 

Temperature, Time, 
"C Sec. 

' Dry 110 20 
Char 370 36 
Atomization 2700 5 

Purge gas - Argon 
Purge gas flow rate - 300 cclmin 
Purge gas interrupt - 3 sec. 
Sample volume - 20 pI 

Instrumental Parameters 

@Slit - 0.7 
*Source - EDL, P.E. 303-6262 
eWave length - 196.0 nm 

Photometric Range- 0.2 

Tin (Sn): 

Standards - 0.100, 0.050, 0.020 mgll 
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Temperature Time 
"C Sec. 

Dry 110 30 
Char 700 
Atomization 2700 

32 
5 
. 

Purge gas -Argon 
Purge gas flow rate - 300 cclmin 
Purge gas interrupt - 3 sec 
Sample volume - 20 PI 

Instrumental Parameters 

6 l i t  - 0.7 
Gource - EDL, P.E. 303-6274 
*Wave length - 224.6 nm 

Photometric Range - 0.5 

5. QUALITY CONTROL: Any liner sample which fails any chemical parameter is retested to 
assure that the problem is associated with the sample versus the analysis or analytical 
technique. 

In accordance with the 15th Edition of StandardMethodsforthe Examination of Waterand 
Wasfewater, the NSF laboratory utilizes two methods of quality control, internal and 
external. The internal method includes standard solutions and controls which correct for 
chemical interference in  the extractant water. Standards and controls comprise 15% of the 
analytical time for heavy metals determinations; i.e., one in six randomly spaced controls. 

External quality control samples are analyzed on an average of once every three months, 
eitherasEPAreferencestandards orsoluiionsof NSFextractantwaterspiked with metalsat 
concentrations which approximate a "typical" liner sample. The quality control samples are 
prepared by personnel other than those inGolved in the analysis and are coded in a manner 
which simulates actual linersamples. The analystreceivesthe qualitycontrol sample, along 
with actual liner samples, with no knowledge of its status as a quality control sample. 

B. TOTAL TRIHALOMETHANES ( T H M )  

1. GENERAL: Total trihalomethanes (TTHM) [chloroform (CHC13) bromodichloromethane 
(CHCIzBr) chlorodibromothane (CHCIBRz), and bromoform (CHBr3)J in extractant water are 
determined using gas chromatography. 

1Omlofthesample'sfinal exposurewaterareextractedwith2ml ofpentaneandanalyzedin 
accordance with the procedures outlined for the liquidlliauid extraction method (Federal 
RegisterNol. 44, No. 231/November 29, 1979, p. 68683). 

Threestandards ranging from 5-100 ppb are prepared and then extracted in the same way. 
4 /*I of each are injected into the gas chromatograph equipped with a linearized electron 
capture detector. After calibration, 4 /*I of each sample's extract are analyzed for T H M  
content. 

2. EQUIPMENT 

Perkin-Elmer Sigma 3 B Gas Chromatograph 

Perkin-Elmer Sigma 106 Data Station 



Perkin Elmer Autc Sampler (AS-100) 

Electron Capture Detector (E.C.D.) .. 

Column - 4 mm ID (6' x %" OD) 10% Squalane Chrom W-AW80I100 NOC 

0 Nitrogen 4.5 grade 

Compressed air Grade E 

40 ml screw cap vials with Teflon faced silicone septa, Pierce #I3075 and #13733 

Sample vials with septa and aluminum seals for auto sampler 

Extraction bottles and caps ScilSpec #B 69110 

Syringes 
-10,25 and 1001.~1 
- 5 and 10 cc with luer-lok tip 

Gas stoppered volumetric - 25 and 100 mi 

3. REAGENTS: 

Pentane, suitable for TTHM GC analysis 

Methanol, reagent gra-de 

Chlorin'e reducing agent: Sodium thiosulfate 

Standards 
Chloroform, reagent grade 
Bromodichloromelhane, reagent grade 
Chlorodibromomethane, reagent grade 
Bromoform, reagent grade 
Carbon tetrachloride, reagent grade 

Organic-free water' 

4. INSTRUMENT PREPARATION: 

Pneumatic Settings 
Carrier gas: 

Nitrogen - 80 psi , 
Auto sampler: 

Air - 40 psi 
Nitrogen - 5 psi 

Temperature Settings 
Oven - 67'C 
Injection port - 150°C 
Detector - 350°C 

Total analysis time - 13 minutes 

Flow rate through column - 70 cclmin plus 5 cc makeup. 

. .  

'Note: Organic-free water is defined as water free of interference when employed in the procedure described 0 herein. 
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5. ANALYTICAL PROCEDURE .- . 
TTHM and CC14 a re  measured in accordance with the method for  “Analysis of 
Trihalomethanes in Drinking Water by LiquidlLiquid Extraction,” Federal RegisterRrolurne 
44, No. 2311November 29, 1979, p. 68683. 

c. OTHER CHEMICAL PARAMETERS 

1. PHENOLS: Phenols are measured in accordance withStandardMethods fortheExam- 
ination of Water and  Vtastewater, 15th Edition, page 510 (4-arninoantipyrine method 
with preliminary distillation step). 

2. TOTALAVAllABLE RESIDUAL CHLORINE: Total available residual chlorineis measured 
in accordance with the method outlined in Standard Methods for the Examination of 
Waterand Wastewater, 15th Edition, page 286 (AmperometricTitration Method, Proce- 
dure 4c). 
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Part 8 

Ply Adhesion 
.. 

ASTM D413 Section &. Procedure,Paragraph9.1 StripSpecimens-Type A, 180degree peel-. . .The 
next sentence shall be deleted and substituted in  i ts  place: 

The cut strip shall be 1 inch wide measured to  the nearest 0.01 inch. 

ASTM D413 Section 12,Calculations, Paragraph 12.2 shall be modified to be: 

For the machine method tha value of adhesion is determined by taking the average of the five 
highest peaks shown on the autographic chart and is reported as the adhesion value as follows: 

' 

Nlm (Ibflin) = forcelactual width 

I f  other than a 1 inch strip is tested show both the force and the actual width in the report 

Part 9 

Accelerated Weathering Test 

A. GENERAL 

The test will be the Equatorial Mount with Mirrors for Acceleration plus water spray (EM- 
MAQUA). Minimum specimen size will be 5 inches wide x 4 inches long. (Maximum width is 5 
inches x 55 inches long within target area.) 

Minimum number of specimens will be one for each FMLtype that is recomrnendedfar outdoor 
exposure. 

The EMMAQUA Test machine is covered by U. S. patents. The testing service is provided by: 

Desert Sunshine Exposure Test Inc. 
Box 185 
Black Canyon Stage 
Phoenix, Arizona 85029 

E. Exposure Rating Table 

The following table rates the state of condition.for the FML after exposure due to crazing. 

Crazing is the phenomenon manifested by slight breaks or checks in.the surface. The break 
should be called a "crack" ifthe underlying surface isvisible. Far precision evaluation,crazing is  
described as microscopic crazing as observed with a stated magnification of 10 power. 
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EXPOSURE RATING ._ . TABLE 

Number of 
Checks' Rating 

No. 
9 
8 Microscopic 
7 (10 X magnification) 

6 
5 
4 (12 inches) 

3 
2 Naked eye a t  distance 
1 (3 feet) 
0 Complete failure 

Naked eye at close range 

S 
M 
L 

S 
M 
L 

S 

L 
M' 

Width 0: 
Checks2 

Maximum 
width 
.006 in. 

Maximum 
width 
.015 in. 

Not 
Acceptable, 

"3 = Small 
M = Medium 
L = Large 

2When bent around 'A inch diameter mandrel. 

Materials which have a rating of 7, 8 and 9 will be considered to have passed. 

Materials which have a rating O f 4 , 5  and 6 will be required to makethe proper corrections in the 
compound within three months after notification of the results and resubmitted for testing. 

If, after the second submission, the material fails to obtain a minimum ranking of 7, the material 
in  question will lose its NSF listing until such time the maferial meets the requirement. 

A transparent crack width gauge, similar t o  that shown in Figure 1 along with a 10 power 
microscope may be used t o  measure the crack width. 
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CRACK WIDTH GAGE 

. 0 6 7  .o 04 

.015 

FIG.l 
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Part 10 .. . 
Dead Load Seam Strength 

A. Scope 

To determine the ability of factory seam joints to withstand constant stress underload at room 
temperature (73°F). 

6. Test Specimen 

The supported specimen size shall be a 4-inch width of the seam joint and a 12-inch length, 
sufficient to fit in the clamps ofthe testing machine. The unsupported specimen size shall be a 1 
inch width of the seam joint and an 8 inch length. 

C. Procedure 

The clamping mechanism will grip a 1 inch wide section and should be centered in the width of 
the test specimen, above and below the seam joint. The clamps shall not grip any portion of the 
overlap area of the seam joint. 

1. Room Temperature Test: A designated load shall be applied to seam joint after it is fastened 
in the clamps. This load shall be equal to a percentage ofthe Bonded Seam Strength Value 
indicated in the Materials Properties Tables. The load shall be maintained for 4 hours a t  a 
temperature of 73°F. The stressed sample must be closely observed. Excessive elongation 
may require clamp adjustent to maintain consistent loading. When elongation reaches 50% 
of the original jaw separation, no additional adjustment need be made. Retain exiiting load 
for balance of test duration. 

' 

2. A "failure" will be noted when the-saam joint separates entirely 

D. Reporting of Results '0 
The results shall be reported by indicating the designated load, the temperature, the time 
duration of the test, the length of the overlap seam, and a "pass" or "fail" designation. 

PART 11 

Dead Load Seam Strength 
a t  Elevated Temperature 

A. Introduction 

Sun exposure and high air temperatures sometimes result in the portion of an exposed FML 
above the water (or contained fluid) surface to reach temperatures over 120'F. If seams are 
improperly made andlor the FML material formula will not allow good seams t o  be made, then 
the lining may separate under temperatures and forces sometimes encountered in actual 
setvice.The dead laad seem strength test a t  elevated temperature is designed toidentify seams 
which are likely to be subjected to failure under such conditions.. 

The temperature selected for the test should be consistent with the thermal physicallchemical 
properties of the FML and the anticipated service condition. The temperature and load given in 
this test method may need to be revised. The FML material manufactuershould be consulted if 
changes in  the test conditions appear appropriate. 

. 

8. Test Specimen 

Unsupported Materials: The specimen shall be 1 inch wide, and at least8.inches long. The seam 
shall be located in  the center of the spechen and across the full width of the specimen. 

Supported Materials: The specimen shall be4 inches wideand at least 12 inches long.The seam 
shall be in  the center of the specimen and.across the full width of the specimen. 
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C. Procedure 

The clamping mechanism will grip the full I-inch width of an unsupported specimen. The grip 
separation shall be 4 inches plus the seam width. 

A I-inch wide section of a supported specimen in the center of the width of the test specimen 
should be gripped. The grip separation shall be 6 inches plus the seam width. The clamps shall 
not grip any portion of the overlap area of the seam joint. 

T i e  load equal to 25 percent of the required bonded seam strength should be applied to the 
seam joint aFter it is fastened in the clamps. The load sha l l  be maintained for 4 hours at t h e  
temperature specified in the table for the particular material. 

The stressed sample must be closely observed. Excessive elongation may require clamp ad- 
justmentto maintain consistent loading. When elongation reaches 50 percent of theoriginal jaw 
separation, no additional adjustment need be made. Retain existing load for balance of test 
duration. 

A "failure" will be noted when t h e  seam joint separates entirely. 

' 

D. Reporting of Results 

The results shall be reported by indicating the designated load, the temperature, the time 
duration of the test, the length of the  overlap seam, and a "pass" or "fail" designation. 

For example: 25 percent Bonded Seam Strength 158"F, 4 hours, 4 inch seam length, Pass. 
. .  . 

Part 12 

Environmental Stress Crack. Resistance 

ASTM D1693 shall be modified to be: 

Condition C.to be used with 100°C using 100% Igepal. Samples shall be80 milsorfinished product if 
thicker. - 
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APPENDIX 5 ' 

RECOMMENDATIONS AND PRECAUTIONS 

Aquatic Environmemtaf Considerations 

In selecting flexible membrane liners for use in  fishing ponds, agriculture, fish hatcheries, certain 
recreational reservoirs, etc., attention should be given to aquatic environmental considerations. If 
there is an established history of successful use of a particular flexible membrane liner material for 
the intended purpose, the material can be expected to  be used without adverse aquatic 
environmental effects. Where such a history of successful application has not been established, 
special attention should be given to the needs forstudies designed for the specific application. An 
analysis ofthe aquatic situation and the flexible membrane liner being considered may dictate the 
need for specific studies. The needs will vary widely depending upon the specific application. 
Therefore, no specific studies are proposed in this standard. The user of the flexible membrane liner 
is advised to contact specialists in  thefield, if necessary,for guidance in establishing the need forand 
procedures for any special tests. 

I 
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CONSIDEWIilONS FOR SITE EUALUATION, MATERlAL SELECTION, 
CONSTRUCTION, OPERATION, AND lklAfMJENAiYCE 



APPENDIX G 

CONSIDERATIONS FOR SITE EVALUATION,' MATERIAL SELECTION, 
COMSTRUfXION, OPERATION, AND MAINTENANCE. 

PURPOSE: These considerations are intended to address the application of a membrane liner. The 
purpose of this appendix is to make users of flexible membrane liners aware O f  important paramet- 
ers that must be examined through site evaluation, material selection, construction, operation and : 
maintenance.. 

I. SITE CONSIDERATIONS AND PREPARATION: 

-- . 

a 

A. GENERAL: The supporting surface slopes and foundation to acceptthe'linershould bestable 
and structurally sound. Particular attention should be paid to the potential of sink hole 
development and differential settlement. The design should incorporate gas venting. pro- 
visions. Removal of organics contained in  the subgrade is  recomm.ended.. 

8. GROUNDWATER: Lateral andlor vertical movement of groundwaier should be considered. 
When a landfill or surface impoundment area is to  be lined with a flexible membrane, it 
should be constructed above the maximum high water table. Wthis cannot be achieved, 
pressure relief provisions should be included. 

C. SURFACE DRAINAGE: Runoff should be diverted from the area.surrounding thelined la,ndfill. 

D. COMPACTION: Flexible membrane linings should not be used as a structural component. 
Flexible liners should be installed over properlycompacted slopes andsupportingsurfaces to 
reduce stresses which may be induced in  the liner after placement 

E. SLOPES: Embankment design will effect the choice of liners. Specific attention should be 
given to the angle and length of slopes. (See Section II.C.1.) 

G. SOIL STABILIZERS: Soil stabilizers (e.g., cementatious or chemical binding agenis and 
geotexiiles), when used to  control erosion below the liner should not adversely affect the 
membrane. Cementatious or chemical binding agents may be potentially abrasiveagents. 

or surface impoundment. 

/I. MATERIAL SELECTION: 

A. COMPOSITION OF CONTAINED LIQUIDS AND/OR SOLIDS: 

1. GENERAL: Membrane material selection is dependentonthe nature ofthecontained liquid 
andfor solids. Characteristics of importance are chemical composition, temperature, and 
pH. A detailed analysis should be made for all potential constituents, especially organic 
compounds. 

2. CHEMICAL COMPOSITION: The chemical composition of a.liquid/solid to be contained 
should be known before liner selection is made. If the chemical composition of the liquid/ 
solid to be contained.is not known, it is recommended a sample of the~liquid/solid bemade 
available by the owner for the determination of liquidfsolid liner compatibility. Liner 
compatibility should beverified by liner manufacturers priorto liner material selection (see 
Section I1.B.). If phase separation ofthe solidlliquid occurs,the linercompatibilityshould be 
determined for each identified phase. The sele.ction .of the liner material should also 
consider the possibilities of concentration build-up; e.g., by evaporation.or separation, 
components that tend to accumulate, synergistic effects and- shock loadings. 

The.intended.user should provide the manufacturer with a samphof  the solids to be 
contained andiora chemical analysis of thewaste, along with siteand service conditions so 
that the manufacturer can provide to the intended user a letter characterizing the chemical 

. - . resistance of the candidate liner material to the waste provided or described. The letter 
should explain how the chemical resistance of the liner to the material wasdetermined; 
e.g., direct exposure tests, historical data andlor field applications.The purpose ofthe letier 
is to aid the user in determining the acceptability of the candidate liner for hisimended use. 
Site specific conditions must also be'considered in  the selection of the liner. 
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3. TEMPERATURE: The influent and operational temperature of the solidiliquid to be con- 
tained should be considered before liner materi'al selection. It is recommended.that the 
chemical resistance of a liner material to  a solidjliquid be performed at  the maximum 
temperatures. The possibility of shock temperature loadings should be evaluated. 

4. CONCENTRATION: Compatiblitytesting should be performed at  or near the concentration 
of the solidiliquid to be contained. However, if the possibility exists for concentration 
build-up and/or dilution andlor shock loadings, these situations should also be evaluated. 

5. pH CONDITIONS: The acidiatkaline nature of solidlliquid to be contained can have an 
adverse affect on the membrane liner.The acidlalkaline properties.of a solidiliquid should 
be characterized before liner material selection. 

B. BURIED LININGS: Certain lining materials whose properties might be adveisely affected 
during the projected use period due to  the effects of heat, ultraviolet radiation (U.V.) or other 
factors associated.with weathering should only be used as buried membrane liners. Generally 
speaking, maximum 'side slopes of 3:l are suitable for earth covering, but some covering 
materials like gravels will stay on somewhat steeper side slopes. Conversely, sandy soil 
backfilled materials may require a flatter slope. Earth covering should be of materials which 
will not cause puncturing of the lining; Le., silts, sands, rounded gravels and should have 
good erosion-resistance. If silts.and sands are used for covering materials, gravels or other 
erosion-resistant materials are frequently placed at  the waterline.to minimize erosion; 

All flexible membrane lining .materials benefit from'being covered. These benefits include 
weathering (i.e., U.V., heat, wind, etc. effects] as well as damage from animal life or severe or 
unusual climatic conditions.(such as hail, hurricanes, etc.). 

Care must be taken during covering operations to  prevent mechanical'damage to the liner. 
Critical aspects of a backfilling.operation include stability of the subgrade, surface prepara- 
tion, depth of backfill and suriace-loading caused by earthmoving equipment during earthen 
placement. Proper preparation of the subgrade and the use of clean fill forthecover material 
is required to prevent puncture, tearing or abrasion ofthe membrane. It is recommended that 
the site engineer provide for visual.inspection during earth covering (backfilling) operations. 

NOTE: Linings designed to be buried may be used in  an exposed condition fora limited time: 
The user should consult with the manufacturer. 

C. EXPOSED LININGS: Certain linings may be suitable for exposed applications, particularly 
where steeper banks and sediment-free systems are desired. It can also serve to facilitate 
inspection. In these cases, consideration should be given to design features including ground 
stability, membrane attachment, slope angles, venting and wind uplift. 

D. BIOLOGICAL STRESSES: Membrane liners, scrims and adhesives that 'are susceptable to 
biological attack, as determined by, but not limitedto, soil burial testing, should be formulated 
by the manufacturer to  resist this attack. Problems of an animal or botanical nature may be 
controlled by fencing, soil sterilization, or mechanical protection in those areas where the 
problem could exist. 

e 

E. SUPPORTED OR UNSUPPORTED MEMBRANE MATERIALS: 

1. UNSUPPORTED LININGS: Unsupported linings have high elongation and can conform to 
irregular surFaces and follow settlements. The tensilestrength, tearing, and other physical 
properties of some exposed liners may be altered by temperature extremes and aging. 

2. SUPPORTED LININGS: Fabric reinforcement,such as nylonorpolyesterscrims, areused in 
linings to improve tensile strength, tear resistance, burst strength and dimensional stabil- 
ity. Reinforcement decreases the elongation of linings so that they may not follow settle- 
ment. 

3. COMBINATION LINER SYSTEMS: A number of lining materials can be used in combina- 
tion. For example, a reinforced side slope lining may be used with an unreinforced bottom e 
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lining or, a side slope lining may be of a differentthickn.es:j than a bottom lining. Combina- 
tions of dissimilar materials may be used, but care should be taken to insure the integrity of 
seams and the compatibility of liner materials. ’ 

F. REPAIRABILITY: See Section VI.E.8. 

111. POTABLE WATER APPLICATIONS: Materials used in the manufacture of membrane linersfor 
potable water applications should conform to the following requirements: 

A. CHEMICALKASTE AND ODOR: Chemicalitaste and odor evaluations of membrane liner 
materials should be conducted in accordance with procedures set forth in  Appendix A. The 
extractant water therefrom should not exceed the maximum contaminant levels established 
in  the US. Environmental Protection Agency’s National Primary Drinking Waterstandards of 
1978 and Federal Register publication 40CFR Part 141. Limits of acceptance as required by this 
standard are shown in Table C-I. 

TABLE C-I. MAXIMUM PERMISSIBLE CONTAMINANT LEVELS 

Max. Per. Level” 
Contaminant mgIl(ppm) 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium (Hexavalent) 
Lead 
Mercury 

Phenolic Substances 
Silver 
Selenium 
TTHM 

PH 

0.05 
0.05 ..~. 
1.0 
0.01 
0.05 
0.05 
0.002 

0.05 
0.05 
0.01 
0.1 

Taste and Odor Evaluation 
Characteristic Permissible Level 

Odor 80 
Taste Satisfactory 

*In finished product 

6. MATERIAL REQUIREMENTS: Materials shall conform with the requirements. set forth in 
Sections 3 and 4 of the standard. 

IV. WASTEWATERISLUDGE APPLICATIONS: Surface impoundments andlor landfills receiving 
municipal wastewater liquids or sludges require special consideratian. This type of waste could 
contain industrial wastes. Since some of these wastewatersIsludges exhibit increased biological 
activity and promote chemical.attack, care should be taken in the final membrane selection. 

V. SOLID AND HAZARDOUS WASTE APPLICATIONS: 

A. GENERAL: Landfills and surface impoundments.receiving solid or hazardous wastes when 
lined andlor covered require consideration of the nature and stability of the materials 
contained andlor released with time. Moisture, when accumulated to permit leaching, will 
expose the liner to changing environmental conditions; the choice of membrane type and 
seaming.system may be affected by elevated temperature and other factors. This.eposu.re 
may be anticipated to occur throughout the life of the liner and will be brought about by 
inherent physical, chemical and microbiological processes as well as the.landfil1 manage- 
ment techniques employed. 
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B. OTHER CONSIDERATIONS: Although landfills may contain residential-type wastes, some 

sites may only receive contributions of commercial andlor industrial wastes which may be 
classified as hazardous. Selected waste systems may be classified as special (reference the 
December 18, 1978 Federal Register). The nature and characteristicsaf the waste materials 
and the anticipated release of constituents must be considered in  the selection of the liner 
and cover as well as the methods of operation and maintenance of the site. 

VI. CONSTRUCTION OF SITE: 

A. SURFACE CONDITION: 

1. PREPARATION OF EARTH SUBGRADE: The prepared subgrade should be of soiltypes no 
largerthan Unified Soil Classification System (USCS) sand (SP) to a minimum of 6 inches 
belowthesurfaceand freefrom looseearth, rock,iracturedstone,debris,cobbles, rubbish 
and roots. The surfaceofthe completed subgrade should be properlycompacted, smooth, 
uniform and free from sudden changes in grade. 

2. MAINTENANCE OF SUEGRADE: The earth subgrade shall be maintained in  a smooth, .’ 
uniform and compacted condition during installation of the lining. 

B. CLIMATIC CONDITIONS: 

1. TEMPERATURE: The desirable temperature range for membrane installation is 5°C to  
40°C. Lower or higher temperatures may have an adverse effect on transporiation, stor-. 
age, field handling and placement, seaming and backfilling where required. 

2. WIND: Wind may have an adverse effect on liner installation such as interfering with liner 
placement, alignment of seams, and cleanliness of seam area; mechanical damage may 
resu I t. 

3 PR.ECIPITATION: When field seaming is adversely affected bymoisture, portable protec- 
tive structures andlor other methods should be used.to maintain a d ry  sealing surface. 

C. EROSION CONTROL: Wind and waveaction may cause erosion where protective soil cover is 
used on the liner. Protective measures should be considered. 

D. STRUCTURES: Penetration of a flexible liner by any designed means should be.avoided. 
Where structures are necessary, such as: 

@pipes (both horizontal and vertical) 
overtical support columns 
@inlets, outlets 
w.imps 
*divider walls 

it is essential to obtain a secure, liquid-tight seal between the structure and the flexible liner. 
Liners should be attached t o  structures with a mechanical type seal supplemented by a 
chemically compatible caulking or adhesives to effect a liquid-tight seal:The highest .order of 
compaction should be provided in the area.adjacent to the structure to  compensate for any 
settlement. 

E. LINER PLACEMENT: 

1. SHOP DRAWINGS: Shop drawings with panel sizes, layout, and details should be pre- 
pared. 

2. PACKAGING, TRANSPORTATION, HANDLING AND STORAGE: Packaging, transporta- 
tion, handling and storage procedures should be planned to prevent material damage. 
Material should be stored in a secured area and protected from adverse weather. 

3. SITE INSPECTION: A site inspection should be carried out by the owners representative 
and the installer prior to liner installation to verify grades, measurements, structures and 
surface conditions. - 
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4. DEPLOYMENT:,Panels should be positioned to minimize handling. Seaming should fol- 
low as close as practical. Bridging or stressed conditions should be avoided with proper 
slack allowances for shrinkage. Panels should be secured following deployment to pre- 
vent movement. 

5. ANCHORINGTRENCHES: The liner should be secured in a backfilled trench. 

6. FIELD SEAMING: Field seaming should be performed when weather conditions are 
favorable. The contact surfaces of the materials should be clean of dirt, dust, moisture, or 
other foreign materials. The contact surfaces should be.aligned with sufficient overlap and. 
bonded in accordance with the suppliers recommended procedures. Wrinkles should be 
smoothed out and seams should be  inspected by nondestructive testing techniques to 
verify their integrity. Seam samples should be taken to verify seam.integrity or on-site 
seam samples can be made with identical liner materialj adhesive and technique which 
need not be taken from an actual field seam. 

7. VENTING: Where it is anticipated that gas will accumulate under the liner, a gas  relief 
system may be required. Various methods or combinations are used depending upon the 
severity such as: 

BLiner Weighted by Protective Cover 
BGas Relief System Under Liner: 

- perforated pipe 
-open granular filled trenches 
- open granular fill over. subgrade - geotextile drainage fabric over subgrade 
- sloped bottom 

These systems should.be constructed to permit gas escape from under the liner. Consid- 
eration should be given to use a soil coveras a complement to the gas relief system under 
the liner. 

8. INSPECTION AND REPAIR: As seaming occurs duringinstallation, the field seams should 
be inspected and any faulty area repaired. It is important that traffic on the lined area be 
minimized. Any necessary repairs to the liner should be patched using the sametype.of.  
lining material and-following .the recommended procedure of the supplier 

9. FINAL INSPECTION AND ACCEPTANCE: As completed, the liner installation should be  
tested for functional integrity. All joints, seams and mechanical seals should be  checked 
both during and after installation. A variety of testing methods can be used such as: 

- hydrostatic.test 
-vacuum 

' -ultrasonics 
- air jet 

Final acceptance should be between responsible parties a s  contracted on each individ,ual 
installation. 

F. OPERATION AND MAINTENANCE: The ownershould be  provided with guidelinesfor oper; 
ation and maintenance of the liner system, which should include recommendations. on 
subjects such as: 

- Frequency and documentation of inspection 
-Testing and repair of liner 
- Monitoring of waste characteristics - Monitoring of observation wells 
-Animal and plant control 
- Erosion control - Security,and safety 
- Unacceptable practices . .  
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APPENDIX D 

Recommended Test Method for Estimating Long-Term Petformance 
. of' 

fb7embrane Liners in  a Chemical Environment 

_. . 

A. INTRODUCTION 

These test methods are for the initial and long-term evaluation of flexible membrane liner 
materials intended to contain chemicals in a pit, pond, lagoon or landfill-type installation. The 
effects upon the physical properties of the liner materials will be determined. Data from-these 
tests will assist in deciding whether a liner material should be used in a given chemical 
environment. 

In selecting a liner material for a given chemical environment, it isadvantageous forthe user t o  
work with flexible membrane liner manufacturers. The user should provide the manufacturer/ 
fabricator with a sample of the material to be contained andlor its chemical analysis along with 
the specific site and service conditions. The manufacturer can then. provide the usar a letter 
characterizing the  chemical resistance of flexible membrane liner to  the materials to be con- 
tained. The letter should explain how the chemical resistance.of the liner material was deter- 
mined; e.g., direct exposure tests such a5 described in this appendix. Other useful data could 
include historical data andlor field applications. The purpose ofthe lettersfrom manufacturers is 
to  assist the user in  determining the acceptability of various.materials for the intended use. 

The test methad is based upon ASTM 0543 and ASTM 0471 which specifythe particular physical 
properties to be measured for plastics and rubber, respectively. 

The scope of this appendix is to cover general test methods which may be of,assistance in 
selecting a flexible membrane liner where other than fresh water is to be contained; Specific 
applications may require additional tesrs related to  the particular environment. Some tests'in 
this appendix may not beapplicable to certain other applications. Some installations may not 
require long term evaluation testing per Appendix D ifthe manufacturer can providesimilar test 
data andlor service experience for.similar applications. 

6. INITIAL EVALUATION 

Sp'ecimens are exposed in thetest environmentfor 1,3 and7 days at 23°C and50"C.At leastthree 
specimens shall be used for each material being tested, at each temperature and for each 
chemical environment to be involved. Data on weight, dimensions and visual changes are 
obtained as described in Procedure I (Section I). 

C. LONG-TERM EVALUATION 

Sets of three test specimens are immersed in the chemical environment for each flexible 
membrane liner material being tested, at each temperature, and for each set of physical proper- 
ties being tested. For example: 

Property No. of Specimens 

Tensile, Modulus &.Elongation 3 '  
Weight & Dimensions 3 
Ply Adhesion 3 
Tear Test .3 ' 
Factory Seams 3 
Visual anylall of above san?ples 

. 

The weight and dimensional changes shall be determined- after immersion in  the chemical 
. - environmentfor1.7,and 14days, and 1.2 and4rnonthsat23"Cand5O0C.Thechangesintensile 

(breaking strength), modulus, elongation and tearshall bedetermined afterimmersion for1 day, 
7 days, 1 month and4 months.This data will assist in  determining the properties after long-term- 
service. The specific nature of the FML being tested should be considered when interpreting the 
data. 
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D. SIGNIFICANCE 

1. The limitations of the results obtained from this'iest should be recognized. 

2. Correlation of test results with the actual performa.nce or serviceability of FML materials is  
necessarily dependent upon the similarity between the testing and end-use conditions. For 
applications involving continuous immersion, the data obtained in short time tests are of 
interest only in  eliminating the most unsuitable materials or indicating a probable relative 
order of resistance to chamica! reagents. 

3. The selection of test condi'tions should take into account the manner and duration of contact 
with the chemical environment, the temperature of the system, and other performance 
factors involved in the particular application. If the highest expected temperature in service 
exceeds the 50°C recommended in this appendix, then use the higher temperature. 

4. Note should be taken of the fact that different ratios or even trace amounts of different 
materials in the immersion liquid may affect the FML in an entirely different manner if 
concentrated or localized even for short periods of time in repeat tests or in actual applica- 
tion.Trace amounts of deleterious chemicals can be cumulative; this mayrequire a repeated 
supply of chemical liquid to show the true immersion effect. 

E. APPARATUS 

1. Balance - a  chemical balance.accurate t o  1 mg. 

2. Micrometers - Micrometers capable of measuring dimensions oftestspecimensto0.025 mm 
(0.001 in). 

3. Room or enclosed space capable of being maintained at the standard laboratory atmos- 
phere, at temperature 23 2 2°C and reIative.humidity of 50 i 5% {ASTM D618). 

4. Containers - Suitable containers for immersing specimens in chemical reagents. They must 
be resistant to thecorrosive effects of the reagents being used. Safety precautions must be 
taken when using highly volatile reagents at  elevated temperatures. 

5. Oven or Constant-temperature Bath - Capable of maintaining temperature within t 2°C of 
the specified test temperatures. 

6. Testing Devices-Testing devicesfor determining specified strength properties of specimens 
before and after immersion, conforming to the requirements prescribed in  the ASTM 
methods.of test for the specific properties being determined. 

' 

F. TEST ENVIRONMENTS 

The FML liner material should be immersed in  the actual.chemical process solutions to  be 
provided by the plant involved. If this is not possible, a synthesized solution may be used and 
must include all chemicals, especially solvents, even though they are present in small quantities. 
See Section D.4 concerning special studies with aggressive trace materials. 

Gaution: In all cases, it is necessary to  determine whether the solution is homogenous or 
consists of more than one phase. When a multiphase solution exists, test samples must be 
placed in each of the phases. Each phase should be in a separate container. Past experience 
indicates that a solvent has limited solubility in an  aqueous system and may form a separate 
layer either on top or bottom of the liquid. It is likely that the solvent phase may adversely affect 
the liner material while the aqueous phase may not. If highly volatile chemicals are part of the 
solution being tested, the solution should be changed at equal time intervals (weekly or monthly) 
so as to compensate for any escaping components of the chemical environment: 

G. TEST SPECIMENS 

The type and dimensions oftest specimensto be used for original and immersion testing shall 
beth.osedescribed in Section J.3.foreach typeofFM:L.SpecimensurFacearea greatlyaffectsthe .. 

D2 



weight change due to  immersion in chemical reagents. Thickness influences percentage dimen- 
sion change as well as percentage change in  mechanical properties. Consequently, comparison 
of materials should be made only on the basis of results obtained from specimens of identical 
dimensions and like methods of specimen preparation. The number of specimens used shall be 
asstated insections B andC.The specimensshall beasfollows: specimensfrom sheet material 
shall be cutfrom a representative sample of material in a manner depending upon thetests to be 
performed and the thickness of the sheet as follows: 

1. Weightanddimensionchanges-Standardspecimensshall beintheformoibars76.2 mm (3 
in) in length by 25.4 m m  (1 in) in  width by the thickness of the material. 2 inch by 1 inch 
specimens or 2-inch diameter discs can be alternates.) 

2. Mechanical properiy changes - Standard machined, sheared, or cut tensilespecimens shall 
be used according to  the methods of test prescribed. 

H. CONDITIONING 

1. Condition the test specimens at  23 i 2°C (73.4 i 35°F) and 50 2 5 percent relative humdiity 
for not less than 40 hours prior to test. 

2. Testconditions -Conducttests atthe standard temperatures of 23 f 2'C (73.4 -f 3.6") and 50. 
. f 2°C (122 I 3.6"F). In cases where the FML material will have a chemical environment at  
elevated temperatures,. the immersion testing shall be run a t  the elevated temperature if 
higher than the above. ' 

I. PROCEDURE I - WEIGHT AND DIMENSION CHANGES 

1. Weigh each conditioned specimen separately and measureits thickness at  the center and its 
length and width to  the nearest 0.25 m m  (0.001 in). In the case of laminates, edge swel1ing.i~ 
not uncommon under certain conditions. Consequently, it may be necesssry to measure 
thickness both at the center and atthe edges and reportthe percentage changeseparatelyfor 
each position. 

2. Place specimens in appropriate containers for the chemicals being used and allow the 
specimens to  be totally immersed in fresh chemical for the appropriate tirne,in the standard 
laboratoryatmosphere. Suspendthe specimensto avoid anycontactwiththewalls orbottom ' 

of the container. For specimens of thin sheeting or those having a lower density than the 
chemical, it may be necessary to  attach .small weights such as nichrome wire to prevent 
floating or curling. Several specimens of a given material may be immersed in the same 
container provided sufficient reagent is allowed for the total surface area exposed and the 
specimens do not touch each other. The quantity of chemical solution shall beapproximately 
40 milin* of total specimen surface area. 

Fortest atotherthan roomtemperatures,itisrecommendedthatthetesttemperature be5O"C 
or at  the highest expected service temperature, whichever is  the highest. It is importantthat 
the test solution be  a t  the elevated test temperature before the specimens are immersed. In 
the event that the liner is expected to  impound certain substances in  trace quantities which. 
can be aggressive to FML materials, special investigationsshould be instituted bythe testing 
agency. 

3. Stir the test solutions every24 hours by moderate'manual rotation of the containers or other 
suitable means. In making tests for longer periods of time than 7'days;the containers should 
be stirred once each day during the firstweek, and once each weekthereafter. Wherethe field 
service condition will involve aeration or other continuous agitation, the containers should be. 
stirred daily. 

4. After the test period, individually remove each specimen from.the chemical solution. blot 
.excess material, dip into acetone..or..other suitable solvent, wipe a_nd dry. with lint-free. 
material, immediately weigh in a weighing bottle, remeasure its dimensions and place back 
into chemical environment until next time period. When dealing with an oily material, it may 
be necessary to follow thefollowing procedure: wipe and drywith 1int~free.material; dip into 
detergent solution; wipe and dry with lint-free material; dip into water-and then acetone or 

' 
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other suitable solvent; wipe and dry with lint-free material; dip into waterand thenacetone; 
wipe and dry with lint-ftee material; and weigh and:measure.immediately. Some specimens 
may become tacky due to dissolved material on the Suriace or solvent absorbed throughout 
thespecimen.Takecarein wipingsuch specimensnottodisturborcontaminatethesurface. 

5. Observe the appearance of each specimen after exposure to chemical reagent. Observe and 
report appearance on the basis of examination for evidence of blistering, loss of gloss, 
developed texture, decomposition, discoloration, swelling, tackiness, crazing, bubbling, 
cracking, softening, solubility, etc. For some materials, absorption of the.reagent over the 
immersion period is nearly.balanced by,the removal of soluble constituents. This type of 
behavior may be revealed by comparing the initial conditioned weight of the specimen with 
its weightwhen driedffor? days at23"C and 50 percent relative humidity, after removal from 
the chemical reagent. (A final weight lower than the initial weight may indicate removal of 
soluble constituents. However, onlyforparticularcombinations of reagent andtestspecimen 
can this weight difference be considered as due strictly to the removal of soluble con- 
stituents.) lfthis drying outprocedure is used, it should betried afterall test-timepetiodshave 
elapsed. 

J. PROCEDURE II - MECHANICAL PROPERW CHANGES 

1. Immerse and handle the mechanical test specimens in  accordance with. the instructions 
given under Pracedure I (Sections 2.3 and 4). 

2. Determinethe mechanical properties of identical nonimmersed and immersed specimens in  
accordance with the .standard methods .for the physical property test described. Make 
mechanical property tests as nonimmersed and immersed specimens prepared from the 
same sample or lot of material in  the samemanner and run under identical conditions.Test 
immersed specimens immediately after they are removed from the test solution. Where 
specimens are exposed to testsolutions at  elevated temperatures, they shall be placed in 
anothercontainer of the'reagent a t  the standard laboratory temperature fur approximately 
one hour to  effect cooling prior to testing. 

3. Test samples for materials with fiber scrim support -The effect of chemicals on the liner 
material without support material must be determined because it is the main chemical 
barrier while the function of the scrim is to  provide added mechanical properties. Most of the 
time, the liner material without support will have to be a laboratory-milled sample.of the 
same formulation, milled to a thickness of 20 or 30 mils, The processing conditions of 
laboratory-prepared samples should be as close as possible to actual factory conditions. 

All samples containing a fiber scrim support must be flood-coated along al[ exposed edges. 
with a solution recommended by the FML.manufacturer.This solutionwill typically.contain 5. - 15% solids dissolved in a solvent (or mixture of solventsl.Thesolidscantentis usualy the. 
FML formula or simply the base polymer used. 

The physical properties after immersion are determined using the original unimmersed 
thickness or cross-sectional area, as described in ASTM D472. 

4. Test samples for material with no scrim -These test samples.are designed to measure the 
mechanical and physical properties of the liner material. Tests shall be conducted as 
prescribed and the properties after immersion are determined using ,the original unim- 
mersed thickness or cross-sectional area, as described in ASTM D471. 

5. Condition of samples before physical testing -After the samples have been removed from 
the test solution, they should.be kept saturated with the test solution until just before testing. 
If the test solution contains organic solvents, the coupons.should be wrapped in aluminum 
foil during this interval to prevent loss of solvent. In many cases, a material that has been 
degraded by solvent will regain almost all its original properties after the solvent has 
evaporated away. The time between removal from solution and testing should. be kept as 
short as practical. 
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6. Test data required: .. . 

Crosslinked elastomers unsupported - ASTM D412 (Phfhod A) 

OBreaking strength, poundsiinch width 
 elongation at  break, perceni 
OModulus at  FOO percent elongation 

Thermoplastics, unsupported 

Materials without a yield point - ASTM 0882 

OBreaking strength, poundslinch width 

eElongation a t  break, percent 

eModulus at 100 percent elongation, poundsiinch width 

Materials with a yield point - ASTM 0638 

*Breaking strength at yield and break, poundsiinch width 

 elongation a t  yield and break, percent 

aModulus of elasticity, poundsiinch width. 

eTear, unsupported FML - ASTM D1004 

e 
Supported flexible membrane liners 

Supported finished FML material - ASTM 0751 

*Breaking strength, Grab Method, pounds or Strip Method, poundslinch width 

Plyadhesion, allsupportedFML -ASTM 0473, Machineme:hod,stri# specimen, TypeA, 180" 
peel, poundslinch width 

Visual inspection, unsupported and supported FML - Procedure.1 (Sections 1 thourgh 5) 

K. Procedure Ill - Effect of Strain on Mechanical Properties 

1. Standard specimens shall be intheform of bars752 mm (3 inches) in  lengthand'25.4mm(l 
inch) in  width by thickness of the material. 

2. Form a bent loop from the standard specimen byfoldingthe~specimen togetherand holding 
the ends together with a suitable fastener or adhesive which is resistant to the test solution. 
Approximately 2 inches of the specimen shall be in contact with itself. 

3. The~specimens should be.conditioned and.immersed as in P'rocedure.1 (Section I). 

4. After immersion periods O f  7 days for initial evaluation and 4 months for long-term evalua.-. 
tion, the specimen shall be inspected for visible deterioration as described in Procedure 1.. 

5. This test is qualitative in character and to  be used to  identifymaterials which.are highly 
susceptible to deterioration in the chemical solution when strained. 

L. Procedure IV -Factory Seams 

All seaming methods and techniques should be evaluatedin the chemical environment in which 
they are to be employed. Samples are to be prepared and tested usingmethods as prescribed in 
ASTM D3083 (as modified inAppendixA)forunsupported FMLand ASTM D751 (AppendixA)for 
supported FML. These methods provide forthe testing of seams in  theshear direction. It should 
be noted that testing in the we1 direction (as in  ASTM 0413) ca.n be a moresensitivetest for 

. 
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’ determining chemical resistance of seams. Samples should be immersed for 7 days for the 
short-term initial evaluation and 4 months for the long-term test. Samples containing a fabric 
scrim support must be flood-coated as described earlier (Section J.3.) 

0 M, Report 
The report shall include the following: 

1. Procedure I 

a. Complete identification of the material tested including type source, manufacturer’s 

b. Temperature of tests. 

c. Test solutions . 

code, form and previous history. 

d. Duration of immersion 

e. Initial length, width and thickness of each specimen, in inches, measured to the nearest 
0.025 m m  (0.001 in) 

f. Initial weight of each specimen in  grams to  f- 0.005 g 

g. Length, width and thickness after immersion 

h. Weight after immersion 

i. Average percentage.increase or decrease idength and width, and inthe thickness;taking 

j. Averge percentage gain or loss in  weightcalculated to the nearestO.O1 percent, taking the 

the dimensions.of the conditioned specimen as 100 percent. 

conditioned weight as 100 percent. 

k. General appearance.of specimens after immersion. 
0 

2. Procedure I I  

Items 1 through 4 as for Procedure I and the following: 

a. Specimen type and dimensions 

b. Method of test 

c. Mechanical properties of identical nonimmersed and immersed specimens 

d. Average pecentage increase or decrease in mechanical properties, taking the properties 
of the conditioned nonimmersed specimens as 100 percent. 

3. Procedure 111 

General appearance of specimens after exposure 

4. Procedure IV 

a. Original bonded seam strength 

b. Bonded seam strength after immersion 

c. Average change in  bonded seam strength using original bonded seam strength as 100 
percent 
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APPENDIX E 

IDENTlFlGATlON SYSTEM 

The code in Section 5 of thestandard consists of three parts: the FML material; installation condition; 
and general intended service. Thus the code could be considered three-pari sequence xlylz. 

Example 1: PVC, 30 mil suitable for potable water use 

x: Material - PVC 
Unsupported = U 
Thickness -.Nominal Gauge30 mils = 30 

or x = PVC-U-30 

y: PVC is to be buried = 
BU 

Material evaluated suitable for potable water = PW 

tdentification is PVC-U-30lBulPW 

z :  

Example 2: Supported CPE, Type 2, not evaluated for potable water use 

x: Material - CPE 
Supported = S 
Type - 2 
Thickness -Nominal Gauge 36 mils = 36 

or x = CPE-S-2-36 

CPE is evaluated suitable for exposed service = Ex 

Material evaluated not suitable for potable water = In 

Identification is CPE-S-2-36IExlln 

y: 

z: 

. -  
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APTENDIX F 

RECOMiVlENDED PROTOCOL 
FOR 

DEVELOPtNG TESTING AND FIELD EXPERIENCE DATA 
FOR 

MEW &?ATERIALS 

This protocol is to provide guidance for developing the testing and field experience data for 
submittal for the purpose of adding new materials or additional types or gauges to, the standard. 
Additions to  the standard will require balloting on the proposed changes by the NSF Joint Commit- 
tee for Flexible Membrane Liners, Council of Public Health Consultants, and final adoption by the 
NSF Board of Trustees. It may be necessary to have a review of the data by the Industry Advisory 
Committee or a technical reviewcommittee, as appointed by NSF, prior to balloting at the Joint 
CommiRee level. 

The following basic information is to  be provided: 

< 

Y 

1. A recommended materials properties table shall be submitted which will includedetailsof the 
test method and values along with the test data to  substantiate the recommended table. (It is 
recommended that data on other potential tests also be provided to substantiatethat they are 
not appropriate for the particular material.) The recommended material properties should 
characterize the material and a satisfactory liner as manufactured from the material. 

2. For an exposed liner, data shall be  submitted.as evidence of compliance with Item 3.0.3 
(EMMAOUA, 1,000,000 Langleys rating of 7 or better). 

3. Evidence of production on full-scale equipment shall be provided. 

4. Evidence of a monitored field installation that has experienced seasonal variations (minimum 
one year) shall be provided. The installation shall include both factory and field seams. 

5. The data of testing conducted on the liner exposedfor at least one year shall be provided.'The 
testing should be of the material properties of the recommended table and should include 
testing of the seams. (EMMAOUA testing and 120-day soil burial are excluded;) 

General guideline for the reviewing process: The specified minimum.test values.to be stated in the 
proposed.materia1 properties table should be based on actual test  results of unexposed FML. These 
minimums should be within 25% of the actual test values. Exception to this requirement may exist 
depending on the precision, accuracy or natureofthe test. In addition,the data fortheexposed FML. 
should correlate with the data for the unexposed FML. 

In addition to the basicsubmitta1,as detailed, it is recommended thatadditional data and information 
for weathering (otherthan EMMAOUA) and chemical resistance be provided to supporta requestfor 
an addition to the standard. 

! 
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MANUALS IN NEW Y O N  STATE'S BULK STORAGE PROGRAM 

The Technology Assessment Manual compiles much of the latest information on the 
equipment available for storing and handling hazardous liquids. Included are data on 
tanks, hoses, overfii prevention devices, piping, valves, and pumps. Important infor- 
mation is also provided on the field practices and equipment available for leak detection 
and spill cleanup. 

The Marmal on Criteria and Guidance for Storing Hazardous Substances provides 
information on the proper installation and storage methods for bulk storage facilities. The 
manual brings together recommended practices for preventing spills and leaks. 

The Mode1 Local Onlinance for Storage of Hazardous Substances provides suggested 
wording and format for local ordinances to regulate the storage of hazardous materials. 
Alternatives to tit specific needs are presented. 

Thjs Siting Manual presents information and procedures to assist local officials 
prevent leaks and spills of hazardous substances insensitive environments. Discussed are: 
types of hazards, causes of leaks and spills, site evaluation procedures, and practices for 
spill prevention and mitigation. 

The manuals are available from: 

Bureau of Water Resources 
N Y S  Department of Environmental Conservation 
50 Wolf Road 
Albany, NY 12233 
telephone 5 18 457-4351 

Preparation of this Manual 
was financed by.a grant from the 

U. S. Environmental Protection Agency 
under Section 208 

of the 
Federal Water Pollution Control Act. 
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PREFACE 

The Department of Environmental Conservation knows .the frustration that can develop in a community faced with 
possible exposure to hazardous substances. The.relationships among environmental resources, human health, and hazard. 
ous chemicals are complicated and not fully understood even by professionals. Citizens and local officials are often 
ill-equipped technically to weigh the risks and safeguards when a bulk storage facility, Say a petroleum tank farm, i! 
proposed for development. Should a spill or leak occur, they are, again, often illequipped to know what remedial acttor 
to'take or who to contact. This Manual provides municipal ofiicials,people in industry, and private citizens with essentia 
information. 

The Manual is a guide and a reference document which can assist in making prudent decisions for the siting of bull 
storage facilities for. hazardous substances.. As a resource document, it helps identify key factors which must be cqn 
sidered, and it identifies information that must be obtained to ensure proper siting. 

In using this Manual as a siting guide, it is the duty of the responsible local official and of the. developer to obtab 
professional assistance from engineers, geologists, planners, and others and to find pertinent data specific 'to. the parcel 0: 
land under consideration. A sound decision for the site of a bulk storage facility can then be made. 

The mention of trade names or commercial products in this Manual does notconstitute endorsement or recommen 
dation for use by t h e  N Y S  Department of Environmental Conservation. 
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hfoei of the goods and commodities that are an integral 
p s t  of today’s lifestyle depend on the use of an ever-ex- 
panding number of chemical substances. Pick an item 
around you at random-your refrigerator: It circulates 
freon gas; cutting oils were used in the fabrication of the 
metal parts; the shiny chrome comes from metal being 
dipped into a bath of chromic acid; large quantities 
of solvents and pigments were used to produce the fmish. 
Tonight’s dinner involves the use of pesticides, fertilizer, 
and fuel for transport, not to mention all the machinery 
involved in harvesting, processing, .packa@ng, and distri- 
bution. 

Producers and manufacturers must store-and use large 
quantities of hazardous substances to supply the goods we 
demmd. Sometimes-through mismanagement; neglect, or 
unforeseen accidents-leaks or spills of these substances 
introduce them into the air, land, and water we all share. 
The news media almost daily focuses public attention on 
spills. The damage can be immediate and obvious, or it 
can go unnoticed for a long time. 

Although it is important to reduce all spills of hazard- 
ous mbstances, it is essential to reduce spills to ground 
water. Once most substances reach ground water, they 
arz almost impossible to recover. Contaminants may 
r a m i n  emulsified or adsorbed on soil particles for an 
indefinite time even after cleanup efforts. Because ground 
water contamination is irreversible, prevention is para- 
mount. Prevention is the ultimate solution in protect- 
ing the environment. 

Several laws and regulations have beerenacted by 
Federal and State governments to prevent chemical 
substances from escaping into the environment. Many of 
t h e s  deal with substances in the workplace and in trans- 
port; others address the treatment and disposal of ex- 
peckd waste products and the removal of environmental 
contamination after it has occurred. 

These Federal and State programs provide a degree of 
chemical pollution control. Alone, they carrnat entirely 
safeguard a community’s drinking water supply or protect 
ground and surface water resources. However, local 
governments can exercise an additional measura ofcontrol 
themselves to protect their precious water and related 
land resources through their powers of local land use 
planning, zoning, site plan review, building inspection, 
and protection of public health. 

1 

Typical Local Officials 
Concerned with 
Storage Facility Siting 

zoning board members 

planning board members 

conservation advisosy council 
members 

water authority members 

building and fire department 
officials 

parks and recreation 
- officials 

legislative representatives 

councilmen and supervisors 

city or village mayorlmanager 

law enforcement officials 

county executivelmanageer 

health officials 

environmental management 
council members 



TIIE SlTIMG MANUAL AT A GLANCE 

This Manual wiU assist localities with land use 
planning for siting storage facilities for hazardous 
substances. It is one of a series of New York State De- 
partment of Environmental Conserration guides on the 
subject. See box. 

Included in this Manual are the following: 
Q listings of hazardous substances and their chemical 

characteristics, 
Q information, both engineeling and environmental, 

that should be considered in the siting of storage 
facilities, 

aprecautionary designs and measures for reducing 
risks of leaks and spills, 

o distance criteria that may be used for separating 
storage sites from ground water supplies and other 
environmentally sensitive areas and land US%, 

a listing of Federal, State, and local agencies where 
data and assistance may be obtained, and 

oprocedures and analytical tools for evaluating a 
proposed site. 

SITING ROLES AND RESPONSIBILITIES 

Local governments have the primary responsibility 
for land use pIanning and siting of facilities for storage of 
hazardous substances. Not all local governments exercise 
their land use regulatory power to the same degree, but 
most have master plans and zoning ordinances wbich 
contain proscriptive standards that regulate the pattern, 
type and density of development and performance 
standards which establish a code of conduct that land 
developers must follow. Table 1 and Figure 1 summarize 
the responsibilities of municipal officials with regard tc 
land use planning. 

Table 1 

Si@ Respons&ilitie~ of 
Local Government Officials 

Regulator). Tool 
(Sitinq Contml Point) Buildinq inspector 

ZoningfRezaning 

Building Permit Isrves/Deniei Permit 
Performs ,inspection 
for coniornance With 
construction codes 

Variances 

Special Use Permits - 

- 

subdivision Approval 

Planned Unit 
Development 

PUD Site Plan Review 

Zoning Board of 
4ppealr (ZBA) Planning Board 

I Maker recon- 
mendations to 
Legislative 
Board 

Review appeals OR - 
permits and denials 

Gra?ts or denies 
variances 

Either the ZBA or Planning Board m y  be 
designated respmsibility i o ?  iswing 
special use pernits o r  approve site plans 
f a r  pmjects in a zoning district. 

Approves or 
disapproves 
subdivision 
plats 

Eiilkes recorn- 
mendations to 
Legislative 
Board 

Approveifdis-- 
apprnvez pun 
site plan 

Legislative Board 

Enacts Zoning and Rezoning 
Ordmnces 

Identifits Review Agencies. 
Scope o f  RUthDri ty and 
Review Procedures 

Hires Building InSpKtPr 

Appoints Members to ZBA 

usually delegates responsi- 
bility far zoning special 
use permits ta 1aA o r  Plan- 
ning Board 

Appoints m e m b w s  to ZBA and 
Planning Board 

Delegates rerpanribility to 
Planning Baard 

Appints Planning Board 
Members 
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Figure 1 

Local Roles and 
Responsibilities in the Siting Decision Process 

AFPtlCAKT 

I 
B U W W  

hspectw 

Local Legislative Body 

At the heart of local government, whether it be 
county, city, village, or town government, is the governing 
body who sets policy, establishes laws, develops programs 
and defines the administrative agencies and procedures.of 
that municipality. County. governing bodies have powers 
to initiate legislation and broad environmental health 
controls; city, village, and town legislative boards and 
councils provide for planning, zoning and building regu- 
lations, and exercise general police powers for public 
health, safety and welfare by way of ordinances or local 
laws. The local governing body is responsible not only for 
establishing the administrative framework for planning, 
zoning and building control but for the passage of ef- 
fective ordinances through which these .administrative 
agencies function. 

At the local level, it is the governing body.which is 
responsible for protecting ground and surface water 
supplies and the public welfare. This body must decide on 

whether or not there is a need for controls over siting and 
storing hazardous materials. 

Planning Board 

Acting generally in an advisory role to the com- 
munity's governing body, planning boards, commissions, 
or agencies recommend acomprehensive plan for develop 
ment appropriate for the community. Provisions are made 
in land use.plans to accommodate residential, commercial, 
and industrial areas; transportation corridor;; health 
senrices; educational -needs; and other community facili- 
ties. These plans may also separate hazardous sub'stance 
storage facilities from sensitive environmental areas, 
Frequently, the planning board is given responsiblity to 
approve project propo& and site plans. 

Comprehensive plans developed by the planning 
agency are not meant t o  provide a specific layout of 
prescn%ed land uses. Rather, these plans give expression 
to the overall direction for development that the com- 
munity wants to foUow.Thccomprehensivsive plan does not 
constitute a strict limitatioti on. development. The recom- 
mendations of the planning board are given substance 
only through -the adoption of zoning regulations or 
ordinances and official land use mapping. The  sitiig of 
hazardous substance storage facilities should conform. 
with a community's comprehensive plan whenever possi. 
ble. 

' 

- 
Building Inspector 

In New York State, a developer generally obtains a 
building permit or site approval through applicationto the 
town, village, or city municipal offices. Typically, the 
building inspector or other responsible official issues the 
permit. The building inspector is also responsible for 
determining whether performance standards of the 
building permit, zoning regdations and codes for building, 
fire, sanitary waste disposal, etc. are beingmet. Where a 
proposed hazardous material storage facility would not be 
in conformance with an existing.zoning regulation, it is 
necessary for a developer to request a variance from the 
zoning restrictions. 

Zoning Board of Appeals 

The local zoning board or agency reviews requests for 
zoning variances. Variances are not an automatic right but 
rather a privilege that may be granted to an applicant 
depending on individual circumstances. The zoningboard 
may require a site plan and other information deemed 
necessary to provide adequate data to  decide properly on 
the variance request. 

In grantimg permits or approvals, it is the responsi- 
bility of the zoning board to ensure that the public health, 
safety, and welfare of the communfty have been pro- 
tected. Built into some zoning regulations are criteria for 
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the protection of ground water, wetlands, flood plains and 
residential areas and for the storage of hazardous 
substances. 

To ensure that all the concerns of hazardous 
substance storage are addressed within a given locality, it 
is impoltant that specific prescriptive and performance 
standards be included within the local ordinance. Silch 
standards reflect the manner in which a community 
chooses to protect its environment. 

9 Other Agencies 

The officials involved in land use control are 
frequently assisted by specialized agencies or consultants. 
For instance, the fire marshal, county health department, 
county planning board, water authority, and environ- 
mental management council may be called upon to  
provide information.upon which decisions can be based. 

LEGAL AUTHORITY, AD1\flNISTRATION, AND EN- 
FORCEMENT 

Establish the Authority 

Before local officials can review and make decisions 
over the location and type of faciiities to be used for 
storing hazardous substances, they first must enact 
appropnate zoning ordinances and standards. However, 
adoptmg a z o m g  ordinance in and of itself may not 
entirely provide a locality with the necessary control, 
review tools, and safeguards. Under many existing ordi- 
nances, construction of gasoline service stations or facili- 
ties for storage of other hazardous substances can be 
initiated simply by requesting a building permit. I t  is 
therefore important that the local zoning ordinance 
include proper legal provisions: 1) site plan review on all 
proposed storage facilities, 2) the use of precautionafy 
storage practices and 3) perhaps setaafk and separation 
distances between facilities and semitive environmental 
areas, especially water supplies. 

As a supplement to zoning, watershed rules and 
regulations can be enacted. These can be an effective tool 
for protecting ground and surface water supplies from 
contamination, especially when the watenhed or ground 
water recharge area to be protected is relatively small in 
area. Approximately 245 communities in New York State 
have adopted watershed regulations (Chapter I11 of Title 
10 of the New York Official Compilation of Codes, Rules 
and Regulations). Such regulations may prohibit disposal 
of waste or prohibit storage of toxics within specified 
distances of a watercourse or sensitive recharge area. 
Enforcement is usually through voluntary compliance 
after a municipality notifies the violator of requirements. 
If this fails, penalties can be imposed by the local health 
agency or if necessary by  the State Health Department. 

Zoning and land use controls, as discussed above, 

* ,  : . : 

0 

address the siting of new facilities, but what about the 
risks posed by hazardous substances a t  existing facilities? 
Table 2 identifies a number of options or alternative 
actions which can be taken to control spills and leaks at  
both existing and new facilities. These alternatives (in- 
cluding model laws for local zoning) are discussed in 
a companion manual entitled Model Local Ordinance for 
Storage of Hazardous Substances, prepared by the De- 
partment of Environmental Conservation. 

implementation 

Once the authority for controlling land use has been 
established, a commitment to effective implementation is 
necessary for success. Conscientious planning, zoning, and 
building department officials must be appointed. Regular 
board meetings and staff activities should be encouraged. 
Education and training is necessary, and procedures fo r .  
fair and smooth administration of the ordinances must be 
established. 

Implemeritation can mean more than just adminis- 
tration of your local program. The negative local conse- 
quences that can result from improperly stored hazardous 
substances is sufficient to warrant a closz interface and 
liasion with programs being implemented at higher units 
o f  government. LocaI officials and others should insist on 
strict compliance with Federal and State regulations. 

Enforcement of Local Laws - 
It has often been argued that enforcement of existing 

laws is the answer to controlling the storage of hazardous 
substances rather than enacting new laws and regulations. 
This is frequently h e .  A municipality which has effective 
land use controls and site plan review requirements for 
new storage facilities (as discussed above) and has adopted 
the State building and fue code may very well have the 
necessary tools to successfully protect air, land, and water 
resources. Enforcement is the key to this success; Con- 
sistent application of zoning ordinances and any water- 
shed rules which may exist, and inspection of facilities for 
compliance with codes or special requirements should be 
applied as a condition of project approval. Periodic 
reporting of operations by the owner of a facility may 
also assist in monitol-ing the success of a leak and spill 
prevention program. 

IMPORTANCE OF PROPER SITING 

Many communities ignore proper management of 
hazardous substances until a spill has occurred. In some 
cases, relatively large volumes of hazardous substances 
have caused widespread or immediate damage; these have 
been the most publicized. However, there are many 
incidents where small amounts of materials have leaked o r  
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Table 2 

Preventing Spills and Leaks of Hazardous. Materials 
-Actions at the Local Level 

Elethod 

E s t a b l i s h  Author i ty  

Planning and Zoning . Adopt /hend  Zoning Ordinances . Requi re  P lan  Review and Pemjts . Adopt Standards/Cr.iteria f o r  s t o r i n g  
Hazardous Substances . E s t a b l i s h  Procedures . Adopt Watershed Rules t o  
P r o t e c t  Drinking Water 
Supp l i e s  

Adopt F i r e  Prevent ion  Code 

Rdopt County Regula t ions  on S to rage  
and Handling Hazardous .Substance 

Imp1 ementa t i o n  

Prepare  Land Use Plan 

ReviewIApprove Plans  and Proposals 

Seek Input  and E x p e r t i s e  ( U n i v e r s i t i e s ,  
S t a W C o u n t y  Agencies) 

L e g i s l a t i v e  - Bod- 

Use Precaut ionary  S to rage  Designs and P r a c t i c e s  

aVonitor Compliance wi th  Federal  and S t a t e  
Regula t ions  

. Reporting of Hazardous F a t e r i a l s  i n  S to rage  

. S t a t e  Env i romen ta l  Regula t ions  (Bulk 

. Post  S p i l l  Prevent ion  Control and 

. Department of Transpor t a t ion  Requi resents  

( S t a t e  General Municipal Law 209-u) 

S to rage  Cont ro l ,  SPDES Permi ts )  

Countermeasure Plan (SPCC P l a l ) ;  40 CFR112 

Cor,ply wi th  Indus t ry  P o l i c i e s  and Standards  

Ewforcement o f  Local Laws 

InSPect Cons t ruc t ion  for Compliance w i t h  Codes 

Enforce Ordinances/Rulings/Conditioos 

* NYS Dept. o f  Heal th  may promulgate rules and r e g u l a t i o n s  
upon r eques t  of purveyor o f  water (o f t en  a munic ipa l i t y ) .  

X 
X 
X 

X 

X* 

X 

X 

X 

X 

X X 

Planning/ Inspeckion/ 
Zoning Enforcement 
Board Of f i ce r  

X - 

X 

x 

X 

X 

X 

X 

Developer 
o r  Owner 
of S t o r a g e  
S i t e  

X 

X 

X 

* x  

X 

X 

X 

X 

X, 

spilled. The cumulative impact of small incidents may Environmental Impacts (Contamination af Xe- 
cause significant injury to the environment. sources) 

o water supplies (surface and ground water) 
o crops, soils 
o food chain 
o fish, wildlife, plants 
o air (odors and hazardous gases) 

"he Effects of Spills 

Spills have many diverse ramifications. They include: o wetlands 
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Public Health and Safety Impacts 
o Chronic effects 

carcinoge nicity 
mutagenicity 
teratogenicity 0 o Acute effects 
nausea 
headache 
gastric disturbances 
nervous system disorders ' 

o Fire and explosion 

Social and Economic Impacts 
e dislocation of people 
e property damage 
o land use conflicts' 
o loss of valuable product 
B cost for spill response and cleanup 

Ground Water Contamination: Nearly 35% of the 
water in New York State is drawn from aquifers and 
serves domestic, commercial, and industrial uses. Contami- 
nation of ground water occurs from a variety of causes 
including tank trunk accidents, train derailments, pipeline 
breaks, and leaks from ground water and underground 

" 0 
Considerations for Siting and Design of 
Storage Facilities 

Rysical Characteristics 

B soils 
a depthto groundwater 
e distance from drinkiig water supplies 
o distance from surface water or wetlands 
8 slope 
a potential for accident 

flood hazard area 
highway accident 

o previous use of site 

Socio-Economic Factors 

e land use 
0 zoning 
o cultural resources 
o public health 
o safety 

- Substance Hazard Level 

o toxicity 
e flammability 
o reactivity 
e corrosivity 

storage tanks and pipelines. In many instances, the ma- 
terial spilled reaches surface or ground water and con- 
taminates water supplies. Transportation accidents, train 
derailments, or pipeline breaks will occur even with the 
use of the latest spill prevention practices. When acci- 
dents happen, the best that canbe done is to implement a 
quick and determined effort to contain and remove any 
spilled or leached material. 

However, bulk storage facilities are relatively perma- 
nent structures. Consideration for proper siting and design 
of these facilities can minimize the potential contami- 
nation problems that might arise from leakaze or from 
accidental spills. 

Among the most important considerations are the 
physical characteristics of a potential site: soils, depth to 
ground water, distance to surface waters, slope and so 
forth; socioeconomic factors: land use, zoning, cultural 
resources, public health, safety and so forth; and, the 
potential degree ofhazard of the material to be stored. By 
giving careful attention to these factors during the site 
planning and review stages, the potential for ground 
water contamination can be lessened significantly. 

CAUSES OF LEAKS AND SPILLS 

In 1979,25 families in East Meadow, Nassau County 
were evacuated' from their homes. The people were 
suffering from nausea and headaches. In addition, a. 
potentially explosive concentration of gasoline fumes had 
accumulated in the basements of their houses from a 
nearby underground gasoline storage td whieh had been 
leaking for perhaps a year. 

In 1980, at the other end of the State in WellsviUe, 
AUegany County, 700 people were evacuated when a 
retail store housing 2 to 3 tons of pesticides and 
herbicides caught fire. Residents faced not only .the 
immediate danger of toxic 'fumes but a longer, more 
subtle and insidious threat.: Water used for extinguishing 
the fire bad become contaminated with pesticides. and 
drained into ground.and surfice water supplies. 

These are but two examples of the.several hundreds 
of spills and leaks which occur annually in New York 
State. Leaks, as opposed to spills, may generally be 
described as the gradual loss of material over a long time, 
Spills, on the other hand, occur as an instantaneous 
discharge to the environment, asin the.Wellsdletire. Due 
to  the basic difference between leaks and spills, the 
conditions which cause them also differ. Both leaks and 
spills can be minimized by using precautionary designs 
and careful handI i i  practices; while the~risk of contami- 
nating sensitive environmental areas.such as water supplies 
can be reduced by the proper siting of storage fzcilitien 
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By understanding the causes of leaks, it is possible to 
begin to understand just how these leaks can be prevented 
through proper siting and engineering design (see Figures 
2 and 3). The five primary c a w s  of leaks in storage 
systems are: 

o defects in materials; inadequate design or selection 
of storage facilities, 

o poor installation procedures (use of improper back- 
ffl materials, damage of protective coatings, 
improper beddm, etc.), 

o corrosion or "normal" aging, 
o poor maintenance practices which permit develop- 

ing problems to go,undetected, and 
eimproper use of the storage facilities including 

storage of material incompatible with the tank or. 
piping materials. 

:. 

Figure 2 
Sources of Well Contamination 
by Gasoline 
Where gound'waters in New York State have been 
contaminated by gasoline, local semice stations most 
frequently were the source. 

88 O t k ,  Blnied 
Gasolim Tanks 

14% Other 

28% UnkDOml 

Source: NYS Department of Health 

Small structural flaws or design inadequacies are 
occasionally the cause of a leak. Most manufacturers of 
storage equipment follow rigid quality control specifi- 
cations and perform sophisticated tests to assure that their 
product is structurally sound. However, no human activity 
can ever be foolproof, and leaks may develop where a 
storage tank has a structural or design weakness or where 
it is prone to damage. For example, many leaks from 
underground tanks occur immediately below the fd holes. 
These leaks are caused by the metal being worn away 
from the repeated striking of the tank bottom by the dip 
stick when the level of the tank is checked. In fiberglass 
tanks, punctures of the tank bottom have occurred due to  
improper use of the dip stick. Improved tank designs 
incorporate a stliker plate t o  protect the bottom of the 
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tank or an automatic level indicator to avoid the continual 
use of the manual dip stick. 

Poor installation, especially of undergound storage 
systems, is the root cause of many leaks. Unless tanks are 
carefully placed in the excavation, properly bedded, 
backfilled, and anchored against the buoyant forces of 
ground water, they may be structurally damaged or 
shifted out of alignment with their connecting pipe 
system. Improper installation, which results in the 
scratching of a protective coating or clay globs on the 
surface of a steel tank or pipe, can set the stage for 
accelerated rust and corrosion. 

Figure 3 

rank Leaks by Age 
4lmost 90 percent of leaking underground steel tanks 
ue over 1Oyearsof age. 

-2% - 0-1 Years. 
.6%. - 2-5 Years 
.5% -.6-d0 .Years 

26.0% - 3 1 - 3 5  Years 

30.0% - .16-20'Years 

18.0% - .2 1-25 Years 

11.8% - Ower 25 Years 

Source:.herican Petroleum Institute 

Leaks and spills canbe kept to a mimimum by 

e using precautionary designs 
0 careful handling practices 

The risk of contaminating sensitiveenvironmental 
areas, such as water supplies, can be reduced by 
proper siting of storage facilities. 

Corrosion (rusting) of steel tanks and pipes is perhaps 
the most common cause of leaks. Depending on the 
corrosivity of the soil, the life of a buried steel tank may 



i; L > 
be as little as 5 years or as much as 50 yeamThe .averqe 
life of unprotected tanks is on the order of 12 to 15 years.. 
Corrosion takes place where there is a difference in the 
electrical potential between various parts of a tank or 
piping system or between the storage system as a whole 

5 $*  and ’ .  the surrounding soils. Undergound steel tanks 
and the bottoms of above ground tanks are particularly 

$. vulnerable. Depending on the -particular situation, either 
3 electrolytic or galvanic corrosion may occur. Electrolytic 

corrosion is the result of direct currents acting on the 
storage system from outside sources or “stray currents’’ 
(subways, underground electrical cables, etc.). In galvanic 
corrosion, the electrical potentid is generated from.within 

By judiciously selecting a site with a noncorrosive 
soil environment or with proper design, the problem of 
corrosion of storage tanks and pipes can be made myage. 
able. Several manufacturers have developed methods of 
c3thodically protecting underground steel storage systems. 
against corrosion. With cathodicfconosion) protection: 
provided at the outset, tank life may .reasonably be 

& 
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c: 
c 5 the storage system.itself. 
R ;* e. 

1 a. 
t p<* 
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g 8 extended to 20 years:or.more: 
a! 

Spills 

Many significant hazardous substance spills are from 
transportation accidents. Highway accidents can result in 
the loss of the contents of an automobiie gasoline tank, a 
maximum of 20 to 25 gallons for most cars, or the loss of 
&e entire contents of a tank truck, perhaps as much as 
5,000 gallons from a singe vehicle. Even greater amounts 
of hazardous materials may be lost when a barge runs 
aground or is involved in a collision. See Figures4 and5. 
It is impossible to  prevent all transportation accidents: 
herefore, the spilling of hazardous materials cannot be 
eliminated. Improved fuel tank, truck tank, and barge 
designs are being used to minimize losses due to traispor- 
tation accidents. 

However, transfer spills and spills from carelessness 
can be prevented. These spills are caused by operator 
inattention, overfilling of storage tanks, improper closing 
of storage t a k  valves, failure to replace worn hoses, and 
poor housekeeping. Better employee training and im- 
proved work habits can significantly reduce such spills. 
Poor equipment design or sudden mechanical failures can 

Figure 4 
Petroleum Spas Reported 
in New Yolk State by Source 
(1975 ~ 1980) 
Handling, transport, and transfer operations have been a significant source of petroleum - 
spills. 

q6% Car/Tauck A~cident or. 
Tank Djscharge Truck 

Source: NYS Department ofTrysportation 
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also be causes of spills. Such failures can result from 
corrosion, improper fittings, structural failure (such 
as cracking due to  soil settlement), tank flotation, gauge 
stick punctures, or the use of improper backffl materials. 
Spills can also be caused by structural damages to storage 
tanks and piping due to natural and accidental oc- 
currences such as floods, earthquakes, wind damage, fue, 

and vehicle collisions. 

It must be recognized that spills cannot be elimi- 
nated. However, if storage tanks have been sited and 
designed with proper concern @veri to minimizing po- 
tential environmental damages, spills that do occur will 
pose less of a threat to the public health and safety. 

Fi,w 5 

Petroleum Spills and Leaks 
in New Yo& State 
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As part of the State's Petroleum Spill Response and 
Cleanup Program, the Department of Transportation 
has been directly involved in cleanup operations from 
numerous leak or spill incidents. In the first three 
years of the program alone (197880), approximately 
4500 separate spills or leaks were reported. Many of 
these individual incidents involved the loss of less 
than 100 gallons, yet collectively, over 3 million 
gallons of petroleum productswere involved. 
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Section 2 
HAZARDOUS SUBSTANCES 

Over four million distinct chemical compounds are known 
today; about 55,000 of these are used commercially to a 
significant extent, The chemical, physical and toxic 
properties of these compounds are varied and diverse; 
they range from innocuous to hazardous. Uncontrolled in 
the environment they may: 

o be toxic to humans when present in drinking water 

  volatilize and contaminate. air spaces or create 

a be persistent and bioaccumulate 
o pose fire or explosion hazards 
o be corrosive to structures or underground utilities 
o react with other substances to produce hazards (for 

example, sodium cyanide in contact with acid will 
produce the lethal gas hydrogen cyanide), 

supplies 

nuisance odors 

Chemicals can float, sink, or dissolve in water de- 
pending on the characteristics of the chemical. Once 
released to a hydrologjc system, especially a p u n d  water 
supply, it may take years-even decades-for it to be 
diluted or flushed away. The question, then, is: “Which of 
these thousands of chemicals should really be considered 
hazardous?” 

Toxic substances are a subset of hazardous 
.substances. All.toxics are hazardous, but not all 
hazardous substances are toxic. 

CHEMICAL CHARACTERISTICS 

The chemical behavior of hazardous compounds is ex- 
traordinarily variable. Some are highly dangerous to 
handle; they may detonate when subjected to shock, or 
eat through a container made of an incompatible material. 
Others are passive and present a hazard which is more 
subtle in nature. Chemical characteristics can generally be 
categorized thus: 

o human poison 
0 flammable 
B corrosive 
0 reactive 
e volatile 
B floater . 
o soluble 
o amenable to biological waste treatment 
o biodegradable 
o highly toxic to aquatic life 

Additional information on the chemical characteristics of 

hazardous substances is included in the Tec*hnolos 
Assessment 31anual. 

LISTEVGS OF HAZARDOUS SmSTANCES 

To minimize hazards to the public, Congress gassed 
legislation to control the transportation, discharge, and 
disposal of chemical substances. With such authority, the 
U.S. Environmental Protection Agency @PA) and the De- 
partment of Transportation (DOT) have prepared a 
number of different lists of hazardous chemicals, each of 
which provides distinctions pertinent to transportation 
hazards, toxicity, fne prevention, physical and chemical 
properties and waste streams. The EPA list of hazardous 
substances, as promulgated under Section 311 of the 
Federal Clean Water Act, is included in ihiiManual as 
Appendk A. Data on the type of hazard-toxic, corrosive, 
flammable, etc.-and on the physical state-liquid, solid, 
gas-can be found in the Chemical Hazard Response 
Information System (CKRIS) of the US. Coast Guard or 
by contacting chemical manufacturers or from the N Y S  
Department of Environmental Conservation. - 

Contaminants in Ground Water 

The New York State Health Department has 
investigated various incidents of ground water con- 
tamination. While there is not a comprehensive 
monitoring program, Department data indicate that 
the following organic compounds often are found in 
New York State contaminated ground waters. 

Tetrachloroethane Freons 
Trichloroethylene Carbon tetrachloride 
Tetrachloroethylene Petroleum constituents: 
Vinyl chloride Benzene 
Methylene chloiide Toluene 
1,l ,I-trichloroethane Xylene 
Chlorofoml 

11 

These various lists and how they are used can be 
confusing. It is important to remember that the DOT’S list 
of hazardous materials is used in the administration of 
regulations pertaining to transportation, while EPA’s list 
of hazardous substances is used for administration of the 
Federal Clean Water Act. Table 3 outlines these listings 
and should help the reader correlate the correct list with 
his specific control program. The ten most commonly 
used hazardous substances in New Yolk State are listed in 
Table 4. 



Table 3 

Hazardous Substances 
Hazardous Matelials 

Hazardous Wastes 
Which List is What? 

Humdous SvbrLvlrri 

the  U.S. EPA has corpl led a l i s t  of 299 hazdrd- 
o m  substances (40 CFR 116). 
on t h i s  l i s t  must be reported t o  the EPA i f  
they are s p i l l e d  o r  discharged. Control of 
these  substances nay be subjec t  t o  addi t ional  
fu ture  EPA regulat ions.  

Pliority P o l l U ~ I s  

Under Section 311 O F  the  Clean Water Act, 

The substances 

I n  accord with a consent anrewent  be- 
tween t h e  Natural Resources 0ef;nse Council and 
€PA i n  1967, EPR ident i f ied  129 s p e c i f i c  chenri- 
ra l  comoounds as o r i a r i t v  tox ic  ool lutantS.  .. ~~ ~~ ~ 

These pol lu tan ts  Lave s i n e  been' incorporated 
i n t o  several regulatory pmgvams including NPOES 
permits (40 CFR 124), pretreatment standards 
(40 CFR 403). hazardous wastes (40 CFR 261) 
and Superfund (PL 96-510). 

H d o u M i f c d &  

The U.S. WT has l i s t e d  about 1700 hazard- 
ous mater ia l s  within several general c lasses:  
explosives, flamnables, corrasiver, CompFessed 
gases, poisons, e t io logica l  agents, radioact ive 
mater ia ls ,  and ow (other  regulated mater ia l s ) .  
WT regulates  the  t ranspoptat ion OF these 
mater ia ls  via  49 CFR 171-177. These 
regulat ions cover such prac t ices ,as  packaging, 
tank car design standards, l abe l ing ,  use o f  
shipping papers. incident  'reOOPt5. separat ion 
and mater ia ls .  

The New York S t a t e  Office o f  Fire Preven- 
t i o n  and Control requires t h a t  s torage of 
mater ia ls  on the WT l i s t  be.reported to  local  
f i r e  au thor i t ies .  

Hmmhlal~f W w r (  

hazardous wastes under the Resource Conservation 
and Recovery Act (RCRR). These regulations I40 
CFR 162) l i s t  462 hazardous wastes. I t  
should be noted t h a t  cont ro ls  under RCPA apply 
t o  waste only and not t o  hazardous Substances 
t h a t  are being s tored p r i o r  t o  use in  product 
manufacturing o r  which a r e  to  be reclaimed, 
recycled ,o r  reused. 
a t i o n ,  t ransportat ion,  s torage,  treatment and 
disposal O F  hazardous waster. 

The EPA has adopted regulat ions t o  COntrOl 

RCM regulates  the  gener- 

roliic substwe 

(Tscn), t h e  EPA has conpiled a chemical sub- 
stances inventory Of OVBP 55,OUO chemicals 
manufactured, imported o r  processed for 
comerc ia l  purwses between January 1, 1975 
and May 1, 1978. Under TSCA, the  EPk may 
r e s t r i c t  the  comiercial d is t r ibu t ion  O F  c e r t a i n  
toxic  Substances. 

Under the  Toxic Substances Control A c t  

Superiund HvJIdow Matcmli  

Hazardous mater ia ls  incorporated in to .  the '  
Comprehensive EnvTrnmental Response, Cam- 
pensation and L i a b i l i t y  Act.of 1980 (Superfund) 
include by reference the Section 311 l i s t  of  
hazardous substances, p r i o r i t y  po l lu t an t s  and 
hazardous wastes under RCPA. .S?iperfund includes 
s p i l l  report ing requirements f o r  r e l e a s e  
of  1 pound o r  Pare of  those materials not 
on the  Section 311 l i s t .  

Table 4 

Tap Ten Hazardms Liquids in New York State 

Substance 

P e t m l e m  
G i l s o l ! ~  
Fuel Oil 

Toluene 

Use in MY8 
(Million Ib/yr) 

41,321* - 
432 

Phenol 156 

Trichlomethyl ene 118 

Tetrachloroethylene 113 

fieethylene Chloride 80 

Oidlirn" 78 
Benzene 60 
Xylene 48 

s tyrene 40 

Source: New York State  industrial Chemical Survey. 

NLmber of Repopted 
Users i n  NYS Major Uses 

10.6W* 
1.1W* 

287 

107 

146 

70 

194 

86 
7s 

248 

39 

* Petrolem stat ionc and terminals estimated from o t h w   source^. 

automotive iuel 
heating fuel 
gasoline c o w n e n t ,  solvent, 
explosives. detergents 

glue, plywood, phamdceuticals, 
1 abors tory, reagents 

degreasing solvent, extraction 
solvent, chemical intermediate 

dry cleeners, s p t  relpaver, 
heat t ranr ie r  medium, 
fl"oloc*l.bo"s 

paint remover, mlveiit for  
insecticides 

imect ic ide  
sol,vent, anti-knock gasoline 
solvent, gasoline, organic 

cheinicalr 
plastics,,  copolymer resins 
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TYPES OF STORAGE . PRECAUTIONARY DESlGNS AND PRACTICES 

Hazardous substances are most often stored in above 
ground bulk storage tanks or underground tanks; or, they 
are warehoused in 55-gallon drums or other containers. 
Examples respectively are: large petroleum distribution 
tank farms, on-site chemical storage at industrial plants, 
tanks at neighborhood gasoline stations, and bulk storage 
of pesticides andfeiertilizers at warehouses. 

Each storage system usudy consists of five basic 
components: 

o storage tanksJcontainer9; 
B transfer facilities; 
e an overfil prevention system; 
a a spill containment and collection system; and 
e a leak detection system. 

These components may be seen on the schematic 
drawings of typic3 bulk storage facilities in Figure 6. 

Precautionary designs and management practices can 
reduce the risk of contamination. Some precautionary 
measures are simply common sense. They are economical 
and effective and should be employed at virtually Bvery 
storage facility. Other effective but more elaborate 
safeguards are appropriately used where: 

B high risk chemicals are to be stored, 
Q chemicals are stored in large volumes, 
o incompatible land uses or sensitive environmental 

o where chemicals are on or near readily permeable 

Whatever the circumstances, it is the joint responsi- 
bility of the design engjneer, the owner of the facility, and 
the public officials to select and apply appropriate pre- 
cautionary measures for all aspects of the bulk storage 

areas are nearby, or 

aquifers. 

Figure 6a 

'Typical Underground Storage Tank Installation 

VAPOR RECOVERY L I N E  

DELIVERY 
PUMP 

O B S E R V A T I O N  

@ FLOORSOFlEilPERVlOUS L E A K  DETECTOR 
M A T E R I A L  
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Figure Gb 

Typical Above Ground Storage Tonk Installation 



... 6 .  
@ 

$ *  
i: facility. Factors to be considered include technical fad-  contains several drawings which illustrate designs for 
z reducing the risk of environmental contamination. See 
'c Table 5, also. 

- 
bility, local land use, environmental resources to be 
protected, community values and cost. Appendix B 

Table 5 

Stonge of Hvvdous Substances: 
I h i g  Considerations wid Practices 

Product Storage 

.aboveground tanks 

.underground tanks 

.s ingle  wall tanks 

.doub:e-wall tanks 

.tank l in iogs  and 

.tank wrappings 

coatings 

Product Transfer , 

Piping and 
Accessories 

.surface/sub- 

.hoses 

.loading racks 

.design 

surface p ip ing  

considerations 
-<"?P"C<l,@ - " . . I  

*design resis tance 
considerations -chemical/ 

-corrosion materials 

-chemical/ -Ftrlict"Pill 
res is tances  compat i t i  1 i t y  

. ~ . - .  
mateGai s st rength 
cmpa tab i l i t y  -factors of 

-s t ructural  safetv 
Strength 

-factors o f  
safety 

.materials 

-carbon s t e e l  
- s ta in less  s t e e l  
- f iberglass  rein- 

forced p l a j t i c  

- f iber lass / s tee l  
bonded 

select ion 

FRP ) 

.materials 
select ion 

-carbon s teel  
- s ta in less  

s t e e l  
- f i  berg1 ass 

reinforced 
p l a s t i c  (FRP) 

-polyvinyl 
chloride (PVC) 

-polypropylene 

.emergency shutoff 
valves 

.check valves 

.coupling mates t o  
prevent mixing 
o f  incompatitl e 
c hemi ca 1 s 

Overfi 17 
Protection 

.high level  e rms 

.redundant 
instrumentation 

.automatic overflow 
diversion devices 

.dry disconnection 
hose valves 

.check valves 

.catchsent 

.level control and 
automatic s h u t -  
off devices 

- f loa ts  
-displacers 
-gas bubblers 
-hydrostatic 

head devices 
.-capacitance 

devices 
-thermal con- 

duct ivi ty  
devices 

-ultrasonic 
devices 

-optical devices 
-nucleonic devices 

.sound operating 
pract ices  

S p i l l  Containment 

. imp.ervious 
perimeter dikes 
and cutoff  walls 

.curbing, imper- 
vious slabs,  
troughs 

.l.iners 

. in  s i t u  abosorb- 
ingrneutral i r ing  
media fo? s p i l l  
containment 

.doubl e-wal 1 ed 
tanks 

.spil1/1 eachate 
c a l l  ect ion 
systems 

.catchment (siop) 
tanks 

Leak Detection 

.inventory coqtrol 

.visual inspection 

. i n t e r s t i t i a l  
monitoring of  
double wall 
tanks 

. soil/groundwater 
monitoring 

. t ightness  t e s t s  

. s t ructural  t e s t s  

Certain industrial chemicals are designated hazard- 
ous because they threaten public safety, human 
health, and the environment. These threats occur 
only when the substances are improperly stored, 
improperly handled, or jmproperly disposed of. 

L I 

Above m u n d  tanks are usuallv made of carbon steel. 

Storage Tanks 

Storage tanks are manufactured in a large variety of 
shapes, sizes and materials. They may be vertical or 
horizontal; spherical or cylindrical. They, may be as small 
as a SS-gallon drum or large enough to store 100,000 
gallons or more. Tanks which are less than 12 feet in 
diameter are generally shop-fabricated; those larger than 
12 feet in diameter are eenerallv fielderected. Bulk 
gorage tanks may be desiGned wifh compartments for stainless st&, polyvinyl chloride (PVC) or fiberglasd 

different products. They may be double-walled for reinforced plastic (FHP). Aluminum is occasionally used 
against leakage, for small tanks and for special applications. Steel. tanks 
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may be coated or lined with synthetic materials which 
augment resistance to corrosion. Fiberglass may be fused 
to steel for use when high strength in addition to chemical 
and corrosion resistance are required. Underground tanks 
usually are horizontal, cylindrical structures. They typi- 
cally are made of carbon steel, fiberglass reinforced 
plastic or steel clad with fiberglass reinforced plastic. The 
type of tank and materials of construction must be 
chemically compatible with (1) the .chemical to be stored 
and (2) the environmental .setting of the container. 

hlany substances are corrosive and, therefore, incom- 
patible with steel .or fiberglass tanks. For example, aque- 
ous solutions of many salts and most mineral acids are 
highly corrosive.to carbon steel. Special resins are used in 
the fabrication of fiberglass tanks designed for storing 
gasohol or organic solvents such as methylene chloride or 
trichloroethylene..Chemical compatibility charts, available 
from most tank suppliers, must be consulted during 
design. Manufacturers, dealers, and suppliers should also 
be contacted whenever a tank is considered for storage of 
a substance for which i t  was not specifically designed. 
See Table 6. The compatibility of a container with its 
environment, especially underground installations in 
corrosive soils, is as important as compatibility.with its 
contents. Subsurface conditions with acidic or saline 
ground water; fine-grained, moist soils; or buried electrical 
cables can accelerate NSC (corrosion) and deterioration. 

\+lien underground tanks are to be installed in a 
corrosive soil environment, designers should consider 
alternatives to the standard, unprotected steel tank. These 
alternatives, which have corrosion allowances, are rust 
resistant, and have an overall longer design life with less 

e steel tanks with thicker walls  for corrosion al- 

m cathodically protected steel.tanks 
Q fiberglass reinforced plastic tanks 
o steel/glass bonded tanks 
D double-wall or double-bottom tanks. 

0 

0 .  nsk : of a leak, include: 

lowance 

Alternatives should be used if it is unlikely the tank will 
get routine maintenance, inspection, or testing for 
tightness. 

Above ground storage is sometimes preferred over 
underground storage, because leaks from above ground 
facilities are readily discovered and remedied. However, 
above ground storage poses a greater fire and safety 
hazard, is more vulnerable in high risk flood areas, and 
sometimes presents an aesthetic or space problem. Having 
recognized these Limitations, however, toxic materials 
which pose a threat to aquifers should be stored above 
ground. If underground storage of toxics is the only 
alternative, continuous monitoring of the space between 
the walls of double-walled tanks is  essential. 

Tank design must consider structural as well as 
chemical facton. T h e  structural design will depend on the 
horizontal or vertical alignment of the tank, above ground 
or underground placement, density of the stored 
substance and support of the tank. Design elements such 
as material selection, wall thickness, and impact re- o 

sistances must be carefully considered. The type ofwelds 
in a steel tank can be an hiportant factor. Double-welded, 
butt joints are stronger than lap-welded joints and less 
susceptible to crevice corrosion at the head and shell 
seams. Steel tanks are widely used because of their high 
strength and relatively low capital cost. Steel is particu- 
larly well suited for above ground storage tanks where 
structural strength is a critical factor. 

Tnnsfer Facilities 

Pipes, fittinss, valves and pumps are used to transfer 
2nd control the flow of liquid, vapor and air to and from 
storage tanks. These components are made of a variety of 
materials and come in numerous designs to compensate 
for the corrosivity and physical properties of the fluid 
being handlzd. Precautionaiy design considerations for 
piping and valve systems are similar to those for tanks.. 
Careful structural design and selection of materials com- 
patible with the contained substance are very important. 
As with steel tanks, steel piping should be protected 
against .rust and corrosion by use of cathodic protection 
or galvanized coating or lining of a permanent nature. 
Properly installzd fiberglass and plastic pipes are a suitable 
alternative when the plastic or resin is compatible with the 
chemical to be transported. They have excellent corrosive 
resistance in most soils, but they do not have the.strength 
of steel pipes. 

Breakage of underground pipes or loosening o f  pipe 
fittings can be minimized if swing joints are installed to 
allow for thermal expansion and differential settlement. 
These are installed at points of connection with tanks, 
pump stations, and vent risers. Fibergass and plastic.pipes 
are inherently flexible .and do not require swing joints 
where there .is at least a 4.foot straight run of pipe,.be- 
tween ?ked connections. 

Emergency shut-off valves shouId be strategically 
placed and designed to close automatically when a pipe- 
line rupture occurs. Such devices are frequently used at 
the pump island of gasoline service stations: Should the 
dispenser be accidentally knocked down by a vehicle, a. 
remote pump shut-off valve Et thcbase of the dispenser 
will automatically close the gasoline delivery line. 

Good piping installutions require proper 'identifi-. 
cation of all lines with tags, plates, or pninted colors; 
underground pipes should .be mapped and fdes of them 
maintained. Operators should.know the function of every 
line and the location of critical valves so that they can b e  
operated properly and quickly in case of an emergency. 

Transfer points are where loading and unloading take 
place; they should be impervious to leaks and spills.. 
Physical barriers should be used to prevent accidental tank 
truck' or tank car movement. Containment or flow di- 
version systems should Lie provided to collect leaks from 
the traiisfer connections or lines. Drains or sloped 
pavements are often used for this purpose:Several other 
precautionary measures which can be taken to n*iqiz? 
leaks and spills at transfer areas include: use of dry break 
couplings on transfer pipes and hoses, redundant valves 
and instrumentation, and overfill prevention instruments. 



Table 6 

General Properties of Materials Used for Storage Tanks and Piping 

s t s i n l e i 9  steel 

f i h e r g l a f s  

Polyvinyl chl m i d e  

concrete 

Steel c lad  f i b e r g l a s s  

Lin in l r  and Coatlnqr 

alkyds 

ewxies ' 

ohenal i c  

Pol ye thylene 

compatible wiih petroleum p m d w t r  but 
inc~ .p1!a t ib1~ with COPPoIiYe c k m i c a l s  

Ha$ b e t t e r  corrosion resistance 
than carbi i  s t e e l  and higher $ t m i Y r d l ,  
s t rength  (Them are wore than 80 $id"- 
d a d  typer o f  Itadinless I t e e l  and 
special  a l loys) .  

coinputible with a wide range o f  petroleum 
and Chemical products 

exce l len t  chenical reSiStance t o  ac ids ,  
a l k a l i s  and gsro l ine  

genera l ly  good r e s i s t a n c e  Lo chemical 
a t tack ;  epoxy coating5 Often applied 
l o  concrete t o  increase chemical 
Tes\lthChe 

exce l len t  r e s i s t a n c e  to  atnospheric con- 
d i t i o n s  and compatible with mineral and 
organic ac ids  

has chemical r e r i r t a n c e  o f  f i b e q l a r r  
and l t w c t w a l  r t rength  o f  s t e e l  

dlkyd.phenolic and aklyd-sil icones haw 
good Weather r e s i r c a m e  and good f o  

halogendtsd organic  so lvent r  and 
a lcohols :  may .be applied t o  both the 
i n t e r i o r  o f  tanks and pipes 

ex tPl ien t  rPliStbChe to garo l ine ,  no"- 

( inc lude  epoxymine. epoxy-ester and 
epoxyphenolic). exce l len t  w e t h e r -  
r e s i s t a w e  and e x c e l l e n t  chemical 
r a r i r t a n c e  t o  gaso l ine ,  non-hdiO&ted 
organic s o l a e n t i ,  a l k a l i s  and mineral 
a c i d s ;  lPdy be applied t o  both i n t e r i o r  
and e x t e r i o r  of tanks and pipes 

excel len t  durabi l i  t Y  and excel lent 
VeliStdREe to g l r o l i n e ,  "on-halogenated 

may be applied to both i n t e r i o r  and 
0rga"ic so lvents .  and aicoh01s; 

e x t e r i o r  O f  t2"kS and piper 

good r e s i r t a n c e  t o  gaso l ine ,  ngn- 
hdlogendted ro lvent r .  d l k d l i s  and 
n inerb l  acids:  u r u s l l v  uoolied 

very 9oOd r e s i s t a n c e  to Oxidizing ac ids  
and Some organic a c i d s  dqd a l k a l i s ;  
UIUdlly airplied B s  a 1oOIe wrappinq around 
t W k i  and pipe 

%"?e: Chemical Engineers Handt-k, F i f t h  Ed., 1973 

- Disadvdntdwi Relative cost 

r u o i r c t  to a t teck  Py corra;ive chemical 
end c o r r ~ s i v e  $oils  

lover  grade r t e d i  h r t e n s i t i c  s t e e l s )  iYediun t o  nigh 
d i e  not su i tdb le  f o r  reducing ac id  such .% delending on 
Hc1. gmde o f  s t e e l  

10" 

l a ~ k s  the  s t ruc tura l  Streilgth and irpact 
e e s i s t m e . o f  s t e e l  tanks coated steel 

cmjmrahle t o  

P la l t iCS have low l t r u c t u r d l  s t rength  and are 
l e r r  r e s i s t a n t  t o  mechanical abuse than s t e e l s ;  
genera l ly  not su i ted  f o r  the  storage o r  h m i l i n g  
OF organic rolyentr I w h  31 benzene, carbon 
h e r i m e ,  Cmbon t e t r i l c h b r i d e  and a c e t o n e  

rublec t  to Cracking and s p ~ l l i n g  with changes 
i n  tenperature such as during f raere l thav  
CYCl** 

ia  pure I t a t e ,  has r e l a t i v e l y  low s t r u c t u r a l  
s t rength  and generally not Used i n  fabr ica t ion  
o f  tanks and pipen: a l l a y s  w e  z v a i l a b i e  but 
c o s t l y  

r e l a t i v e l y  high c o s t  

incowpatible with rnineral acids.  a l k a l i s ,  
chlorinated ro lvent r ,  and o m u n i c  a c i d s  

good to poor re<is tance  t o  organic acids 
depending on the  ac id  

g e f ~ e r a l l y  e x h i b i t  poor res i s tance  to  
d l k d l l i ,  ninerdl a c i d r ,  ch lor ina ted  
IOlYenti, aid organic ac ids  

incon?ntible i r i th  ch lor ina ted  SolYmts,  
exce l len t  t o  noor r e s i s t a n c e  t o  OrQaniC 
ac ids  depending an the acid: wrappings 

b e u u s e  water often vcnet ra te i  soace 
"I"8llY mi us e f f e c t i v e  a$ C0dfi"gE 

10" 

high 

high 

high 

10" 

10" 

io* 

I U W  
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(EverEi hevention 

Overfi prevention is usually accomplished by 
measuring and/or controlling the level of liquids in the 
t&. It may consist of a device as.simple as the shutoff 
nozzle commonly employed at a gas..station to prevent 
overfilling an automobile gasoline tank or a valve which 
closes the vent line of an underground tank and thereby 
stops the filling process. 

It could also be a sophisticated system consisting of: 
o level sensormd visual gauge 
B high level alarm, audible.and visual 
oautomatic shutdown of valve and pumps or 

o emergency overflow to  adjacent wnks 
e on-the-scene operator. 

automatic flow diversion 

The five components of a sophisticated system provide 
reliable overfill prevention and can be used on bulk 
storage facilities sited in sensitive areas. It should be 
emphasizcd that these items arenot alternatives but are 
separate components of the system. There is no re- 
dundancy in the system. Each item has. its. separate 
function and ‘each function decreases the chance .of an 
overfill caused by human error. The fifth, nontechnical, 
component of the overfill prevention system is the human 
element. Despite all technological safeguards which may 
be in place, there should .always be a trained operator 
present and prepared to  respond to liinit and contain an 
accidental spill. 

Equipment and 
Practices for 
Preventing Transfer 
spills 

1. Overfd prevention systems 
a. level sensor and gauge 
b. highlevel alarm 
c. automatic shutdown of valve and pumps 

or automatic flow diversion 
d. emergency overflow to adjacent tanks 

2. Propertransfer practices 
a. operator on duty 
b. established procedure 

3. Dry break couph$ on transfer pipes/hoses 

4. Transfer product at established stations equipped 
with curbing, paving, and catchment facilities 

5. Redundant valves and instrumentation 

6. Regular inspection and maintenance ofspill 
prevention equipment 
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Spill Containment 

Dikes, curbs, liners, doubled-walled storage ranks and 
storage basins are used to contain accidental spills or leaks 
and prevent contamination of ground and surface waters.. 
On above ground storage systems sir& as that pictured in 
Figure 7, perimeter diking or depressed storage reservoirs 
are used to contain large accidental spills. Such dikes/ 
reservoirs are required by. the US. Environmental Pro- 
tection Agency for most above ground storage tanks 
holding petroleum produckcurbing and impervious pads 
are used to contain small spills at loading and unloading. 
areas while drip pans are used for small leaks from pumps, 
valves.and fittings. 

Well designed. containment facilities usually have the 
following features: 

m reservoir floors; pads,and dike$ made of materials. 
impervious to the substance stored; 

B curbs, dikes, pans, etc., made of materials .com- 
patible withthe-substance stored, 

B perimeter diking and storage’ reservoirs sufficiently 
large to contain 110% of the largest tank plus, a 
24-hou1, 10-year rainfall event; 

emanually.operated pumps, drain valves o r  siphons. 
for emptying rainwater which accumulates .in. the 
containment area; anb 

a operating personnel t r a e d  in. spiU.response pro-. 
cedures. 

Two separate underdrain systems are usually needed 
at large containment facilities. One system is used to  
collect pure product which may be accidentally spilled a t  
transfer stations and pumps. Product usually drains to a 
“slop tank” where it is held for later-use or recovery. A 
second .separate dnin system:is used for collecting storm 
water. If the storm water is uncontaminated, it usually 
flows to a sump where it .is pumped over the dike to’the 
nearest storm drain. If it is contaminated, it is delivered 
for treatment and disposal. 

At some bulkstorage sites; thwe is insufficientroom 
to install dikes and holding basins of.adequate size. A t  
these sites, large spills are usually diverted to off-site 
storage areas via lined ditches and pipelines. For volatile 
compounds, pipelines are more .appmpriate than open 
ditches. 

The secondw containment concept is also used to 
confme spills.or leaks from underground storage tanks. 
Double-walled tanks with monitoring of  the walls’ inter- 
stitial space provides security under almost .any site 
condition. Single-walled tanks can be used.in conjunction 
with carefully constmcted under-liner;.of clay or syn- 
thetic materials or with concrete vaults .in low ground 
water areas. It is important to provide an impervious 
cover over these installations in .addition to bottom and 
sidewall lining. Without the top cover, an imperviously 
lined excavation wouId-qui6kly Gu with raimvater, much 
%e a bathtub, and lose its cbntainment capability. 

The secondary containment system for ‘an under- 
ground tank is a monitor to detect a leak or spill and a 
well  for spill recovery. Appendix B shows precautionary 
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. ' Spill containment and management practices are especially important where large 
volumes are stored, such as at this tank farm. 

g 1 i 

designs which illustrate containment~monitorining.recovery 
J.' for underground storage. 
.w. 
:& 

Early detection of leaks is necessary to protect the 
environment and public health and for the safety of 
workers and others in the area. The piimary methods used 
for detecting leaks in above ground storage facilities are: 

o daily visual inspection 
o periodic intensive inspections involving entry of the 

tank to check on tank dimensions and structural 
deformity 

a testing wall thickness 
e cleaning 
e tests on the storage system to check for tightness 
Q checking for stock loves through inventoly audits. 

Monitoring ground water, stom water and treated 
releases may also be necessary at  large .storage facilities. 
This can be accomplished by direct measurement of the 
substance of concern or by measuring indicator param- 
eters such as pH, turbidity, conductivity, total organic 
carbon, total oxygen demand, or specific ions. The need 
for monitoring is especially important for underground 
storage systems where leaks could go undetected for 
Years. Each of the followine are used for successhl. earlv .~ :-. ?$ @, etection of underground storage leaks: 

<g;; 

o stock inventory cuntrol 
o tank tightness tests 
o tile drain fields under tanks 
B vapor (snifo wells foraromatic substaces 
e sensor instrumentation 
o monitoring the interstitial space of double-walled 

e sampling wells 
o internal inspections 
o nondestructive testing of shell thlchess 
D leak forecasting. 

tanks 

Sampling or vapor wells do not need t o  be elaborate 
expensive monitoring systems but can be simple, inex- 
pensive PVC pipe installations. 

Installation of Facilities 

Installation of a faciIii is 3s important as itsdesign in 
reducing environmental r ihs .  Above ground tanks are 
usually installed on concrete pads designed to suppori the 
full load of the tank and its content and on a foundation 
designed to prevent settling and heavins due to freezing. 
Special designs and installation practices are necessaw in 
hgh ground water areas. Floodways should be avoided. 

Underground tanks and pipes should be installed witk 
proper bedding and backfd material compacted in one- 
foot lifts to prevent diffzrential settlement and flattening 
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of the bottom of the tank and heads. See Figure 8. Proper 
backfill material for steel tanks is usually sand;pea gravel 
is mas? appropriate for fiberglass tanks. Rocks, clay, 
topsoil, cinders and refuse should not be used for backfill, 
because they accelerate eonosion of steel or damage 
protective coatings. Fiberglass reinforced plastic tanks are 
inherently weaker than steel tanks, and they require 

the special installation recommended by manufacturers 
and the Department of Environmental Conservation. 
Depending on the structural material of the tank or pipe, 
buried tanks 01 pipes should be covered with 2 to 4 feet 
of earth and pavement to protect against structural 
damage from vehicles. 

Fin- 8 

Proper installation of underground storage tanks is every bit as important as the des ip  of 
the facilities. 

Tanks installed at sites with high ground water or 
where flooding is possible should be anchored such that 
buoyant forces cannot float the tank to the surface or 
cause the tank to  collapse. During installation, tanks 
should receive incremental increases in ballast (water in 
the tank) conespanding with the progress of backfilling 
and compaction. Proper "wet hole" installation is es- 
pecially important when installing t&s constructed OF 
materials with low structural strength or long, small-&a- 
meter tanks which are more susceptible to buckling. 
Placement of anchor straps is also important. Improperly 
placed straps on fiberglass reinforced plastic tanks have 
caused tanks to rupture. See Figure 9. 

Management pnctices. 

Propr  management of a:storage facility is as im- 
portant as proper facilities. Facility. des i9  cannot antici- 
pate' every possible contingency, and it is necessary tci 
have management procedures which lead to early problem 
identification, and to have handling practices and actions.. 
which. can be implemented when a spill or emergency. 
occurs. In some cases,. there can even be a tradeoff be- 
tween investments in precautionary facilities and p e a .  
cautionary management practices. 

Anticipatory management practices, sometimes called 
best management ,practices 01 BMPs, are often imple- 
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mented .as a matter ofpolicyby companies which use and 
store large quantities of .hazardous substances. They are 
also required by law or regulation in New York State and 
y the US. .EPA for oil storage .facilities; see Table 14. In 

d identificationof responsible parties (daytoday and 

o.spill reporting procedures 
c employee t r a i i i g  manuals 
o inspection and testing schedules 
o maintenance requirements and schedule 
o record keeping requirements 
esecurity provjsions. 

." general, the following elements.are included in a rnanage- 
ment plan: 

in emergencies) 

Fgtve 9 

This tank was installed with anchor straps and no 
ballast. Heavy rains a t  the partially backfilled site 
caused external pressures of around 7 psi at the 
bottom of the tank. 

. ' __  .. . 

A number of other practices including periodic 
evaluations of material compatibility, labeling of tanks 
and pipes as to chemical hazards, and use of coupling 
mates to prevent mixing of incompatible chemicals can be 
used effectively to reduce the risk of a leak or spa.  
Storage facilities are dependent on the substances spilled, 
their concentrations, the amount of the substances, and 
the layout of the particular installation. Provisions should 
be incorporated in the facility's design to address spill 
cleanup, treatment, and disposal. 
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Table 7 

Fire Safety Separation Distances 
for Rmrnable Liquids* 
S p i l l  Radius Safe  d is tance  from pool edge f o r  

minimum maximum products  minimum maximum products 

Safe d is tance  from pool edge f o r  

petrolzx petroleum 
( i n  i e e t )  people ( i n  f e e t )  wooden bui ldings ( i n  f e e t )  

-- - -- 
l o  110 210 150 25 . 50 32 

100 600 1,500 900 150 310 200 

1,000 4,000 9,000 6,000 800 2,auo 1,100 

2,000 8,000 15,000 10,100 1,300 3,500 1.900 

*Assumes c r i t i c a l  flame angle  of  600. 

Source: U.S. Coast Guard, Hazard Assessment Handbook 

Table 8 

Guides for Determining Separation Distances 

1. LGrdnd. H.E.. A Standwdi ied  Syrteal For E v l l u e t i n g  Haste 31spolal Sites.  .. "2.w . 
WdIvdteS the pa ten t ie l  f o r  qrwodwater COnTminatiOn 3Uue t0 the Itorage (I: hBLaTdoUI 5ubr:ancer. i t  i i  
SiructUied t D  Fern i t  the e ld lua t ion  O f  t%e :cl:eiination poten t ia l  a s o c i a t s d  with a given i a c i l i t y  and s i t i n g  
cor+i t ions .  However. by trIE1 m d  error i t  -27 h. used to develop minimu. ieparatioo distances to a t t a i n  a p w -  
deierinined degree o f  orotec:ion u i l v  loca l  h y h g e o l a g i c a l  fac tors .  

Prepared f o r  the  :latima1 
h e l l  ALiociation. 1WI. Thi5 prcce&re. highlighted i n  Section 6 and Appendix E of t h i s  manual,. 

Le5rwd. H 
"2.er h e l l  
eid1"dteS 
SiruCtUled 
cor+i t ions  
deierinined 

.. . .E. .  A Standwdi ied  Syrteal For E v l l u e t i n g  Hafie 31SpOlal Sites.  Prepared f o r  the  :latima1 
ALiocidtion. 1WI. Thi5 prcce&re. highlighted i n  Section 6 and Appendix E of t h i s  manual,. 

the pa ten t ie l  f o r  qrwodwater COnTminatiOn 3Uue t0 the Itorage (I: hBLaTdoUI 5ubr:ancer. i t  i i  
t D  Fern i t  the e ld lua t ion  O f  t%e :cl:eiination poten t ia l  a s o c i a t s d  with a given i a c i l i t y  and 
. However. by trIE1 m d  error i t  -27 h. used to develop minimu. ieparatioo distances to a t t a i n  
degree o f  orotec:ion u i l v  loca l  h y h g e o l a g i c a l  fac tors .  

s i t i n g  
d p w -  

2. Toric SUbstdNes C6Dtrol A c i  ( v :  94-69]. ?mrx : I1  Storage For DisPoSal. S f ~ r a g e  f a c i l i t i e s  for  tox ic  sub- 
I t a w e s  Ihould l l O t  be located W o r  the 100-year floodplain.  

bulk p l a n t s  and t e n i b l ;  (Sec.~6-5.4)  and serv ice  s ta t ion3  ISec. 7-6.4PS and location; o f  pr&erring.ve&lr 
tsec. 8 ) .  

10. Loi t i tu te  of Makevr of Lxplonver.  A m r i c m  I L h  Of Distances f o r  Storage a f  E ~ p I o ~ i v e s .  

11. llev York S t a t e  F i r e  Pre,,ention C&e. Chapter 9 W R R  i150, TI* code e i tab l i r l le r  "rules w d  regula t ions  
t o  s a f e w a i d  l i f e  acd property f r m  the  hazards of  f i r e ,  explosion, or release of t o x i c  ~ ~ I B S  a r i ~ i n g  frm 
rbe storage,  hacdling or use 06 h d i d r d o w  SUbitdOCes. material$ or devices''. 

12. lie* 'Yolk City  OePartmant Of City Plaaning, Boik  011 F a c i l i t i e s  i n  Sew York City. ? Lafayertr  S t . ,  lieu York, 
!I% YarX 15307, August 1581. Contains N Y C  Fire Department regulation7 f o r  storage woks. 
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I Table9 

. to  prevent 
inhd1ation O f  
tox ic  or v o l a t i l e  
mwrs 

. t o  prevent 
sprimd Of 
f i r e  

SOCIAL K ECCWYlC 1WAClC 

.wb$tdnce stored 
f a c i l i t y  de9ipn 
s i t e  drainage 

.rubstance i t w e d  
f a c i l i t i  design 
type of h a b i t a t  

l ~ p i c a l  5eparation oistances 

.special  a t l e n t i o n  should be given t o  
f a c i l i t i e s  locdtcd within 150n (500 f t l  
O f  water supply wells or where the  
rearonally h i  h grmndwatel tab le  1s 
within 1.3 ni ?5 f t )  from the  hotton O f  

.facilities IhoUld be located 
out r ide  aquifer recharge area%. 

s p e c i a l  s p i l l  or lesk control prdc t ices  
Ihould be apolied to f a c i l i t i e s  located 
within 150 fl (500 f t l  af surface xilters 
or  where Contamindntl La10 enter I t o m  
drains OP $ewer$ (Note 1). 
Tanks should preferably be located o u t r i d e  
Of the  5UO.year i loodpldin area and. a t  a 
mininun. outs ide  o f  the 100-year floodpldin 

a storage tank (Note 1). 

area (Nntes 2.31, 

. ~ t o p i ) g e  f a c i l i t i e s  Lhoald be avuided i n  the  
proximity Df wet lmds ,  scenic. and.uniqoe 
h a b i t a t  area l ,  espec ia l ly  those 4 t h  o f f i c i a l  
designation. Minimum reparation nay range 
iron 20 m to 1 Rn (50-3800 7,) (sole 3).  

.population should be evawated  iron a s p i l l  
s i t e  10 diriancen rangin from (10 PP to 8 km 
(30 f t  t o  5 cil (Note 4 9 .  
Particularly s t r ingent  r p i l l  control designs 
chould be agplied lo f a c i , l i t i e s  located near 
denre or nomobi le  population centers 
( h o i p i t a l i .  wrring homer. ~ ~ h o l i .  etc.) 

. the O i i t a w e  from d wooden I ~ W C L Y W  t o  
t i e  mol edge of a potent ia l  s p i l l  of 
f l a m a b l e  l iqu id  should ds greater than 
1 t o  5 tines the  poten t ia l  s p i l l  radius 
#/h,. A, j..".. ",. 
Contu iwrs  h d d i o g  i g n i t a b l e  ov r m t i v e  
ba2ardour waIICI wIt be located a t  l e a r t  
15 /p ( s o f t . )  f ion Ihe f a c i l i t y ' s  pmperty 
l i n c  (Note R I .  

l e s s  than 3m r? (1000 it.) frm 1 ~ ~ 0 1 s  and 
t m s p i t t l s  artd not l e s s  t h a n  71 n (250 ft.1 
frm public mrkr and r e r i d e n t i a l l y  zoned 
land lime 12). 

.fih@ve ground taqks Ihould be located not 

. d h o w  grmnd tanks should be located a 
ninimwn of l/Z to  4 tiiner the  tank diameter 
fmm the  neaiest property l i n e  (1ioi.r 5 ) .  
Underground sank$ I h w l d  be located 3 
r in inun  o f  1 1 8  (3  f t l  frm the  n e d i e i t  
property l i n e  (NOIE 5). 

.above ground tanks should be located mrt lerr 
inan 1U to Go 0 (30-130 i t )  from publ ic 
highways (llate 3). 

sori type 
f a c i l i t y  deriqn 

. I Y D I ~ ~ c ~  s tored 
f a c i l i t y  d e r i p  

.Laroe above arourid tanks O f  flanmable 07 

25 

i x p i a r i &  k i e r i a l r  should be loc i ied  not  
l e i5  than 300 m (1000 f t l  fmm e x i t s  and 
entrances t o  tunnclr lhiahwav. I Y O W ~ Y .  
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Fiyre 11 presents recommended separation distmes bedrock, depth to water table, and water table gradient. 
from water supplies derived from the LeGrarld Analysis. Where the distances contained on Fi,we 11 cannot 
T h e  mitigating effects of distance depend upon the be maintained, it is especially important that the LeCrand 
sensitivity of the aquifer and the contaminant’s hazard Analysis be conducted m d  that special precautionasy 
potential. These recommended sparation distances features be included in the facility design; see chaptes 3 
should be used as a guide tempered by expert advice from and 6 ofthis Manual. 
a hydrogeologist and data on soil permenbfity, type of 

Figure 11 

Recommended Separation Distances 
from Water Supplies 

1 

LOW I 

Note: Derived from LeGrand (1980). Serious contamination of water supplies is not 
likely to occur from a leak or spa  if the separation distances above are maintained. This 
figure was prepared for conditions where poorly permeable (solid) bedrock exists. For 
fractured or permeable bedrock, separation distances should be greater. It is 
recommended that the entire LeCrand Analysis be conducted to assess sound water 
contamination potential. See Appendix E. 
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Table 10 lists isolation and evacuation distances 
recommended by the US. Department of Transportation 

spius of volatile substances (Reference 4, Table 8). 
range in distances illustrates that some chemicals have 

more hazardous properties than others. Also,the distances 
Wed are merely suggested, and common sense must 
prevail in any particular situation. For example, if a 
hazardous material cloud travels between several tall 
buiIdings or down a valley, the cloud may affect people 
much farther away than is specified in the Table and the 
evacuation distances should be increased in the downwind 
direction; if a fne begins io invulve the spill material, the 
poisonous effect of gases on the population may be 
reduced considerably, asmay the evacuation distulces. On 
the other hand, if undamaged containers are involved in a 
fire, their potential for fragmenting would require iso- 
lation in all directions for one-half mile. On-site as- 
sessments may didate distances which are more or less 
thzn those suggested in the Table. 

c) 
Table 10 1 
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For communities and developers (project sponsors) 
wrestling with a need to  store hazardous substances, 
asking the right questions and collecting relevant sup- 
porting information is essential to .the proper siting of a 
facility. Questions such as the following should be ad- 
dressed: 

oDoes Ihe proposal .conflict witkneighboring land 

s Wat are the hazards and dsks of storing a particu- 

e How well can the health and .safety of t h e  public be 

o w e r e  wil l  the substance go if,there is awaccidental 

uses? 

lar substance? 

protected? 

spill or leak at the site? 

These and others will guide the process of project 
review and may ,point out specific areas of concem 
requiring further investigation. See -the Initial Project 
Review Fact Sheet which is reproduced below. For 
example,ifthere is a potential for contaminating a ground 
water aquifer that is used as a drinking water supp1y;then 
.it would be appropriate to look-at this particular concem 
in detaiL 

Local officials may wish to expand or.revise this list 
, of quesiions to  address specific local issues, or they may 

use the “short” .Enviromental Assessment Form adopted 
from the New York State environmental impact statement 

. procedures. See Appendix C. This “short form”.provides 
initial guidance on information needed for minor.projects. 
A ‘long form” has been prepared as an information 
checklist for major projects. This “long form” is available 
from the Office of Regulatory Affairs, N Y S  Bpartment 

-. -of Environmental Conservation, 50 wolf Road, Albany, 
NewYork 12233. 

DATA COLLECTION RESPONSIBILITY OF PROJECT 
SPONSOR 

Before focusing on specific infomation needed to 
address these questions, it is important at the onset t o  
distinguish between the roles of local officials and the 
project sponsors in the collection and use of data. In 
general: 

o local officials should quire the project sponsor to 
gatber the necewry data, and zssume responsibility 
for evaluating alternatives and a s  posed by the 
proposed storage facility. 

e local officials should review data and findings for: - 
~ completeness 
-sufficiency (does it address the questions and 0 issues?) 

- validity (she the data and f m d i n ~  valid and cm 
they be substantiated OK supplemented?) 

S p e s  of Data Needed 

The following data must bcobtained for evaluating a 

e project data ~ to  provide an understanding of the 
proposed project and its component paris 

e land useand natural resource data - .to provide an 
understanding ofthe physical setting of the site and 
any land use or environmental constraints 

B sociwconomic data - to identify impacts on public 
safety, cultural resources a3d economy 

e public value, attitudes and concerns - to provide 
information on public views toward the proposed 
facility. 

proposed storage facility: 

Project Data: ‘Materials:stored, and method of storage 
are most important if the .fundamental questions discussed 
at the beginning of this Section are to be addressed. The 
project sponsor and public official will need the following 
information. 

8 project name 
o applicant.name, address, and phone number 
m proposed site map (showing project. boundaries, 

nearby buildings, roads, waterways, etc.) 
o types, volume and throughput of substance stored 

(including information on toxicity, flammability, 
reactivity and chemical compatability with storage 
tank, pipe and valve materials) 

c methods of storage 
o.proposed safety measures. 

Land Use and Natural Resource Data: Data on land 
uses and natural resources proximate to the  sfte of the  
proposed storage facility should be collected. This may 
‘involve field sunreys (where appropriate) and mapping of 
both the physical characteristics of the site and-the other 
natural.resources information: 

e land use inventory 
-zoning districts 
-transportation comdors 
-utilities (in place) 
p location of parks, hospitals, apartment build- 
ings, fue stations, residential areas, schools, etc. 

- previous uses of site 
-historical and archeological features 

B physical site characteristics 
-soils and related development .constraints and 
potentials (soil depth, soil erodibility, soil 
structure, soil wetness, soil percolation and 
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permeability, soil corrosivity and slope) 
~ surface bedrock and geology 
-depth to  ground water - aquifer recharge areas 
-highly permeable aquifers 
- distance from drinking water supplies 

D natural resources features 
-major vegetative types 
~ d i t a n c e  to surface water and wetlands 
-floodplains and areas of tidal inundation (in- 

cluding floodplains not identified on maps of 

the US.  Department of Housing Sr Urban De- 
velopment) 
. fish and wildlife habitat 
-rare or endangered plant and animal species 
-areas of scenic and aesthetic quality 

These are examples of relatively hard data which can 
be measured or physically identified and?oczted on maps. 
Prior uses of the land are often overlooked. There have 
been cases where underground steel tanks have been 
placed in abandoned landf i s  that had been used to  

I n i t i a l  Project Revi'ew Fact Sheet - Hazardous Substance Storage Fac i l i ty  S i t ing  

 ADD^ i cant S i t e  
Name:- Name: 
Address: Address: 

Phone: Phone: 

Attach map showing project boundaries, buildings, roads, water bodies, and water supply sources. 

Brief description of f a c i l i t i e s :  
Substances t o  be stored: 
Volumes 
Describe spec1 a1 precautionary des 1 gns- 

1. 
2 
3. 
4. 

5. 
6. 

Will the project  include the s torage of hazardous substances? 
Is the proposed s i t e  located i n  a predominantly resident ia l  area? 
Is the proposed use compatible w i t h  exis t ing land uses o r  zoning regulations? 
Is there a possible negative impact on the  property values of neighboring lands 
includina visual and aes the t ic  imoacts? 
Glill the;e be a pos'sible negative' impact on future  economic growth and ac t iv i ty?  
Will a f a i lu re  of the s torage,  t ransport ,  o r  pumping of the s tored substances cause 
one o r  more of the following problems: 
-create  a potent ia l  public health problem? 
- r e su l t  i n  the  release of toxic fumes o r  gases? 
-increase the r isk o r  potent ia l  f o r  f i r e  o r  explosion? 
-cause corrosion of on-site o r  of f - s i te  f a c i l i t i e s ?  

7. 

8. 

9. 
10. 
11. 

12. 

13. 

Would the discharge of hazardous materials from the project  s i t e  po ten t ia l ly  
impact any surface water bodies? 
Is the proposed s i t e  w i t h i n  the drainage area of surface water bodies used as a 
source of potable, agr icul tural  o r  industr ia l  water? 
Is there  the potential t o  contaminate the groundwater below the s i t e ?  
Is the underlying ground water aqui fe r  used as a water supply source? 
Will the proposed f a c i l i t i e s  be i n  compliance w i t h  S ta te  and Federal regulat ions 
regarding the preparation of Spi l l  Prevention Control and Countermeasure p l a n s ,  
contingency plans, e tc .?  
Have the police & f i r e  departsents w i t h i n  the area of influence been contacted 
concerning secur i ty ,  f i r e  protect ion,  t r a f f i c  control and other operating issues? 
Is there  a par t icu lar  need f o r  s i t i n g  the f a c i l i t i e s  a t  the proposed location 
which cannot be sa t i s f i ed  by a l t e rna te  s i t e s?  

- 
- 
__. 

___ 
- 

__ 

- 
___ 

I 'i Suggested Rating Cr i te r ia  

Desirable -The e f f ec t s  of project  implementation a re  c lear ly  advantageous and would great ly  
benefi t  the goals and objectives of the community. 

Acceptable-There i s  a l i t t l e  likelihood tha t  the project would great ly  influence cornunity 
goa ls  and object ives .  Measures t o  mitigate  such problems a re  readi ly  available. 

Uncertain -There i s  indication t h a t  the  project may have some negative influence on community 
goals and objectives. Measures may be avai lable  t o  mit igate  these problems. 

Undesirable-There i s  a high l ikel ihood tha t  the project  would have s ign i f i can t  negative 
a f fec ts  an cornunity goals and objectives. Measures t o  mit igate  these problems 
are  not  available. 

30 



' disPose of highly corrosive materials such as cinders. 
Storage facilities have also .been placed over agricultural 
tile drains which have discharge points directly to  environ- ~. 
mentally sensitive areas. 

easily measured or .identified. For exam,ple, land use 
.trends, public acceptability 0f.a project, the probability of 
obtaining a zoning variance or special use permit if re- 
.quired, political interactions, as'well as expected effects 
on public health, community economics, and .aesthetic 
concerns, are examples of intangible or "soft" data. It 
takes a genuine feeling for and knowledge of the.charac- 
.tenstics of the community and the individuals in key 
positions within the community to be-able to evaluate 
these factors. The difficulty in suantifying these factors 
.make them an imprecise part of a site evaluation. 
However, as difficult as they are to  measure, these data 
must be @en consideration together with the hard data in 
the-evaluation of a site's suitability for storage ofhazard- 
ous substances. 

Determining the economic effects on a community 
(such as tax 'rate changes, employment, primaly and 
secondary spendtng in the private sector, new public 
revenues or expenditures) resulting from the development 
of any project requires a variety of data and may include: 
capital cost of the facilities, demands of the project on 
community services (fire and police protection, water 
suppl,y, wastewater treatment, -etc.), new income gener- 
..ated by the -project, commercial and housing needs 
of project employees, etc. Evaluating economic data 

ows local officials to determine the-benefits that may ..' be derived .from .a project and  compare them with the 
expected costs. 

Public safety and emergency response needs should 
.also be studied. Law enforcement and &e officials should 
specify .safety needs and reguirements such as separation 
distances, 'evacuation procedures, and spill and fxe re- 
sponse.contingencyplans. - 

pllblic Attitudes .and Concerns: The attitudes and 
concerns of the general public are even more difficult to 
assess than socioeconomic.€actors, yet they a e  crucial in 
determining the acceptability of a site. Community 

.leaders a e  usually aware of public attitudes toward 
specific types of facilities, and.adjacent landowners may 
be in the best position t o  know about unique conditions 
at a propo=d site which wiU be important in determining 
the site's overall suitability for the storage of hazardous 
substances. 

Sources of information 

Agency Reports and Plans: Local officials and project 
sponsors who will be storing the hazardous substance have 
the responsibility and, indeed, the obligation to obtain 
and analyze all pertinent information about a proposed 

.and the factors which may affect the siting de- 
sion. 

Due to the potential .short- and long-term  dangers 
that might result from accidental spills of hazardous 
substances, public officials need to utilize avariety of data 
resources .available to them. Appendix D lists many of the 
Federal, State, and local government agencies where data 
may be found. See, too, Figure 12. For instance,' 
published soil surveys, generally available on a countywide 
basis, from the US. Soil Conservation Senice, contain a 
wealth of pertinent reconnaissance information which can 
be used for .site screening or for desi&g the detailed 
soil study at a specific site. The soil surveys include not 
only information on soil types but also data on character- 
istics of the soil @ermeability, corrosi%<ty, erodibility, 
etc.), probable depth to  the ground water table, and depth 
to bedrock. This information i s  important in estimating 
the rate of corrosion.and longevity of an unprotected steel 
tank or underground piping. It must be noted, however, 
that data obtained from soil surveys or other reports, such 
as countywide land use wetlands or inventories, will need 
to be .augmented by precise site-specific information. 

Countywide land use development plans are a usefd 
sousce .of information. These plans provide the basis for 
evaluating projects for consistency with the goals and 
objectives of a community. Useful plans include: 

0 county and'local land use plans, Zoning ordinances 
and subdivision regulations 

0 economic development plans 
o county environmental plans 
a natural resource management plans 
e agricultural district plans 
8 open space management plans 
6 state (and local) outdoor recreation plans 

Figure 12 

Information Sources Available 
to the Local Official 

( LOCAL ) 
OFFICIAL 
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e plans for housing developments 
e air quality implementation plans 
o transportation plans 
o utility plans 
o solid waste management plans. 

County ani regional planning., departments, 
county environmental management councils, and 
city, town or village conservation advisory councils 
are valuable sources of information and technical 
assistance 

I 

Field Surveys: At a minimum, all the people evalu- 
atiig the project should visit the site to see conditions 
fmthand. Often, potential problems are not recorded on 
available maps and reports but are readily observed by 
field investigation. Data gathered through field work, such 
as soil boring, resistivity studies, well drilling and so 
forth, provide the best information for use in a site 
evaluation. The concern over public health and safety or 
environmental protection usually dictate that site-specific 
data be utilized. 

Public Participation: There remains another source of 
information which should not be overlooked. There is no 
substitute for public.participation.includig direct person- 
al contact with those persons who have specialized 
knowledge either about a specific site or about a general 
area of concern such as land use trends in a given munici- 
pality. Often, t h i s  information is paramount in the site - .  
evaluation process. 

In addition, the staffs of Federal, State, or local 
government agencies may have access to pertinent but 
unpublished data that might be helpful. Public officials 
and project sponsors should use a variety of methods to 
obtain the participation of the public to gather infor- 
mation; personal contacts with local people are often the 
only way that some data wiU ever be brought to light. 
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Section 6 
EPSK-ASSESSMENT METHODS 

1 . :  :. ~ 

. ,Several analytical tools can be used to assess the risks and 
the potential environmental impacts of a proposed storage 
facility. These are: 

o LeGrand Analysis 
e soil cormsivity assessment 
o method for predicting life expectancy of steel tanks 
0 models for predicting environmental fate 
o health risk assessment. 

LeCRAND ANALYSIS 

The LeGrand Analysis ispresented in detail in Ap- 
pendix E. It  is a useful, relatively simple, and practical 
.method for evaluating the lisk of ground water contami- 
-nation when determining suitability of a,proposed storage 
site. It can be used for evaluating any site and any 
substance-which could contaminate ground water. It may 
be used forscreening and selectiigthe best and worst sites 

.. from among several alternatives, or it may be used to set 
inspection prioritiesamong facilities which are already in 

. -place. Factors which are considered in the analysis in- 

, 

. 
. 

clude: a. . 0 mound waterhvdrolow -. 
B hazard level of kemi&l .to be.stored 
0 aquifer sensitivity and .importance as a water - supply. 

Sites evaluated using,theLeGrand procedure receive a 
grade of A through F. Sites r e c e i ~ g  a grade of A are 

. most.suitable for storing hazardous substances: For these 
:.- sites, the risk of ground water contamination is low. 

.Sites which receive a grade of F are poorly suited for 
storing hazardous substances; the risk ,for ground water 
.containinafion is high for these sites. See Table l1. 

One advantage of the LeCrand Analysis is that it can 
be performed with data which are normally available, 
although site-specific field data increase reliability and 
confidence in the answer. Data requirements include 
project data, wbich would be provided by the applicant; 
site data, available from area soils reports; and chemical 
characteristics of stored substances. For most siting 
proposals, the analysis requires 2 to  30 man-hours to 
complete. Local officials and project sponsors can draw 
upon private consultants with expertise in this area or 
upon engneering or planning staff availzble through 
the county. Also, Environmental Management Council 
staff members, particularly those having a geology 
background, usually have the skius t o  perform the 
LeGrand Analysis. 

Table 11 

LeCr;ind Site Suitability Chart 

Grade Sui tab i l i ty  Potential 

Groundwater 
S i t e  Contamination 

A Excel 1 ent LOW 

6 Good 

C Somewhat Moderate 

D Poor 

F Very Poor High 

Inadequate 

The LeGrand Analysis provides useful 
information upon which to base a Siting decision. 
However, the NYS Department of Environmental 
Conservationstrongly recommends that l y a l  officials 
and developers seek professional advice in performing 
the analysis, especially where doubt exists about the 
adequacy or accuracy of the data available for input 
t o  the LeGrand Analysis or where the possibility 
exisrs that a ground water aquifer sening as a source 
of drinking water may be affected. 

SOIL CORROSIVITY ASSESSMENT 

Studies of soil corrosivity provide valuable infor- 
mation on the suitability of sites for underground steel 
pipes or steel storage tanlis. Corrosion of steel is a physi- 
cal-biochemical process that converts iron into its ions. 
Before corrosion can take place, soil moisture is needed t o  
form solutions of  soluble salts. Any factors that Wuence 
the soil solution, such as soil texture (clay/sand/gravel), 
moisture content, conductivity’of the soil solution, soil 
acidity, oxygen concentration, and the activity of organ- 
isms capable of causing oxidation-reduction reactions, 
influence corrosivity. 

Reconnaissance infomation on corrosivity is availa- 
ble from modem soil surveys. Usually, those data should 
be supplemented with site-specific resistivity surveys 
which measure the resistance in the soil to the flow 
of electrical current. Resistivity surveys usually cost a few 
hundred dollars to perform. Once such surveys have been 
made, the soils can be assigned to one of Eve classes o f  
corrosivity, as noted in Table 12. 
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Analysis of soil corrosivity requires interpretation of 
soils information by a qualified soil scientist or soil 
engineer. County Soil and Water Conservation Districts 
are a logical place to make i$tial contact for obtaining 
assistance. 

Table 12 

Classes of Soil Corrosivity 

soil Soil Charac- Resistivity 
Corrosivity te r i s t ics  (Ohm-centimeters) 

- 

Very low Well Drained 10,000 
Gravel I I 

I Well Drained 5,000- 
Sand & Gravel 10,000 I 

I Medium Poorly Drained 2,000 - 
Sand & Gravel 5,000 

High  Poorly Drained 1,000 - 
Fine sand and 2,000 
si1 t 

C1 ay 
Very High ’ Poorly Drained Less than 1,000 I 

I I 

PREDICTING USEFULLIFE OF STEEL TANKS 

The American Petroleum Institute (MI) sponsored 
research which lead to  the development of a method for 
predicting when a leak will occur in an uncoated, under- 
ground steel tank. With data on sulfide Ievel, soil resistivi- 
ty; pH, soil moisture, backfd material, and tank size, the 
API method predicts to within a year when a tank le& 
will occur. The cost for the analysis ran@ between $300 
and $500 per site. 

The question is not: will an uncoated, 
underground steel tank corrode? Rather, the 
question is: When wi l l  it corrode? Analysis of soil 
corrosivity can provide the answer. 

MODELS FOR PWDlCTiNG ENVIRONMENTAL FATE 

Once released into the environment, a contaminant 
may degrade, persist, disperse, bioaccumulate; or, it may 
even cycle and spread from one environmental media to 
another, such as from water to air, to land, to living 
organisms; it may cycle from organism to organism 
via the food chain. Scientists are just beginning to under- 
stand these phenomena and are on the frontier of de- 
veloping complex ecosystem models allowing prediction 
of environmental fate, transport, and bioaccumulation. 

A number of pollution transport models have been 
developed. These allow prediction of the movement of 
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chemicals in the environment, particularly their flow and 
dispersion in surface and ground waters. The WALRAS 
(Water and Land Resources Analysis System) is one such 
model that can be used to analyze potential ground water 
pollution problems. The cost and time requirements 
for this analysis are greater than for the LeGrand Analysis. 
It can be used with available ground water and land use 
data to determine water and materials budgets. Given the 
poslibility of a spill or leak at a site, an analyst can 
predict the probable distribution of a contaminant, the 
degree of contamination, and the duntion of contami- 
nation. Information about WALRAS and its uses may be 
obtained from the Water Resources Program at Comell’s 
Center for Environmental Research, 468 Hollister Hall, 
Ithaca, New Yo& 14853. 

Some chemicals can build up on the tissue of 
animals and man. Such a bulldup is cqlled bio- 
accumulation. 

i 1 

Other transpolt models have been developed for 
modeling surface water s p a  movement and ground water 
flows. Investigators in the United States Geolo@cal Survey 
(USCS), in particular, have developed sophisticated 
models which require a considerable amount of data and a 
highly skilled, interdisciplinary team. of researchers. These 
models and the other data-intensive models for predicting 
the environmental dispersion of a chemical contaminant 
are expensive to use and would normally be justified only 
when the less complex methods (LeGrand Analysis and 
WALRAS) are considered unsatisfactory or insufficiently 
precise. Such complex methods are appropriate for large 
controversial storage proposals which would threaten 
major drinking water supplies. Further information 
about some of these models and how they may be used in 
studying ground water contamination problems may be 
obtained directly from the USGS OL by contacting the 
Department of Environmental Conservation. 

HEALTH RISK ASSESSMENT 

Local decision-makers may wish to examine and 
consider the potential risks to human health associated 
with hazardous substances entering drinking water 
supplies from spilts and leaks, One major obstacle in 
messing 2 health risk stems from the difficulty in quan- 
tifying rirk. To date, risk factors have been calculated 
only for carcinogenic compounds. These risk factors are 
determined through epidemiological studies, animal 
studies, and through statistical analysis, usuaUy at great 
expense. 

Numerous other toxic effects beside carcinogenic 
effects can be produced by exposure to chemicals 
(teratogenic effects, mutagenic effects, polyneuropathy, 
central nervous system disorders, liver damage, blood 



disorders, and many others). S o  .far, :no .numerical ex- 
pression for risk has been developed .which can relate the 
~probabikity of predicting these types of .adverse effects 
mth a dose (Kim.and Stone, 1981). a-.  In considering the potential health risk of a hazardous 
substance, the chronic effects of lifetime exposure o f  the 
.public to -a hazardous substance .must be the primary 
concern. A &ronic toxic effect is defmed as an injury 
that pexSsts because  it is ineversible or progressive or 
became the rate of injury is greater.than the rate of repair 
 during a prolonged exposure period. The New York State 
.Department of  Health has summadzed the cancer risks 
f rog  chronic exposure to various hazardous chemicals in 
drinking water in which.an.intake of two liters of water 
(about .two quarts) per day .would. produce one excess 
cancer death per lifetime .for .a population of 10,000. See 
Table 13. 

To evaluate the potential health risk of any of these 
chemicals in relation to the siting of astorage facility, the 
LeGrand Analysis may be.used. See Step 7 and Table E8 
.in Appendix E. It may be assumed .that all chemicals 
.included in Table 13 wiU range between 7 and 9 in hazard 
-potential ranking. The assessor must use personal 
.judgment in assigning a specific.ranking within thisrange. 

Table 13 

Risk of Cancer 
(1 death in population 
of 10,Ooo) 

Chemical 

Aldrin 

Benzene 

Carbon tetrachloride 

Chlordane 

DOT 

Dieldrin 

Kepone 

Mirex 

Parathion 

Concentration 
( i n  parts per 

0.3 

4.0 

450.0 

3 .2  

4.0 

0.3 

1.0 

9.2 

4.5 

bil l ion)  

PCB 16.0 

Tetrachloroethylene 220.0 

l,2,2,-Trichloroethane 

Trichloroethylene 

Vinyl Chloride 

46.0 

460.0 

110.0 

Source: K i m  and Stone (1981). Ingestion 
concentrations, which will cause one 
additional death per population of 
10,000 a re  given fo r  85 compounds. 
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Section 7 
EVALUATION AND DECI§,IION 

ALTERNATIVES 

The preceding sections of this Manual address the 
problcms which can occur with hazardous substances and 
the practices that can be employed to assure proper 
storage. Technical and socioeconomic factors that should 
be considered in the siting of storage facilities and several 
techniques for assessing risks were also discussed. This 
section provides a decision-makiig . framework within 
which to asses the overall suitability of a storage site; it 
also examines the need for coordination and discusses the 
decision alternatives available to local officials and the 
project sponsor. 

DECISION FRAMEWORK 

Overall, the siting decision should consist of a several 

@Collect data on the proposed facility and sur. 
rounding environment. Section 5 identifies requisite 
data needs for the siting decision. 

o Defme all potential risks. Section 6 provides risk 
assessment techniques by which data can be used 
and analyzed. 

o Defme available engineering approaches and miti- 
gatiig measures. Section 3 identifies the kinds of 
storage systems that are available and identifies 
precautionary measures that may be adopted to 
prevent leaks and spills. Section 4 provides sepa- 
ration criteria that can be used in the sitingdecision 
which will help to mitigate the effects of an acci. 
dental spill. 

a Make risk assessment decision on suitability of the 
site, and require engineering controls based on tech- 
nical, environmental, socioeconomic, legal 
(program) requirements and political consider- 
ations. The siting decision should properly weigh 
factors considered in the evaluation. For example, 
service stations of necessity must be located on 
roadways and in areas of high traffic density. Any 
siting decision based solely on risk of environmental 
damage fails to  also consider the dictates of the 
market. A desirable business location may also be 
a high risk environmental site. The siting decision 
should be made only aftei precautionary s p a  and 
leak prevention designs and mitigation measures 
have received full consideration m the overall 
risk assessment. 

step evaluation as follows: 

a 

0 

COORDIMATfON OF REMEW PROCESS 

State Environmental Quality Review Act 

The State Environmental Quality Review Act (SEQR, 
Environmental Conservation Law, Art. 8) provides an 
excellent mechanism for reviewing a proposd project and 
for coordinating the review among local afficials, the 
project sponsor, other agencies, and the public. SEQRwas 
enacted to  encourage. review of environmental impacts 
concurrent with the planning,.review; and decision-making 
process of state, regional and local agencies. To ac- 
complish this goal, SEQR requires that all agencies de- 
termine whether the actions they approve, fund, or 
undertake have an impact on the environment. If it 
is determined the action may have a significant impact, 
the agency must prepare (or request the project.sponsor 
to prepare) an environmental impact statement @IS). The 
EIS is a concise document on the project and its enviion- 
mental impacts which is distributed for review and 
comment to those who. have .a stake .in the project's 
implementation. 

With respect to any action such %.the siting of a 
facility for. the storage of hazardous substances, a local 
agency must take five. basic steps under the SEQR law. 

1. Determine if the action is subject to.SEQR, if it,. 
is not, no further steps are necessary. 

2. Detemine if the. action may have a significant 
effect on the environment. 

3. Prepare (or have project sponsor prepme).a DraR 
EIS; circulate it to any concerned. agencies and. 
citizens, and, possibly hold a public hearing. 

4. Complete. a Final EIS which addresses the 
comments received, and circulate it to  concemed 
agencies and citizens. 

5 .  Make She. decision 0n;whethe.r or not to approve 
the action.. 

What is an EIS? 

An environmental impact statement @IS) 
provides a tool forlocal officials and project sponsors 
jointly to examine the suitabiliq of a proposed site 
and methods of preventing contamination of environ- 
mentally sensitive areas. An EIS usually; 

o describes the proposed project 
Q inventories adjacent environmental,resources 
o discusses short- and long-tern impacts 
e lists unavoidable impacts 
D measures commitments 
B examines methods for lessening or mitigating 

environmental impacts 
B lists growth-inducing aspects of the project. 
m provides alisting of supporting documents 

More information on SEQR may be obtained from 
the Division of Regulatory Affairs, New York State 
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Department of Environmental Consewation, 50 Wolf 
Road, Albany, New York 12233. The reader is directed to 
Environmental Impact Assessment (Canter, 1911) for 3 
summary of over.40 di€ferent evaluation procedures that 
may be adapted for use as a site evaluation procedure. 

Cootdinationwith Federal and State Programs 

Many proposed storage projects are subject to ex- 
-isting Federal and State regulatory programs that control 
the transportation and handling of hazardous substances: 
major programs are listed in Table 14. Local Officials and 
project sponsors should be aware of them. 

However, local officials should not be misled by 
Federal and State programs into thinking that no'further 
control is necessary by their actions. Although Federal 
and State programs are important elements, their scope is 

limited, and they cannot address the details of each 
proposal for hazardous substances storage that every 
municipality might receive. Local officials, therefore, 
must take charge of siting details. 

Many types of projects, including construction of 
bulk storage facilities, are frequently subject to inter- 
governmental review and consistency requirements. Local 
officials, therefore, should be aware of regulatory and 
permit review requirements of agencies and programs that 
might be applicable to the siting of a storage facility. They 
should notify project sponsors of possible Federal and 
State requirements. To %he extent that such requirements 
are applicable, local officials should attempt to coordinate 
their review with the appropriate agency(s). Table $5 lists 
the types of permits or approvals commonly administered 
at the various levels of government for which interagency 
coordination might be required. Appendix F briefly 
describes each of the program requirements. 

Table 14 

Major Federal and State 
Requirements for 
Storage and'Handling of 
Hazardous Substances 
Federal 

- C1ea.n. Water.qctSSection 3.12 directs EPA t o  develop regulations which designate substances which, when 
discharged to  the nation's waters, may affect  natural resources o r  which present inminent or substantial 
danger t o  the public health and welfare. I t  i s  the intent of t h i s  Section t o  establish regulations designed 
t o  promote .improved practices for the management and movement of hazardous substances. 

SPCC Plans (40,-CFR 112) - The U.S. Environwntal Protection Agency requires any person w i t h  above ground 
storage of o v e r m l o n s  of petroleum to prepare and keep on the premises a sp i l l  prevention control 
and counteneasure plan. Containment dikes are also required. 

77i7?rtation pf Ha;ar$ous Materials (40 CFR 171-177) - The U.S. Department of Transportation se t s  
stan ards fo r  packaging, t a d ?  G r r ' E d T a ~ g 7 T i F Z r d o u s  materials. 

New York Sta te  

Fire Prevention Code (96 NYCRR)  - The Department of State has prepared a code for the storage and 
~ ~ 8 - f f a m % b ~ e  substanies. The code i s  administered and enforced by local units o f  government i n  
the same manner a s  the NYS b u i l d i n g  and construction code. 

'Hazardous #a te r ia l s  Reportinq (Gf4. 209-u) - In 1980, the Legislature passed a law that requires anyone 
who has purchase3 f i r e  insurance t o  report t o  local f i r e  chiefs the amount and location o f  hazardous sub-  
stances . in  storage. 

SPDES Permits (Article 17 ECL) - T i t l e  8 of Article 17 of t h e  Environmental Conservation Law requires 
TEEGGtk?&t-d' E h v i % r k m m  Conservation t o  .set l imits and issue permits fo r  the discharge of 
pollutants (including hazardous substances). 

Bulk Storaqe o f  Hazardous Liquids - Concurrent w i t h  the preparation of th i s  s i t i n g  manbal, the Department of 
EnvirDnmental Conservation i s  preparing a code o f  practices f o r  storage and handling of hazardous l iquids.  
Other standards and leoal measures which will aid i n  the Drevention and control o f  leaks and s o i l l ?  are a l s n  ~r . .. .. . _. _ _  ~~ ~ 

under consideration. 
o f  hazardous substances. 
t o  assure corpliance w i t h  these requirensnts. 

iany leaks and sp i l l s  can be prevented by complying with DEC's code on storage 
Owners of storage f ac i l i t i e s  and local authorit ies should work i n  concert 

Petroleum Liquids, Storage and Transfer (ECL Article 19) - Sections 19-0301 t o  19-0303 of the 
Cnvironmental Conservation Law requires a vapor recovery System for the handling and transfer of 
pPtroleum products. 

Licensing of H a j o r  Oil Storage Fac i l i t i es  (Article 12  Navigation Law - Article 12 provides cer t i f ica t ion ,  
l icensing, and jo in t  inspection of maior o i l  Storage f a c i l i t i e s  by d E C  and DOT on a n  annual basis. 
Article 12 also contains provisions'-E7a State Spill Cleanup Fund supported wi th  license fees and 
penalties collected. 
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In many instances where a project may be reviewed 
by more than one agency, procedures have been de- 
veloped to coordinate and facilitate this review. For 
example, New Yo& State's Uniform Procedures Act and 
its implementing regulations (6 NYCRR 621) specifically 
allow for the simultaneous review of programs admin- 
istered by the DEC. Other regulations at all government 
levels, such as the State Environmental Quality Review 
Act, incorporate provisions which seek to minimize 
duplication of effort in the review process. Project appli- 
cants have benefited from these efforts, since less time 
and money is required. 

It is in both the applicant's and the regulator's 
interests to complete the review process in as short a time 
as possible while assuring that the evaluation is sufficient 
for informed decision-making. To satisfy both parties, 
early and open exchanges of information are necessary. 
Holding a preliminary meeting to discuss a proposed 
project, having available data about a project and having 
information about the necessary renew procedures will 
allow the review process to run in a smooth and timely 
manner. 

To Speed the Development Review Process and Save Time and Money ... :.... 
For Project Applicants 

- 
B Take advantage of the many sources of infomation available in preparing the project plans. 
o Try to identifydl the development reviews required for the project before you apply for any given review; 
B Apply for the development reviews early; you could always encounter unexpected delays. 
D If there are options ofwhen you may submit and you are pressed for time, submit fiint those applications 

8 Check withfhe review agencies to deteermine their standards and requirements, and take theminto consider- 

o Try to  meet with the review agencies early in the design of your project to uncover potential problems  before^ 

a Be sure to  conform with the. requirements af the State Environmental Quality Review Act (SEQR), as they 

which have longer review periods or which must be approved asa precondition for other approvals. 

ation in designing yourproject and completing your application. 

you spend a lot of time and money on detailed design. Remember that most review agencies encourage preappli- 
cation conferences,preliary reviews, and sketch plan reviews. 

apply to your project. 

For Review Agency Staff 

a Notify the applicant early about the standards and requirements which apply in review of applications. If 

e Ifyou are aware ofother reviews that will berequired for an application, let the applicant know about.thern 

e If you suspect that there could be problems with an application, encourage the.applicant t o  meet with yowto 

B Be sure to conform with the requirements of the State Environmental Qudity Review Act (SEQR), as they 

o Conduct your reviews expeditiously without sacrificing quality. 

possible, enclose a copy of standards and requirements with the application forms. 

early on. 

resolve such problems before a lot of time and money i; spent on the design of the project. 

apply to an application. 

Source: Guide to Development Permits, Monroe County Department of.Planning, Rochester,NY, January 19M: 
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WOFWNG TOGETHER ON .PROJECT PLANNmG 

Cokepbal Planning Phase 
- 

At the storage facility's .conceptual phase, while the 
,project is still a ,general idea, local officials have the 
opportunity to  work with the sponsor.to obtain the most 
desirable development. In the long'mn, the sponsor will 
Save time and money by getting .guidance on regulatory 
.review early, This is an opportune time to satisisfy the 
,environmental review requirements of SEQR and de- 
termine .if an environmental impact stafement must be 
prepared. The conceptual .and planning phase also .allows 
local officials to identify special concerns such as environ- 
mental resources (say, wetlands or an aquifer) or public 
health and safety concerns (say, a nursing home nearby) 
-that should be considered .in.preliminary site plans. 

Re l i iasy  Site Plan Development Phase 

The project sponsor next formally submits an appli- 
cation and preliminary site plan to local officials for 
approval. This site plan provides the basis for local 
officials to determine what modifications or precautions 
are required in the plan to minimize risk. If a public 
hearing is required, it should be held now. Local officials 
may indicate their intent to impose financial re- 
quirements, such as bonding or insurance requirements. 

Final Site Plan Development Phase 0 
The fd site plan shouldleflect all the modifications 

of the original required by local officials. The final plan 
also should address the concerns and interests expressed 
by the public.at hearings. See Figure 13. 

- 
Negotiating 

The importance of negotiation during each of the 
phases cannot be underestimated. Negotiation is a process 
of resolving differences between parties who have a stake 
in the outcome of an issue. All parties should have an 
opportunity to  express their concerns. The combined 
resources and commitments of a l l  parties often result in 
innovative, creative, and more thoughtful decisions. 
Furthermore, there is often a greater commitment to 
the decision when all parties assist in its development. 

Early on in the negotiations, the negotiable items 
should be identified; in addition, the interests of each 
party must be identified, since they will be different. 
Negotiation is not a contest bur a series of legitimate 
Zrade-offs during each planning phase. It involves effort, 
flexibility, organization, anticipation of actions, and 
timing. Successful negotiation requires that  all parties 0 understand the scope and effect of the proposal. Con- 

Figure 13 

Project Planning P h w s  

Phase I 

Conceptual 

Phase I1 

Preliminary Site Plan 
Preparation 

Phase 111 

Final Site Plan 
Preparation 

structive, business-like relationships should be maintained 
throughout the decision-making process. 

DECISION ALTEFWATiVES 

When handling an application for siting hazardous 
substance storage facilities, local officials Wiu dispose of 
the application in one of the following ways: 

B approval, where the hazard potential is low in 
relation to the site or where appropriate mitigating 
measures are contained in the plan; 

adisapproval, when environmental or land use 
conflicts are too great and no engineering altema- 
tives can adequately mitigate the risk; 

o conditional approval, where siting risks can be 
overcome with appropriate precautionary design or 
mitigating measures. 
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Once the governing body has issued a decision on a stte 
plan, all affected parties have the right to leam the ration- 
ale behind the decision. 

' 

Conditional Approvds 
0 

Conditions which local officials choose to attach to 
site approval might include requirements for close engi- 
neering supervision of design and construction, special 
storage tank site designs or layouts, distance standards 
between the facility and environmentally sensitive areas, 
vegetative buffers, requirements of periodic monitoling or 
safety inspections, restrictions on types or amounts 
of substances that may be stored, development of site 
closure plans, and the requirement of environmental 
liability insurance or bonding. With any siting approval, it 
should be brought home to all paaies concerned with 
construction, operation and maintenance that the facility 
must be in compliance with all Federnl, State and local 
regulatory requirements. If new regulations are adopted 
facilities wil l  be required to adjust their operations to 
conform. 

the relevant data, and present the criteria and rationale 
upon which decisions will be based. 

By becoming aware of the areas of concern relative to 
siting decisions, and by using the suggested procedures 
described in this Manual, local officials will be able to 
control the siting of hazardous substance storage facilities 
in a manner which will protect the public health and 
welfare of the community yet encourage desirable in- 
dustrial or commercial growth within their localities. 

No single formula can be given to guide the siting 
of storage facilities, since there is so broad a range of 
substances for storage, types of communities, 
environmental settings, and 1ocalconcems.The Fmal 
decision must be tailored to address the specific issues 
and concern of the project and the location while 
maintaining compliance with regulatory . 
requirements. 

There are locations where:siting a facility will be 
unacceptable, and no engineering measures could 
reasonably be employed to bring risks within suitable 
limits. 

The role of the building inspector is critical when 
conditional approvd is granted. .The inspector monitors 
the construcrion and operation of the facility to insure.all 
conditions of approval imposed by the governing body are 
satisfied. Failure to  enforce and check could bring dis- 
astrous consequences to the community. 

DEFENDING THE DECISION 

It is important that all the steps of the review, negoti- 
ation, and decisionmaking process be carefully docu- 
mented. In many cases, this information must be 
presented at a public meeting or hearing. Where the- 
outcome will be particularly controversial, it is advisable 
to involve State or county officials and legal or technical 
consultants and to use sound analytical approaches. 
The steps presented in this Siting M a n d  should permit 
local officials to identify the significqt issues, compile 0 
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GLOSSARY 

Above Ground. Refers to storage tanks in which 100% of 
thetank volume j, above h a l  ground elevation. 

AquiferSensitivity. Refers to the likelihood of, and 
degree to which groundwater resources may be con- 
taminated at a particular site or area. 

Asphalts. Black, solid or semisolid bitumens which occur 
in nature or are obtained as residues during petroleum 
r e f k g .  

Atmospheric Tank. A storage tank which has been de- 
signed to operate-at pressures from atmosphere through 
0.5 psig. 

Barrel. Strictly speaking,a statistical measure equalling 42 
US. gallons. Actual barrels (or drums) used by oil compa- 
nies, hold 55 gallons. 

Biodegradables. Compounds that can be degraded by 
microorganisms to normal biologicalend products such as 
carbon dioxide andwater. Biochemical oxidation requires 
an acclimated seed of microorgmkms and dilution of the 
chemical compounds to levels that will not be toxic or 
inhibitory to the microorganisms 

0 Bottom Loading. A method for loading liquid into a.tank 
truck from mound level with a drv disconnecttvue fittine 
which usually incorporates a -sy&m designed zi provide 
overflow protection. This type of loading operation 
eliminates the need for visual inspection of the inside of 
the tank duifgloading. 

Bulkktorage. Materials stored in large quantities which 
are u s d y  dispensed in smaller units for use or con- 
sumption. Warehousiiig of 55 gallon drums, underground 
tanks at gas stations and petroleum/ohemical storage tank 
farms are examples of bulk storage facilities. 

Buk Storage Plant. A terminal where flammable or liquid 
or hazardous substances are received by tank vessel, pipe 
lines, tank car, tank vehicle, and are stored or blended in 
bulk for the purpose of distributing such liquids. 

Bunker Fuel. A general term for heavy oils used as  fuel on 
ships and in industry. It often refers to No. 5 and No. 6 
fuel oils. 

Gatings. Corrosion and chemical resistant materials 
which are sprayed, brushed, or rolled onto the metal 
surfac of a storage .tank. Coatings serve one of two main 
purposes: (1) they protect the metal from attack by a 
corrosive liquid or environment, (2) they protect the eroduct from contamination by corrosion products. 

Collection System, A .series of ,components that collect 
stomwater, waste or spills. Collection systems are used at 
tank farms to collect .spills through a network of pipes, 
channels, sewers, culverts, etc. necessary to transport 
the flow from collection points to slop tanks, retention 
areas, treatment facilities or outfall. 

Combustible Liquid. .Any liquid having a flashpoint at or 
above 100°F and below 200OF. 

Compounds HLghly Toxic To Aquatic Life. Compounds 
that have an LC50 (concentration of materials that is 
lethal to one-half of the test population of aquatic animals 
upon continuous exposure for 96 hrs or less) of less than 
1 mglliter include all compounds classified as X and A by 
EPA classification of hazardous .substances. (See 40 CFR 
117.) 

Containment. The prevention of the spreading of oil or 
other hazardous, materials by ,the placing of booms or 
physical barriers and the use of absorbants, gelling or 
h,erding agents or other materials.to mitigate the effects of 
the spill. 

Containment System. A structure having an impervious 
surface (concrete, asphalt,membrane, etc.) surrounded b,y 
curbs, gutters, dikes, etc. The puFose is to'prevent any 
flow from leaving a defined area. 

Corrosion. The deterioration of a.material, usually a m e t a l  
such as steel, resulting from a flow of electricity from a 
metal (anode) to a positively charged material (cathode) 
through an electrolyte. 

This electroohemical action causes destructive alter- 
ation or.eating away 'of the.metal anode where positively 
charged atoms of metal detach themslves from the solid 
surface and enter into solution, while the corresponding 
negative charges;in the form of electrons, are left behind 
in the metal. 

Anode. A metal electrode from which electric current 
leaves the surface and enters a solution (electrolyte). 
The electricalchemical action causes destructive 
alteration, or eating away, of the metal, typically 
through the process of oxidation. 

CathodicProtection. An electrical process for pre- 
venting corrosion on a wide variety of metallic 
structures which are in electrolytes such as soil or 
water. It operates by passing direct current con- 
tinuously from electrodes which are installed in the 
electrolyte to the structure protected. The typical 
cathodic protection installation consists of a buried 
steel tank which becomes the cathode, and a separate 
"sacrificial" anode, which usually consists of a bar, 
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rod, or wire of metal. The anode is literally consumed 
as electrical current passes from it through the 
electrolyte to the cathode (steel tank). Hence, the 
material which undergoes. corrosion is the sacrificed 
anode; not the steel tank. 

Galvanic Corrosion. Self-generated corrosion which 
results when dissimilar metals placed in the soil 
electrolyte produce electrical currents. Corrosion 
occurs at the anodic surface where current leaves the 
metal to enter the soil electrolyte. 

Electrical Insulation; A nonconductive material used 
for.preventing corrosion caused by dissimilar metals; 
for example, by using insulating couplings to connect 
copper pipe and fittings to steel pipe: 

Electrolyte. A chemical substance either a liquid, 
paste, or gas which facilitates the flow ofelectrons in 
an electric field. Soil and ground water adjacent to 
and in contact with a buried steel tank act as an 
electrolyte with respect to  the electrochemical 
process of corrosion. 

Eleetiolytic Corrosion. Corrosion as a result of direct 
current from outside sources enteling and then 
leaving a particular metal structure by way of an 
electrolyte. Where current enters the .structure, that 
structure is usually unaffected or .is provided with 
some degree. of protection. Where the current leaves 
the structure, corrosion occurs. In underground work, 
this type of corrosion is often referred to as stray 
current corrosion and is.a result of currents entering 
the ground from sources of direct current such as 
street railways or DC machinery. 

! Sacrificialhtectiqn. Reduction or prevention of 
corrosion of a metal in an electrolyte by galvanically 
coupling it to a more anodic metal which l i t e d y  is 
consumed; hence, sacrificial. 

Stray Current Corrosion. Corrosion resulting from 
direct current flow through paths other than the 
extended circuit. Service stations, for example, built 
near cathodic protection rectifiers, factories, or shops 
using DC, or electrified railways or transit systems, 
may experience stray current corrosion. 

Corrosive Material. Any liquid thak causes destruction of 
human skin tissue or that has a were  corrosion rate on 
steel, aluminum or other metallic or nonmetallic 
substance. 

Discharge. Includes, but is not limited to, any spilling, 
leaking, -pumping, pouring, emitting, emptying or dump.- 
ing except those activities'duly permitted .by. any local, 
State, or Federal agency. 

Dispersing Agents. Chemical agents or compounds which 
emulsify, disperse or solubilize oil into the water column 

or act to further the surface spreading of oil slidtsin order 
to facilitate dispersal of the oil into the water column. 

Emulsion. A mechanical mixture of two liquids which do 
not naturally mix, such as oil and water. Water-inuil 
emulsions have the water as the internal phase and oil as 
the external. Oil-in-water emulsions have water as the 
external phase.andthe internal phase is oil. 

Flammable Liquid. Any liquid having a flash point below 
lOOOF as determined by prescribed testing procedures. 

Fl'awn&le Solid. Any solid.material other than explosives 
which is liable to cause fxes through friction, adsorption- 
01 moisture, spontaneous chemical changes, retained heat 
from manufacturing or processing, or which can be 
ignited readily and when ignited burns so vigorously and 
persistently that it createsa serious transpqrtation hazard. 

Flash Point. The lowest temperature at which substances 
give off sufficient vapor to  fom. a mixture which will. 
ignite, under standard conditions. 

Floaters. Materials tbat will float on the surface of water' 
in a spill situation; .all chemicals with solubilities of less 
than 1 percent and, specific pvi t ies  of less than .1.0. 

Fuel Oil Grade. Numerical ratings ranging from L to 6& 
The lower the gradenumber, the thinner the oil is and the. 
more easily it evaporates. A high number. indicates a 
relatively thidt,heavy oil.No. 1 and 2 fuel oils.are usually 
used in domestic. heaters, and the otherj are.used by 
industry and ships. No. 5 and 6 oils are solids wbich  must^ 
be liquefied by heating. Kerosene, coal oil, and rangeoil. 
are .all No. 1 oil. No. .3. fuel oil is no longer used as a. 
standard term. 

Gas(ornaturalgas). Simply s p e h g ,  petroleum in a 
gaseous. state. Natural gas should not be confused with 
motor gasoline, which must ordinarity be refmed from 
crude oil. 

Human Poisons. Those substances ranked a s  Class A or 
Class B Poisons by the Department of Transportation as. 
described in 49 CFR 173 (H); 

LeGrand Analysis. .A procedure  to evaluate the potential 
for ground water cont&ation.at a specific site under 
consideration for the storage of a hazardous substance. 
Evaluation factors include physical site characteristics, 
ground water data; and the hazard. potential of the 
substance that may be stored at the site. 

Liner. Corrosion and chemical reistant materialg which 
are sprayed, brushed, .or applied to the interior of a tank 
to protect the .metal from attack from a corrosive liquid. 
or environment, and to  protect the product from con- 
tamination by corrosion products. 

LNG. Liquid natural gas. . 
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LPG. Liquefied petroleum gar, such as propane or.butane, 
commonly known as bottled gas. 

NFPA. Refers to the National Fire Protection Association 
and itscodes and generdy.aceepted standards. 

03. Refers to oil in any form including gasoline, crude oil, 
fuel oil, diesel oil, lubricating oil, oil refuse, sludge, and 
any other petroleum related products. 

pH. Term used to express the apparent acidity or &a- 
l i t y  of aqueous solutions; values below 7 indicate acid 
solutionsrand \values above 7 indicate &dime solutions. 

&actives. Those materials which ,in themselves or in 
contact with water are readiiy capable of detonation or of 
explosive decomposition or explosive reaction at normal 
temperatures and pressures as well as those materials 
which are sensitive to mechanical or localized thermal 
shock at normal temperatures and pressures. 

Resistivity. A unit-measure of the electrical resistance of 
the soil. 

Saturation Zom. That poltion of the earth’s soil and rock 
in which tlie functional interstices or permeable rocks are 
saturatedwith water under hydrostatic pressure. 

Solubility. The property of a chemical to dissolve or pass 
into solution. Solubility in water refers to the pounds of.a 
chemical that will disso1ve.in 100 pounds of pure water, 
S a l u b ~ t y  usually increases when ?he .temperature in- 
creases. 

Solubles. Solids with.solubilities in water of greater than 
0.1% or 10013 ppm. 

Speafic Gravity. The ratio of the -weight of .a given 
.volume of the material at 4 O C  (or at some stated tempera- 
ture) to  the weight pf an equal volume of distilled water. 

Storage Facility. Refers t o  warehouses, yards, tanks, 
containers, pipes and equipment for .storing and.handling 
hazardous materials. 

StormRunoff. A flow containing only water and no 
hydrocarbons. 

StrikerPlate. A 12 inch x 12 inch siee1,plated welded at 
the bottom in the interior of a tank under the fill opening; 
.insures that t he  dip stick will not strike tank wall, thereby 
lessening potential for corrosion at that spot. 

Substances Amenable to Biological Treatment. Solids or 
liquids which, while not necessarily biodegadable, can be 
accepted into biological waste treatment systems without 
causing adverse impact on treatment of  the pollutants 
normally present. Compounds in t h i s  classification group 
would be introduced to bioloeical lrealment svstems ~~~ 0 at rates so as not to cause a toxic or inhibiting effect on 

the treatment process 

UnsaturatedZone. That portion of the lithosphere in 
which the functional interstices of permeable rock or 
earth are not (except temporarily) f a e d  with water under 
hydrostatic pressure; that is, the water in the interstices 
is held by capillarity. 

Unstable (Reactive) Liquid. A liquid in the pure state or 
as commercially produced or transported which will 
vigorously polymerize, decompose, condense, or become 
self-reactive under conditions of shock, pressure, or 
temperature. 

Vapor Recovery System. A system designed to capture 
and retain, without processing, vapors displaced during 
f f i g  operations at service stations, bulk storage plants, 
or terminals. 

Viscosity. The property of liquids which causes them to 
resist instantaneous change of shape, or instantaneous 
rearrangement of their parts, due to internal friction 
caused by molecular attraction. 

VISCOUS. Thick, resistant to flow, having a high viscosity. 

Volatiles. Chemicals’ with vapor pressures geater than 
1300 Pa (IO nun Hg) at 10OC. 
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Under Section '311 of the Clean Water Act, the US. EPA has designated the following 
hazardous substances. (40 CFR 116; reportzble quantities for spills may be found in 40 
CFR 117). 

Data on the physical state of the chemical (liquid, solid, gas) and type of hazard of 
each can be obtained from the U.S. Coast Guard Chemical Hazard Response Information 
System (CHRIS) Manual or by contacting the Department of Environmental Conser- 
vation. 
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'1753020 Whlw ~ I l r l u l .  zhc vliriul  r h l t c  CGI, 

..-_," ....... - 

101Q21a6 
7781823 "-. 

.IH'1u9. 
13148889 
1@QZJP50 .. ". Z1rmlll"rn LIIITIItC ........... 

Zlm3"lum WtLsslum 
nuarlde. 

Z!rCOPJum 8"lIntc ..,." 
Zirconium rehachloride ...... 
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. .  

0 . '  

Contamination of the environment and even the risk of such contamination can be 
reduced when the design of a bulk storage facility incorporates precautions against 
accidents. Precautionary designs are not complicated, and they generally are economical. 
They should, therefore, be used at every storage facility. 

The following drawings show simple but effective designs which will both reduce the 
risk of compromising .the environment or public health and also reduce liability in the 
event of an accident. Additional details on the technolo.@ illustrated here may be found 
in the Technology Assessment Manual available from the NYS Department of Environ- 
mental Conservation. 
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Figure B1 

Types o f  Atmospheric 
and Low-Pressure Tanks 

CONED ROOF TANK 

Simplest type of atmospheric tank 
Usuolly large, field-erected structure; 
can reach 300 feet in diameter and 
64 feet in  height 

, Usedfarstarageof liquidswith low 
volatility 

FLOATING ROOF TANK 

* Atmospheric tonk 
Usually large, field-erected structure 

0 Designed to reduce eva oration losses 
and increase protection Lrn fire 

HEMISPHEROID TANK 

Law pressure tank . Usuolly lorge,field-erected structure 
Used for stamge of volatile liquids 

.. .>5 ..... ..*./ .................. .:.: ii :l:..:.., ?>:L... 

.:., . 
...... ....... 

, ............... .-, .. 
........ ....... ...... 
.................... ......... ...... 

CYLINDRICALTANK 

Law pressure tonk 
Usually shop-erected and thus restricted 
to transportable sizes (e.g. 11-12 feetin 
diameter and 60feetin length) 

NODED HEMISPHEROID TANK 
Low pressure tonk 
Usuolly field erected structure 
Used for storage of volotile~liquids 

SPHEROID TANK 
0 Low pressuretank 
='Usually lorge, fieldyereged structure;. 

Used for storage of volotile liquids umier 
conreoch 90 feet in diameter 

pressure 
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Figure B2 

Lcadingand Equpment Spill Catchment and Treatment I 

(a) Tank Czr Loading Rack Area 

LOAMNG RACK 

LOADING ARM 

TAN< CAR 

OUTLET VALVE 

DRAINAGE PAN 

To SEPARATION 
TO SLOPTANK FOR 

DISPOSAL OR RECOVERY 

UNOFF AND SPILL 
CATCk BASIN 

SLOPED CONCRETEAPRMU 
WITH CURBING 

@) Tank TruckLoadhg Rack Area 

OPERATING NON-OPERATING 
PLANT YARD "TANKTRUCK PLANT YARD +--+--- LOADING RACK AREA ----.3$-----* 

I I 
TRUCK CLEANOUT 

TO SLOPTANKS 

OR RECOVERY 

RUNOFF AND 
SPILL COLLECTION 

TO SEPARATION TANK 
I NcAx, 

BASINS 

(c) hunp and huipment Slab Area 

PUMP 

EQUIPMENT 

CURB INLET 

CATCHBASIN 

AND RUNOFF GPRON 

-To SLOP TANK 
TOR OISPOSAL 
OR RECOVERY 

BASE CURB 

FOR SPILLS SLOPED CONCRETE 
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Figure B2 (continued) 

load in^ and Equipment SpiU Catchment and Treatment (continued) 

(d) Bulk Piant Layout 

DiKE 

(e) Gravity Separation Tank 

INLET 

WATER OWLET 

DlSTR~BUTklN BAFFLE A ' SLUDGE BAFFLE 



0 
F i p  B3 

, Typic?l,Remote &p Shut-offValve 

F i g m B 4  

Float Vent Valves Used far OverS! Revention 
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FiguUreBj , 

Imbiber Bead Applications 

(a) Storage tank water draw-off valve: 
Inbiber beads permit water drainage but 
block off flow of product. 

0 
VALVE 

r 
1-1 

IMBIBER BEA 

I I  

I 
A D A P T  PIPE GASKET ,/ , , R T N E R  BEAD 

VALVE BEAD IMBIBER 
BOXOM RETAINER PLATE BEAD BED 

(b) Fuel spill soil sealant: Imbiber 
beads permit drainage of water runoff 
but block flow of product, permitting 
recovery. 

LEAK-FREE SUMP. 
RIGID AND DURABLE CONSTRUCTION 

TRASH GRATlNG 

SILT FILTER 
(sond,elc.) 

IMBIBER 
BEADS 
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Figure 86 

TypicalEarth Dikes 

COI4TAIMMEMT AREA 

(B) TYPE B: CLAY BLAP\J#ET 
2' MIN lMPERVl0US CLAY LAYERTO EE 

ALLOW I' FREEBOARD mNnn)r'uous WITH OR KEYEDTO 7 m  fMPERVlOUS FUX)R 

CLAY LAYER 6" MlN 

M A X S L O E  I .  

EARTH COVER -R€COMM N E T  
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Figure B7 

Dke and Siphon 

.--HIGH-VACUUM HAND PUMP 
AT HIGH POINT 

;ATE VALVE @ 

PIPE DRAINS,WITH OR WITHOUT VALVES DIRECTLY THROUGH OlKE WALL SHALLNOT BE USE0 

OPERPTION OFSIPHON: - - - 

Figure B8 

Typical Wet Well Cluster 
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0 

0 

Figure B9 

Pre-engineered Underground Storage Tank 

1 

NOTES - 
D - 12'' MlNlMUM LYSTWCE 
B - 24" MlNlMVM 01STaME 

0 -  INNER W4LL. 114'' STEEL 
E - m%umc CONCRETE COVER 4~ LWT o" THCK 

0- W4SHU) SaN30R G R I I V U  BXYFILL.COh3PI2CTED IN 12'' LIFTS 
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Fisc B10 (a) 

Tank Installed in Area of High Ground Water 

STRIKER PLATE 

PRE-SHAPED FIBERGLdSS 
TIESTRfiPOVERTANK RIB 

8 

@ 6 
TAUPER-PROOF, SYNTHETiC LINER 

0 
REINFORCED CONCRETE 

FRPTANK WALL 

NOTES - 
& -  MIPSIMUM TWK CLEW+RIIME OF >8'' 
6 -  I.IINIMUM KOVER OEPTH OF 36" 
C- I' DISTANCE 
D- MINIMUM OISTWCE OF 2' 
E- MLNIMUM OISThNCE OF 5' 
F - OES6RWT~Oh WELL NOMINaLLY CONSTRUCE0 OF 4'' CIAMETER PYC PIPE 

SLOTTED 10.02 INCHES THICK1 NEAR THE BOTTOU WITH THE SLOTTED &EA 
WR4PPED IN FILTER CLOTH WELL ALSO Hb.5 SEALED CAP ON BOTTOM. 
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Fipre B10 (c)  

Doublewalled Tank in Area With Low Ground Water Table 

@ 
8 REINFORCED CONCRETE TRAFFIC COVER- 

MINIMUM THICKNESS OF 6" 
OBSERVATION WELL WITH TAMPER-PRWF, 
WATER-RESISTANT CAP f 

0 
MANWAY WITH TAMPER-PROW, 

WATER-RESISTANTCAP \ 

@OUTER WALL 

@INNER WALL 

OFNATURALC WALLED 3 TANK BEDOING: 
o ~ l N l ~ ~ U M T ~ l C ~ ~ E s S - 1 2 "  

WhlE MATEfflALASR4CKilLLl 

\ 

LOW PERMEABIUTY RACKFILL@. 

NOTES - 
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Instructions: 

(a) In order  to answer the questions in this short EAF. it Ls assumed that lhe preparer uill use 
'CWenUy available inAx'mation concerning the projec1.m.d the likely impacm 01 lhe actian..It is not 
expected that addilionaleludies. research orolher Lnvcsllgationswill beunderL8ken 

(bl If m y  question has bean answered yes. the. project m a y  be significant end a mmpleted 
environmental assessmentform is necessary. 

{cl 

Id) Environmental  Bsse5Lmenk 

If all questions havebeenanswered no,itislikclythatlhlsprojcctLsinolsl~flurnt 

(1) Will projectresuftinalargephyslcalchenge 
toUleprojectsiteorphysicaliyaltermore 
thM 10 sere5 Of land? Y e s - N o  

(21 Will therebeamajorchange toanyunique.or 
.unusual l and  form found on the site? Y e s - N o  

I31 Will project al ter  or h a v e n l a r g e  effector, 
an existing body of water? 

IO Will project have apotentiellylarge impact  on 
groundwnter quality? 

( 5 )  Wil lprojecch i~ icanty~f~c tdrsInagef low 
on adjacent  sites? 

(6) WilI projeetsffect m y  threatened or endangered 
plant or a n i m a l  species? 

(71 Will projectresultina major adverse effect an 
alr quality? -Te%-No 

(8) Will project have.amaJoreUecton visual char- 
acterof the communityorsecnic YiewSOr V i s t a s  known 
to be impor tan t  to the community? -YeS-BO 

(9) -Will project adverselyimpact any site or rtructur= 
of historic, prehistoric or paleontolagical importance 
or m y  site d e s i g n a l t d ~ a c t i t i ~ e n v [ r o n m e n ~ e r e a  
by a lmsl agency? . V e S M O  

110) Will project have amajor effect on exisllng or 
future recreational opportunities? 

111.1) Will projectresultinmajor t ra f f icprablemsor  
cause a majar effect to existing transportation systems? 

(12) "W111 p ~ ] = c t r r g u l a r l j . c o b j = = t i ~ ~ b l ~  odors. 
noise. glare, IiibrationmelccVicaldstwbance asa 
result of lhe pmject's operation? Y e s N O  

I131 Will pmjcct  h a v e m y  Impacton public healthor 
safe ty?  Y e s 2 0  

(14) Willpmjectaflectthe exJstinecornmunlty by 
directly causinga~wthinprmmentpaplliation 
of more then Spercent overa o n e y e a r  ptiod. or have 
ametDrnegativeellectonlhe ch~racteraf the 
community or neiehborhmd? YeS,-.-.NO 

115) Is there public confzoversy concerning the project? - Y e S d O  

PREPARER'S SIGNATURE: TITLE: 

REPRESENTING:  DATE: 
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INTRODUCTION 

Several factors must be considered in evaluating the 
overall suitability of a site for storing’ hazardous 
substances. These factors include ihe following: 

Siting Factors 
a ground water contamination potential 

.adjacent land use 
Q zoning regulations and master pIans 

Mmagement Factors 
o storage system reliability 
Q monitoring’coverage 
o .adequate storage facilities maintenance 

’ 0 use of careful handling practices 

T h i s  Appendix’describes a practical methodology for 
evaluating the potential for ground water contamination 
due to thestorage ofhazardous substances.* It is intended 
for use a5 a guide to planners, engineers, geoscientists and 
public officials in New York State who need information 
on the risk of ground water contamination associated with 
an existing or proposed hazardowsubstances storage site. 
When used in conjunction with the factorslisted above, it 
c q  be .a useful tool whether for evaluating the overall 
suitability of a single site, for selecting a prefened site 
.from among several proposed alternatives or for sitting 
inspection p,riorities for facilities which are already in 
place. 

THERATB’G SYSTEM 

Completion of the evaluation procedure results in a 
‘grading of the site from A to F. Those sites with grades of 
A are identified as best suited for storing hazardous 
substances, all other factors being equal. For these sites, 
the risk of ground water contamination is low. Sites 

*This procedure has been adapted directly from 
reports entitled “Evaluation of Ground-Water Contami- 
nation Potential From Waste Disposal Sources” 1977, 
Harry E. LeGrand and Henry S. Brown, prepased 6 s  
Office of Drinking Water, US .  EPA, Washington, D.C., 
EPA Contract Number 68-01-4405 and “A Standardized 
System for Evaluating Waste Disposal Sites”, 1980, Harry 
E. &Grand prepared for the National Water Well Associ- 
ation. The reader is referred to those reports for ad- 
ditional detail. 

which receive a grade of F are poorly suited for storing 
hazardous nialerials; the risk for groiind water contarni- 
nation ishigh for these sites. 

OVERVIEW OF METHOD 

The evaluation procedure is completed in 8 steps as 
shown in Figure,El. The steps and terminology presented 
in this Appendix have been adapted from the LeGrand 
methodology. Modifications have been made in order to 
simplify the process; however, the basic evaluation 
concepts developed in the LeGrand methodology have not 
been changed. 

The first four steps involve the assigment of point 
ratings for the following key hydrogeologic factors of a 
site. 

‘I. The horizontal distance from the storage facility 
io the nearest-individual well or municipal water 
supply. 

2. The depth of the water table below the storage 
facility. 

.3. The approximate slope os gradient of the water 
table. 

4. The character of the geological strata through 
which the stored material would likely pass, 
expressed in terms of permeability and sorption. 

These factors can often be estimated or determined 
using.data from existing topographic maps, master plans, 
well logs, geologic reports and soil maps. Using field data 
specific to the particular site being eduated may increase 
the confidence level of the analysis. However, newly 
obtained data are not necessarily required to complete the 
analysis. 

Step No. 5 i s  accomplished by adding the hydro- 
geologic point ratings of Steps No. 1 through No. 4. 

In Step No. 6, the sensitivity of the .aquifer is classi- 
fied into one of three types: - 

o Sensitive Aquifer (very productive) 
B Moderafely Sensitive (variably productive) 
o Insensitive Aquifer (relatively unproductive) 

In Step No. 7, the hazard rating of the substance to 
bo stored at the site is identified. The hazard ratings are 
presented in the Contaminant Hazard Potential Ranking 
chart Fable EX). 

In Step No. 8, the site is graded from A (excellent) to 
F (very poor) considering only the iisk for ground water 



contan~at ion .  The grading is determined by using the 
grading chart (Contamination Potential Rating Matrix, 
Figure E3) which compares the hydrogeologic ratings, 
aquifer sensitivity, and chemical hazard rating with a 
standard rating for an aquifer with minimal potential for 
ground water contamination. 

The above numerical analysis should be footnoted 
by: 

e the evaluator’s determination of an overall degree 
of confidence in the dataused, and 

o other miscellaneous information not directly 
accounted for in the analysis such as knowledge 
of zones of ground water recharge that may be 
distant from the aquifer,knowledge of cavernous 
rock, etc. 

The degree of confidence in the data used in the analysis 
and miscellaneous site information both may have a 
bearing on the fmal analysis of the ground water contami- 
nation potential. These considerations may alert the site 
evaluator that additional onaite investigation is necessary 
prior to making a fmal decision on the suitability of a 
specific site or that atypical geologic conditions edst at 
the site which may limit the validity of the analysis. 
The approach to considering the confidence factor and 
miscellaneous infomation is discussed in further detail 
later in this Appendix. 

Analyzing the ground water contamination potential 
can be accomplished in one to three days by a planner, 
engineer or environmental analyst or qualifed private 
consultant using data that are normally available tlmugh 
a variety of resources. It is not necessary that the evalu- 
ator have extensive training in ground water hydrogeology 
or soil sciences although professional knowjedge of the 
environmental sciences is essential. Experience with the 
LeGrand methodology has shown that when persons who 
are familiar with the procedure independently analyze the 
risk of ground water contamination, similar ratings are 
determined. These ratings show even more consistency 
when site-specific data (with a high confidence factor) are 
used in the evaluation. 

USE OF THE DATA FORM 

A data form is included which may be used to assist 
the evaluator in the completion of the site evaluation. 

Part I of the data form provides spaces to include 
basic information on the project, the site and the appli- 
cant. Information which should be included will identify 
the project by name, provide the name, address, and 
telephone number of the applicant or his representative 
who may be contacted for further information, and also 
present a brief description of the project. 

Part I1 of the data form provides spaces where infor- 
mation developed for each of the eight steps of the 
evaluation procedure should be recorded. The “Value” 
column should show the actual value which has been used 
for the evaluation of the proposed site. For instance, in 

Step 1 - Distance to Water Supply, the straight line 
distance from the project site to the nearest individual 
well or municipal water supply should be recorded in feet 
or meters. 

Under the “Rating” column, the point value obtained 
from the appropriate table should be recorded for each 
step in the evaluation process as required. 

The “Degree of Confidence” column should be fAed 
in with the appropriate rating (High, Medium or Low) 
based on the evaluator’s judgement on the accuracy 
of the data used in the evaluation. Suggested criteria for 
judging the degree of confidence are provided for each 
step. 

The spaces provided for Steps 5 through 8 pemdt 
recording of the total of the point ratings from Steps 1 
through 4, the Aquifer Sensitivity rating, the Hazard 
Potential rating, and the Contamination Potentid rating, 
respectively. 

Part III of the data form should be used ro indicate 
the overall degree of confidence which the evaluator 
considers to best describe the quality or accuracy of the 
data utilized. Also, any additional information not specifi- 
czUy accounted for in Steps 1 through 8 but whichare of 
significance in determining the site’s ultimate suitability 
may be indicated. 

Part N of the data formprovides information on the 
person who has completed the evaluation ofthe proposed 
site. 

STEPS OF ANALYSIS 

The following is a stepby-step descriptiM of the 
ground water contamination potential analysis. 

Step 1 -Distance 

The first step in the evaluation procedure is the 
determination of the numerical rating for the distance 
between a proposed storage facility and the nearest point 
of water supply. In general, the greater the distance 
behveen the two points, the less potential there is for 
cantamination of the water suppiy due to a spill or leak at 
the storage site. The water supply may be either an 
individual residence well or a municipal supply source. 

The natural attenuation provided by the soil and/or 
rock material between the proposed site and the water 
supply tends to  minimize the contamination potential. 
Wile the muunt of contamination reduction is de- 
pendent to a large degree on the type of sails and under- 
lying rock materials as well as the physical integrity of 
that material, for Step 1, the distance is the prime factor 
of concern. 

El. Where the water table lies in permeable consolidated 
rock the standard procedure is to assign six distance 
points for the permeable fractured rock and cavernous 
rock setting (category 11 of step 4) and to assign four 

The numerical ratings for Step 1 are given in TaHe- 
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GROUNDWATER CONTAMINATION POTENTIAL DATA FORM 

I. PROJECT INFORMATION 

Project  Name: 

S i t e  Location Applicant 

Name: Name: 
Address: Address : 

Phone : Phone: 
Project   description:^ 

~- ~~ 

11. SITE EVALUATION 

Degree of - Value Rating Confidence 

S tep  
Step 
Step 
S tep  

Step 
Step 
Step 

Step 

.1  - 
2 -  
3 -  
4 -  

5 -  
6 -  
7 -  

8 -  

Distance, ...................... ___ 
Depth t o  Water Table .......... - ........ \.later Table Gradient.. - 
Permea b i  1 i ty-Sorption. 
Bedrock category ............... - 
Depth category ................ 
Soil  category.. .L_ 

Overall Hydrogeological Rating.. ..... 
Aquifer Sensitivi 'ty.. .................. 
Hazard Potential  

........ - 
... ........ ...,.... 

Substance: 
Contamination PO t e n t i  a1 
S i t e  Hydrogeological R a t i n g . .  ........ 
Standard S i t e  Rating ................. 
Difference (R5-Sl; R4-S3). ........... 
Combined Value ( D 1  + D2) ............. 
Grade ( c i r c l e )  (from Table E N ) .  ..... 
Contamination Potential ( c i r c l e ) .  .... 

R1=- (from Table E l )  
-(from Table E2) R2= 

(from Table E3) . R3=- 
(from Table E4) R4=- - 

- 
- 
- 

R5= -( RltR2tR3tR4) 
R62- (from Table €7) 

Rf=- (from Table E8) 

R5. - R 1 =  R4=- (from above) 
s1= 52;- s3= (from Fig.E3) 
D1=& D2== 
- 
A B  C D F  
1 ow medium h i g h  

111. C0MMENT.S 

Overall Confidence Rating (see Table E l l )  

Miscellaneous S i t e  Information (see Table E12) ( c i r c l e  appropriate . .  symbol(5)): 
R D F  E W  K C M  I 

I Y .  EVALUATOR 

Name : Date: 
Add res s : 

Phnnn. 
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distance points where the rock is essentially unhactured 
(category I of step 4). Suggested criteria for assigning a 
degree of confidence for Step 1 are also included in Table 
El, 

Step 2 -Depth to Water Table 

The depth to the water table is defined as the 
distance from the ground surface to the surface of water 
standing in an unpumped well (pumped wells will lower 
the water table locally). Since many potential contami- 
nants may be attenuated by soil to some extent as they 
move toward the ground water through the unsaturated 
zone, (i.e., above the water table), the chance of contami- 
nation lessens as the depth to the water table increases. 

The rating assigned decreases with greater depth to 
the water table as shown in Table E2. T h e  rating scale 
indicates the relative sensiti~ty of a water table which is 
close to the ground surface as compared to the situation 
where the water table is well below the surface. For 
example, the lmeter difference between a 2- and a 
3-meter depth to the water table is much more important 
than the 1-meter difference between a 50- and a5 lmeter  
depth to the water table. In some regions the water table 
may be found at a relatively constant depth below the site 
being evaluated but may rise toward the surface during 
seasonally wet periods. It is this seasonal high position of 
the water table that is of concern in evaluating ground 
water contamination potential and should be used as the 
depth to the water table, 

In some places a shallow aquifer is separated from a 
deeper aquifer by an impermeable layer, resulting in upper 
or "perched water table" (See Figure E2.) Many siteape- 
cific featuies are involved and it is difficult to describe 
generally how to assign a rating for such systems. For 
example, if there is local use of water from a perched 
aquifer, its water table depth should be utilized in the 
evaluation. However, the perched aquifer is commonly 
bypassed as a source for ground water and water is used 
from the deeper, more permanent aquifer. In this situ- 
ation, however, contaminated ground water could leak 
from a perched aquifer down (perhaps alongside well 
casings) into the deeper aquifer. An intermediate rating 
from Table E2 may be assigned between the depth to 
the perched water table and the depth to t h e  true water 
table. Reference should be made to the perched water 
table situation in Part Ill of the data form. 

The water table ratings in Table E2 are based on a 
saturated zone in loose, unconsolidated granular materials. 
In areas where the water table lies in consolidated rock 
the standard procedure is t o  assign six water table points 
for the permeable fractured rock and cavernous rock 
setting (Category II of Step 4) and to assign four water 
table points where the rock is essentially unfractured 
(Category I of Step 4). 

Step 3 -Water Table Gradient 

It is important to know whether a contaminant is 
moving.taward or away from a water supply. Since the 
gradient of slope of the water table is difficult to estimate, 
only five rating points are spread across this scale as 
shown in Table E3. mere the gradient is clearly away 
from a water supply, zero or one point may be assigned. 
Where the gradient is almost flat or where it does not 
seem to be great, one to three points may be assiped.A 
distinction of more or less than two percent for the water 
table gradient may be too slight to be concerned about, 
but in some cases water table maps may reveal this infor- 
mation and in others the evaluator may be able to make. 
the distinction. If the water table gradient slopes toward a 
water supply, the potential for contamination of that 
supply becomes greater. As the gradient of the water table 
increases toward a water supply, the rating assigned in 
Step 3 also increases. 

In some cases, determination of the gradient may not 
be readily accomplished, An optio.nal ratingscale is given 
in TableE3 which may be used. On this scale a distinction 
is made between a direction of contaminant movement 
toward a water supply and a direction away from existing 
water supplies. Procedures for determining ucderground 
flow. may be  found jr? ANSI/NFPA, 1977;'Chap. V. 

Step 4-Permeabiiityand Sorption 

The permeability/so@ion of the soil and rock 
materials through which contamicated water.may move is 
rated in this step of the analysis. This evaluation factor is 
perhaps the most significant of the four key hydrogeo- 
logical facton included in the evaluation procedure. 
Permeability is simply defmed a s  the apparent velocity or 
rate of -flow through the soil and rock materials. It is 
generally measured in values of centimeters per day or 
centimeters per howand is dependent upon the size, total 
volume, and distribution of pore spaces within the par- 
ticular soil or rock Clays and consolidated.rocks have low 
permeability values while sands and gravels have high ~ 

permeability values. 
The hazard potential of ground water contaminants 

may be reduced by physical 'or chemical sorption 
processes (i.e., through the replacement or exchange of 
ions from soil particles with contaminant.ions intheground 
water). Since sorption occurs primarily on the surface of 
colloidal sized ( <  lV3m) particles, those soil materials 
having reIatively high percentages of colloids, such as clay 
soils, have higher sorption capacities. However, even soil 
consisting of apparently clean sands and gravels may have 
sigificant colloid content. 

The scale for the permeability/sorption factor ex: 
tends from 0, representing the low permeabbility and high , 
sorption characteristics of "clay," to 9, representing the 
.high permeability and low sorption characteristics of 
"clean gavel" as shown in Table E4. Clays and materials. 
of low permeability and high sorption tend to prevent 
ground water contamination; On the other hand, clays 

, 
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may provide an undesirable or unsuitable site since poor 
idiItration characteristics may cause surface runoff of 
contaminated water. The location and distance to the 
closest surface water i nmch  instances should be noted 
in Part III of the .data form as necessary. 

The soil material .categories listed in Table E4 have 
been simplified from those normally utilized in the US. 
Department of Agriculture, Soil Conservation Service 
(SCS) soil surveys. The SCS soil surveys are primary 
sources of  information for many of the factors which are 
used in the site evaluation procedure. Table E5 compares 
the soil categories of Table E4 with their approximate 
equivalent soil categories from the SCS. 

In determining -the proper permeability/sorption 
rating from Table E4, consideration must be given to 
three separate factors. 
1. The vertical profile of the unconsolidated soil ma- 

terial through which contaminants must move in 
order to reach the underlying ground water must 
be considered. Since the.soils at the surface-may not 
extend downward throughout the, entimdistance to 
the ground water, .it may be necessary to use an 
average soil condition in the evaluation. 

The thickness of the soil material over bedrock must 
he considered. 

The nature of the'bedrock must be taken into ac- 
count. Bedrock Category Lis comprised of relatively 
impermeable rock .such as shale. Bedrock Category 
II is relatively permeable such as jointed or fracturzd 
igneous or metamorphic rock or cavernous limestone. 

A wide and complex variety of geologic character- 
istics have been simpwied and incorporated in tile peme- 
abilitylsorptiun table. The Tatimgs in Table E4 have been 
modified from those contained in the original LeCrand 
methodology. However, the key concepts are included 
and emphasis is stil l  .placed on .making appropriate in- 
terpolations. Through careful evaluation of the various 
ranges of permeability/sorption ratings and of the earth 
materials present at.the.site, evaluators should arrive at 
reasonably 'accurate and consistent ratings under all types 
of geologic environments. 

I 

2. 

3. 

Step5 -Overall H~drOgeOlOgid Rating 

Step 5 is accomplished by adding the ratings de- 
termined in each of the first four steps. This overall rating 
gives an indication of the characteristics of the particular 
site based solely on its hydrogeologic conditions.Table EG 
shows rating categories based on hydrogeologic conditions 
only. All values listed for a site must be reached to justify 
'the prescnbed rating. For example, a Good site must have 
no more than 17 total loints, as well as a maximum of 2 
Distance and 4 Permeability/Sorption points. If only the 
maximum rating of 2 and 4 have been assigned in Steps 1 
and 4, then at least 11 additional points must have been 
allotted to Step 2 (ratiig for depth to water table) and 

a5 

Step 3 (rating for water table gradient) to attain the total 
point value of 11. 

A given site may rate low in ratings and still be 
unacceptable because of serious problems with one 
parameter. For example, the site may be ideal in all 
respects except for a very shallow ground water table. 
Therefore, the total point value is not intended to stand 
alone but is to be viewed in conjunction with the ratings 
assigned in the separate steps. This allows both the weak 
and strong features of a site to be given consideration even 
after the initial compilation of the evaluation rating. 

The empirical rating criteria shown in Table E6 can 
be very useful in evaluating and comparing the physical 
suitability of alternative sites. However, it does not factor 
in considerations such as: 1. type/severity of contaminant, 
nor 2. sensitivity (vulnerability) of a nearby aquifer. A site 
could receive a poor overall hydrogeologic rating but still 
be considered acceptable because the contaminant to be 
stored at the site has a low hazard potential and the 
nearby aquifer is of slight extent and importance. 

Precautionary storage technology and measures can 
also mitigate the threat of aquifer contamination and 
bring the site to a level of acceptability. Although no 
methods have been developed to  measure mitigating 
effects of precautionary storage technology and practices, 
LeGrand has developed a procedure for considering 
type/severity of contanlinant and aquifer sensitivity. 
These factors are considered in Step 6 and Step 7. 

Step 6 ~ Aquifer Sensitivity 

In Step 6 the sensitivity of the aquifer underlying thc 
site being evaluated is determined. The aquifer sensitivity 
is based on the permeability of the materials forming the 
aquifer at the site, the aquifer's areal extent, its im- 
portance (or potential importance) as a water supply 
source, and whether or not it is the only significant 
aquifer available. A highly sensitive aquifer is valuable 
because it can yield significant quantities of highquality 
water but can easily become contaminated by activities 
within its recharge area. 

Aquifers have been classified into three types: sensi- 
tive, moderately sensitive and insensitive as described 
below. 

Sensitive Aquifers are very permeable, extensive 
aquifers overlain by very permeable material or are 
exposed at the surface in their recharge zones. They are or 
can be important drinking water sources. An aquifer 
designated as a sole source aquifer under Section 1424(e) 
of the Safe Drinking VPdter Act should be identified as 
sensitive. Sites that have a thickness of clean gravel or 
coarse sand materials of greater than 30 meters over rock 
from Step 4 as well as most other site conditions where 
relatively permeable rock formations (Bedrock Category 
II) underlie the soils, should be idcntified as sensitive. 

Moderately Sensitive Aquifers are of variable permea- 
bility and moderate extent and are overlain by moderately 



permeable material in their rccharge zones. They are or 
can be important drinking water sources. Sites where the 
thickness of clear fine sand or sand with less than 15% 
clay is greater than 30 meters, as well as some site con- 
ditions underlain by Bedrock CategoGes I and 11, should 
be identified as moderately sensitive. 

Insensitive Aquifers are of moderately low perme- 
ability and/or of slight extent and of little importance as 
drinking water sources. They are overlain by low to 
essentially impermeable ma te~a l  in their rccharge zones. 
They include deep confined aquifers, aquicludes (non- 
water-benring materials) and may include “salt-water” 
beds of any permeability in  areas where no freshwater 
occurs. Sites where the thickness of sand with 15.50% 
clay, clay with no more than 50% sand or clay soils of 
greater than 30 meters, as well as most site conditions 
underlain by Bedrock Category I, should be identified as 
insensitive. 

Common near-surface aquifers and their sensitivity 
rankings are shown in Table E7. The evaluator must use 
judgement in assigning a rating where the range of values 
in Table E7 overlap more than one rating (e.g., medium to 
coarse sand). In cases where available information is not 
adequate to make a fm determination on the sensitivity 
of the aquifer, additional on-site information may be 
obtained as deemed appropriate. 

Step 7 -Hazard Potential Rating 

Substances that may enter the ground water offer 
potential for causing harm to human health (Hazard 
Potential). The Hazard Potential ratings for many 
substances are shown in Table E8 and range from 1 to 9, 
with 1 being least hazardous and 9 being most hazardous. 
For substances contained on the Section 311 list of 
Hazardous Substances (40 CFR Part 117) an alternate 
procedure is suggested on Table E9, whereby the Hazard 
Potential Rating is a function of the Reportable Quantity 
category. 

Most of the substances listed show a Hazard Potential 
Rating range, say 5 to 8. The assessor must use personal 
judgment in assigning a specific ranking from this range. 
Information that may be useful in determining a specific 
Hazard Potential Rating for a substance includes 
knowledge of the nature of the particular type of hazard 
involved (Le., is the substance explosive, pathogenic, 
carcinogenic, flammable, toxic, etc.), the volumes or 
concentrations of the substance that would be stored and 
the adequacy of available technology to treat and dispose 
of the substance if necessary. If no additional information 
is readily available, the worst case or highest rating shown 
should be assigned. 

Step 8 - Determination of Contamination Potential 

This fmal step in the site evaluation utilizes the 
hydrogeologic ratings developed in Steps 1 to 4 and the 
aquifer sensitivity and Hazard Potential Ratings of Steps 

G and I ,  to detemiine the Ground Water Contamination 
Potential at a site due to  spillage or leakage of a specific 
substance. 

This step requires that hydrogeologic ratings for the 
site being investigated be compared against empirically 
derived standard ratings developed by LeCrand. These 
standard ratings are shown as isometric lines in the Con- 
tamination Potential Rating Matrix, Figure E3. The largest 
number on each isometric line is the standard used to 
compare the total hydrologic rating of the site. The 
middle number is the standard used to compare the 
distance rating. And the number to the right is used to 
compare the permeability/sorption rating. These standards 
are the approximate maximum ratings a site should not 

exceed to prevent serious contamination of ground 
water. If a site fails to meet any of the three rating 
criteria, it fails to meet the guide for minimum level of 
acceptability. 

The isometric lies should be considered as approxi- 
mate minimum levels of tolerance and not necessarily 
rigid “yes” or “no” (acceptance or rejection) criteria for a 
site. For this reason, LeGrand has developed a grading 
procedure for the final determination of ground water 
contamination potential. 

The fmal grade for the site being evaluated is de. 
termined by subtracting the standard ratimg (obtained 
from the Contamination Potential Rating Matrix) from 
the overall hydrogeological rating (Step 5) for the site and 
from the permeability/sorption rating (Step 4). The 
standard rating values may be derived from the Contami- 
nation Potential Rating Matrix by plotting, on the vertical 
axis of the contamination potential rating matrix, the 
Aquifer Sensitivity Rating (Step G) and, by plotting on 
the horizontal axis, the Hazard Potential Rating (Step 7). 
The standard rating in the .matrix is found where the 
plotted Step 6 and Step 7 values intersect. 

The following examples show how the resulting 
values are treated in this evaluation step. 

Overall Permeability/ 

Rating Rating 
Uydrogeologic Sorption 

Case 1 
Site Under Study 13 (from 2 (from 

4 Standard Rating 
Difference 0 -2 
Combined Value -2 

Step 5) Step 4) 
- 13 - 

Case 2 
Site Under Study 18 (from 8 (from 

5 Standard Rating _. 
Difference 0 3 
Combined Value +3 

Step 5) Step 4) - 18 

Utilizing the combined value as determined above, the site 
can be graded from A (Excellent) through F (Very Poor) 
as shown in Table E10. 
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OVERALL DEGREE OF CONFIDENCE 

In ortier to be able to provide an interpretation of the 
complete site evaluation rating, it must be possible for the 
evaluator, and others who may be required to review the 
site evaluation, to have some basis forjudging the quality 
of the data utilized. In the tables accompanying Steps 1 
through 4, suggested criteria were provided which the 
evaluator could use to rate the degree of confidence that 
Should be assigned to the data used in each step. 

Table El 1 provides suggested criteria for assigning the 
overall degree of  confidence rating. It is left to the evalu- 
ator to use care and judgment in interpreting the degree of 
confdence ratings which had been assigned in the first 
four steps in comparison to the suggested criteria of Table 
El l .  Where it is determined that a low degree of overall 
confidence is warranted, it may sene as a notice that 
additional on-site investigations are needed prior to 
making a final decision regarding the suitability of a 
specific site. 

IiftSCELLANEQUS SITE INFORMATION 

:During the development of -the evaluation 
methodology it was recognized that it would be impossi- 
ble to incorporate all o f~ the  potential site Characteristics 
into the numerical rating structure without maldng it 
overly complicated. By providing  an opportunity for the 
site evaluator .to indicate in the site rating special site 
characteristics that have gone into the evaluation pro- 
cedure attention is drawn to other factors that may be of 
concern. 

A listing of miscellaneous site information which can 
'be used in the evaluation is given in Table E12. In review- 
ing site evaluation ratings, special attention should be 
given .to the miscellaneous site information. By defi- 
nition, this information indicates factors which are not 
directly discernible from the numerical ratings but which, 
'nonetheless, are importmt to the fmal decision-making 
process. The Ground Water Contamination Potential Data 
Form provides an opportunity to record miscellaneous 
site information. 

The ground water contamination potential of this site 
evaluation is a part of the entire facilities siting procedure. 
The recommendations based on the evaluation of the 
site's hydrogeological characteristics, the hazard potential 
of substances to be stored, and the aquifer sensitivity 
should then be incorporated with other factors such as 
adjacent land use, zoning reylatious, etc. before a fmal 
siting decision can be made. 

The judgment and experience of the person com- 
pleting the site evaluation is an important factor. While 
someone with little formal knowledge of hydrogeology or 
soils analysis can follow through the steps of the pro- 
cedure and be able to determine a final Ground Water 
Contamination Potential, the more background 
lcnowledge or experience the evaluator has, the greater the 
rcliance which may be placed on the interpretation 
of the data that go into the ratings and consequently, on 
the recommendations wluch are made based on those 
ratings. 
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0 .  

0 

- 

TabIe E l  

Step 1: Distance Rating Criteria 
Distance* 
(Meters) Point Value** 

0-14 
15-19 
20-34 
35-49 
50-74 
75-149 

150-299 
300-993 

1000-2000 
'2000 

.9 

7 
a 
6 
5 
4 
3 
2 
1 
0 

* 

** Where the water table l ies i n  oermeable 

Distance O R  ground between contamination 
source and water supply. 

consolidated rock (Bedrock category I1 
i n  Step 4 ) ,  six points should be allotted 
on distance scale. 
rock (Bedrock category I i n  Step 4)  four  
points should be allotted.  

In poorly permeable 

Degree of Confidence 

H i g h  
Accurate measurement as from a survey, and 

"sites" are well known. 
Careful measurement on 1:24,000 or larger scale 

map and s i t e s  are known and accurately 
located. 

Medium 
Pacing where gentle-terrain i s  easily traversed 

as along side a highway or  through an open 
f ie ld .  

Measurement is on 1:24,000 scale map b u t  dist- 
ance i s  l ess  than 200 feet. 

Measurements are the saw as above b u t  "sites" 
are n o t  well known o r  accurately located. 

Low 
Pacing conducted i n  di f f icul t  (h i l ly ,  wooded, 

Measurements are made on poorly scaled maps or  

Estimates. 

swampy, etc.) terrain.  

photographs. 

Table E2: 

Step 2: Depth to Water Table 
Rating Criteria 
Depth * 
(Meters) Point Value** 

8-11 4 
12-19 3 
20-29 2 
30-60 1 

60+ D 

* Estimated d e p t h  t o  water t ab le  helow base 
of contamination source (more than 5% 
of the  year ) .  

** Where water t ab le  l ies  i n  permeable o r  
moderately permesole consolidated rocks 
( I 1  i n  Step 4), s i x  points should be 
a l lo t t ed  i n  poorly permeable rock 
( I  in Step 4) four points should be 
a1 lo t ted .  

Degree of Confidence 

High 
Accurate measurements of s t a t i c  water l eve l s  

i n  wells a t  the s i t e .  

Medium 
Elevation measurements o f  water levels i n  

wells or caverns i n  the near vic in i ty  
of the site. 

Groundwater t ab le  maps from responsible 
reports. 

Low 
Estimations based on evaluations of topo- 

graphy, climate and distance t o  the 
nearest  stream (permanent) a t  the site. 
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Table E3 

Step 3: Water Table Gradient Rating Criferia 

Gradient & 
Flow Direction * Point Value 

Gradient g r e a t e r  than 2 percent 5 
toward water supply and i s  the 
an t i c ipa t ed  d i r e c t i o n  of flow. 

Gradient g r e a t e r  than 2 percent 
toward water supply b u t  is not 
t h e  an t i c ipa t ed  d i r ec t ion  o f  flow. 

4 

Gradient l e s s  than 2 percent 3 
toward water supply and i s  the  
an t i c ipa t ed  d i r e c t i o n  of flow. 

water supply b u t  is not t he  
an t i c ipa t ed  d i r e c t i o n  of flow. 

Gradient almost f l a t  1 

Gradient away from a l l  water sup-  0 
p l i e s  t h a t  a r e  c l o s e r  than 1000 
meters 

Gradient less than 2 percent toward 2 ,  

Optional Method 

,Groundwater movement is  
toward an existing d r i n k i n g  
water supply and may con- 
taminate t h a t  supply. 

Direction o f  groundwater move- 
ment appears t o  be indeterminable. 

Groundwater movement is away from 
a l l  ex i s t ing  drinking water sup-  
plies and is not  l i k e l y  t o  con- 
taminate any supply. 

*Water t a b l e  grad ien t  and flow d i r ec t ion  ( r e l a t e d ,  i n  p a r t ,  t o  land  s lope ) .  

Degree of Confidence 

High  
Accurate measurements of e l eva t ions  of s t a t i c ,  water l e v e l s  i n  wel l s ,  spr ings ,  
swamps, and permanent streams i n  the area immediately surrounding the  s i t e s  
i n  question. 
Water table maps from responsible repor t s .  

Mprl i t im 
I ,  

_ _  - 
Topography i n  non-cavernous (l imestone) a reas  containing permanent streams and 
beinq i n  a humid climate. 
Arid-regions o f  low r e l i e f  and containing some permanent streams. 

Low 
Topography i n  cavernous, predominantly limestone a reas .  
Arid regions o f  highly i r r e g u l a r  topography and few surface streams. 

. 
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Table F.4 

Step 4: Peimeability/Sorption Rating Criteria 

s o i l  Category(') 
A 8 C 0 E F 

Clay with 
no more Sand with Sand with Clean grave1 

Bedrock I)e t h  than 50% 15-30% Less than Clean f i n e  or coarse  (3 )  
c d t < e t e r s )  Clay sand clay 15% c lay  sand sand 

I 

I 1  

A > 30 
8 25-29 
C 20-24 
0 15-19 
E 10-14 
F 3-9 
G < 3  
H o(4) 

> 30 
25-29 
20-24 
15-19- 
10-14 
3-9 

. 4  
3 

' 4  
4 
4 
5 
5 
5 

4 
4 
5 
6 
6 .  
7 

1 9  
9 
9 
9 
9 
9 

8 
9 

9 9 
9 9 

9 9 
9 9 

Soil  category, bedrock category and depth category should be noted on the  Groundwater cantmina t ion  Potent ia l  
Data Form. 

( 1 )  Type of unconso!.idated material assigned should represent t h a t  through which contaminated water is l i k e l y  to 
flow (unsaturated zone above water t ab le  and general ly  the  upper 2 t o  10 meters of material below water 
t a b l e ) .  

( 2 )  Bedrock Category I 
Bedrock Category I 1  - Unconsolidated material over l ies  permeable consolidated rock ( f ractured o r  jo in ted  
igneous and ne tamrphic  rocks, cavernous carbonate rocks, and f a u l t s ) .  

( 3 )  Thickness o f  unconsolidated mater ia l s  (sa i ls )  over bedrock. 
(4) Bedrock a t  land surface. 

For guidance i n  determining s o i l  category w e  Table E5. - Unconsolidated material over l ies  shale  or other  poorly permeable consolidated rock. 

Degree OF Confidence 

High 
D r i l l e r s  logs containing good, r e l i a b l e  descr ipt ions.  
U.S. Dept. Agr. soil surveys used in.ronjunction u i t h  la rge  s c a l e ,  modern geologic maps. 
Some groundwater reports .  

Medium 
Sai l  surveys or geologic maps used alone. 
Most groundwate; reports .  
D r i l l e r s  logs with generalized descr ipt ions.  
Dr i l l  l o a  o r  $me exposures such as deep road cuts located o f f  s i t e  b u t  which allow in te rpola t ion  within 

the  .same general geologic uni t .  

LOW 
On s i t e  examination with no d r i l l  data and with no good exposures OF subsurface conditions.nearhy. 
Extrapolations of d r i l l  logs ,  road cu ts ,  e tc .  where local  geology i s  not  well known. 
Es t ica t ian  based on generalized geologic mdps. 
Er t ina t ions  based on topdgraphic tex tures .  
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Table E5 

Properties of Soils ' 

Sandy clay YaortlY Silt 
and clay 

Table E6 

Step 5: Overall Hydrogeolo~cd Ratings* 

.Table E7 

Slep 6: Aquifer Sensitivity Rating Criteria 

Sens i t iv i ty  Ratings* 

!*St 
Fill 1 Cmm" 

R 3 S  Aquifer Type 

Clays and sandy clays 
cryrta11ine rocks 
Fine to  medium sands 

'Floodplain ( l i t t l e  
aquifer notent ia l )  

Alluvial valleys (large 
aquifer potential)  

Medium to coarse sands 
Fracturrd/cavermus 

linertone 

1 3  
.1-7 
2-5 

3-6 

6-3 
6-9 

6-9 

*Aquifer Sensi t iv i ty  Rat inq  R a n s  

'Insensitive 1-3 
l'oderately Senrit.ive 4-6 
Sens i t ive  7-9 

1-2 
2-4 
3-4 

3-4 

7-E 
7-E 

7-8 

Table E8 

Step 7: Contaminant Hazard 
Potential Rankings 
Classified by Type' 

A .  SOLIDS 

DircTinrla" 

- P-ridines - Phenols 
2-6 
7-9 
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0 
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Table E12 

Miscellaneous Site Information 

idditional information which is n o t  d i rec t ly  
iccounted fo r  i n  the numerical portion of 
:he s i t e  evaluation may be of significance 
in the final decision. Listed below are  the 
.ypes o f  information tha t  should be noted 
1s applicable. Other misce)laneous s i t e  
infomdtion should be noted and considered 
in the evaluation as appropriate. 

Ldent i f ier  S i t e  Characteristic 

R Ground water recharge area. 

D Ground water discharge area. 

F Flood plain and i 5  susceptable 
to  f lood  hazard. 

E Earthquake prone area. 

w Area of influence of a pump- 
i n g  water supply well. 

K Karst topography o r  fractured, 
cavernous limestone region. 

C Ground water has been contamin- 
ated by man-made causes (e.9. 
road s a l t ,  feed l o t ,  industrial 
waste). 

Known ground water mound exists.  

Interceptor wells o r  other method 
employed to  i n h i b i t  contaminated 
ground water migration (endanger- 
ment 'to water 5upply wells may be 
reduced). 

M 

I 

Figure El  

Andy& for Potential 
of Ground Water Contamination 

Activi ty  

Step #l determine the  dis tance t o  
a water supply 

Step 32 , ident i fy  depth t o  water 
t a b l e  

Step #3 ident i fy  water tab le  gradient 

Step fl est imate  so i l  permeability- 

S tep  65 deterGine overal l  hydrcgeologic 

Step $6 extinlate aquifer  s e n s i t i v i t y  

s t e p  $7 identiry chemical hazard rating 

Step  $6 

ra t ing  

grading the  s i t e  using the  
grading char t  

Ratinq Scale 

0 .(over Zoo0 meters) t o  
9 (under 15 meters) 

0 (over 60 meters) t o  
9 ( 0  meters) 

1 ( f l o w  away froin wsill i o  
5 (flow toward a wel l )  

o (c lay)  t o  9 (c lean gravel)  

summation o f  r a t i n c s  o f  
s teps  1.-4 

s e n s i t j v e  t o  inrensi:iue 

1 (low) to  9 ( h i g h )  

n (exce l len t )  to  F ('cry QOW) 
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Figure E2 

Depth to Ground Water 

Gmua~I Surface 
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F@re E3 e contamination poteitial 
Rating Mat M* 

"Based on empirical work of LeCrand. 

Note: Standard rating value includes: 
Total Rating-Distance Rating-Permeability/Sa~tian rating. 

* '  
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TECHNOLOGY 
FOR THE STOWAGE OF 
HAZARDOUS LIQUIDS 

A §tate-Of-The-Art Review 

MANUALS I N  NEW YOIk STATE'S BULK STORAGE PROGRAM 

This State-of-the-Art Review Manual compiles much of the latest information 
on the equipment available'for storing and handling hazardous liquids. Included are 
data on tanks, hoses, overfill prevention devices, piping, valve, and pumps. Impor- 
tant information is.also provided on the field practices and equipment available for 
leak detection and spill cleanup. 

I 
Recommended Practices for Underground Storage of Petroleum provides in- 

formation on the equipment, installation practices, and operating procedures which 
the Department considers most protective against spills and leaks from bulk storage 
facilities. Topics covered include: material specifications, installation techniques, 
secondary containment arid leak detection, overfill protection, tightness testing, 
tank relining, and proper closure. , 

Administrative and Ligal Options for Storing Hazardous Substances: A Guide 
for Local Officials provides suggested wording and format for local ordinances to 
regulate the storage of hazardous materials. Alternatives to fit specific needs are 
presented. 

The S t ing  Manual piesents information and procedures to  help local officials 
prevent leaks and spills ofhazardous substances in sensitive environments. Discuss- 
ed are: types of hazards, causes of leaks and spills, site evaluation procedures, and 
practices for spill prevention and mitigation. 

I 

The manuals are available from: 

Bureau of Wate; Resources 
NYS Department of Environmental Conservation 
50 Wolf :Road I 
Albany, New Yqrk 12233 
Telephone (518) 457-4351 

i 
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PREFACE 

This Manual is a compilation of information on the state-of-the-art for aboveground and underground storage 
systems. It includes a discussion of the technology and practices for slurage of petroleum and other hazardous liquids 
which could be accidentally released into the environment. The  purpose of the repori is primarily to provide timely 
information to those industry and government officials faced with rehabilitation and replacement decisions and sec- 
ondly to encourage the use of technology and practices which would prevent leaks and spills from occurring. 

Because hazardous liquids vary widely in their characteristics and in the manner in which they should be stored, 
this Manual can serve only as a guide. Each chemical requires its own specific storage design. It is the responsibility 
of the owner of  the storage facility to seek the assistance of a professional engineer who has the skills, to design 
B stortage system which can be used safely and which provides the necessary measures for environmental protection. 

The  mention of trade names or  commercial products in this manual does not constitute endorsement or  recom- 
mendation for use by the Department of Environmental Conservation. 



*- - 
ACKNOWLEDGEMENTS 

This Manual was prepared by Fred C.  Hart Associates and staff from New York State Department of Environmental Con- 
servation, Bureau of Water Resources. 

T h e  project managers wish to acknowledge the many people who contributed to this report, particularly those individu- 
als on the review committee who provided valuable comments and suggestions on the manual outline and text. 

The individuals who contributed to this manual are as follows: 

FREDC.HARTASSOCIATES,Inc. 530Fif thAvenue,  NewYork ,N.Y.  I0036 

Paul H. Woods,  Jr. I 

Wayne K. Tusa 

DEPARTMENT OF ENVIRONMENTAL CONSERVATION 

Paul J. Sausville, P.E. 
Joseph W .  Ritz,  P.E. 
Wil l iamE. Blain 

REVlEW CQMMlTTEE 

Richard H. Forbes - Environmental Technical Services - Eastman Kodak Company 
I 

M. B. Marton - Environmental Programs - IBM 

Keith Ora - Empire State Petroleum Association 

Lawrence Peterec - Long Island Regional Oil Spill Engineer - New York State Department of Transportation 

James H.  Pim - Suffolk County Department of Health Services 

AlbertD.  Young,Jr. - ExXOnCOmpdny,W.S.A 

! 

.. 
11 



TABLE OF CORTERTS 
Page 

Preface ........................................................................................................................... i 
- - 

Acknowledgements ............................................................................................................ ii 

. . . . .  Table of Contents ........................................................................................................... 111-vi1 

.... 
List of Figures ........................................................................... 
List of Tables ............. ............................... 
INTRODUCTION ...... ........ ........ 

A. Purpose ............ .............................. 
B. Report Overview .......................................... 

Part I STORAGE OF HAZARDOUS SUBSTANCES ......................................................... 2 
INTRODUCTION ................................................... ..................................... 2 
CHAPTER 1: LEAKS AND SPILLS OF HAZARDOUS LIQUIDS 

A. Behavior of Hazardous Liquids in the Environment 

..................... 8 

8 ............................................ 

C. Corrosion ... 

4. Corrosion Protection ................ .......................... 
References ........................................................ 

CHAPTER 2: HAZARDOUS LIQUIDS ............................. 

........................... 32 
........................ 

............................ 
Part I1 UNDERGROUND STORAGE SYSTEMS .................................... 

4, Cathodically Protected Steel Tanks - (Impressed Currents) ..................... 
5. Fiberglass-Reinforced Plastics .............................................. 
6. FRPlSteel Bonded Tanks .................................................... 
7. Tanks of Other Materials ...................................... 
8. Double Containment Systems .......................................................... 54 
9. Relined Tanks ............................................................................. 57 

52 

iii 



TABLE OF CONTENTS 
/--. 

I Page 

............................................... D. Tank Coatings and Linings 
E. Wrappings ..................... ............ - 
Information .on Specifications 
References , ......... i.. .......... 
A. Introduction .................. 

iQ 

CHAPTER 2: UNDERGROUND PIPING .................. 63  
! 

B.  Causes and Methods of Preventing Leaks .............................................. 63 
I .  Proper Design; ..................... .................................................. 6 3  
2. Piping System, Installation ............ ........................................... 63 
3, Periodic Testing ........................................................................... 65 
4. Timely Replacement ..................................................................... 65 

.............. 66 C. Types of Piping ............. 
D. Fittings .+  ......................... ........................... 
E. Expansioq Joints and Swing Joints 
F. Underground Pumps .............................................................. 

........................................... 
Referznccs ......................................................................................... 72 

CHAPTER 3: UNDERGROUND SPILL CONTAINhlENT SYSI’EhlS ........................... 73 
A. Introduction ............... .,.. ...................... 73 

I ,  Background ,! ............................................................................... 73 
2. Containment Technology ........................................................ 

2. Design and Installation Requirements ................................................ 74 
C .  Synthetic :Membrane Liners .......................................... 

2. Design and Installation Requirements ........................... 

B. Clay Liners ...... i ............................. 
1. Chemical and Physical Properties ,,, 

I .  Chemical and Physical Properties . 

D .  Soil Cement ............................................................. 
I .  Soil Cement ,: ....... 
2. Bentonites .,..! ......................... 

E. Concrete Vaults ......................................................... 
F. Double-Walled Tanks .................................................. 

............................ ................................. 81 

................... 82 
A. Introduction ........................ .............................................. 82 
B. Overfill Pyeventio; Systems for Underground Storage Tanks ...................... 82 

I .  Elements of an Overfill Prevention System ...... .................. 82 
2. Specific Level ;Sensing D 

I .  Check Valves 

OVERFILL PREVEN 
FOR UNDERGROUND STORAGE T A N K S  

C. Transfer spi l l  Pre 

2. Coupliqgs ............................................................... 
D. Operating :Practice$ for overfi l l  Protection . ...................... 87 
References , ~ ,  ........ .:.., ........................................................................... 90 

CHAPTER 5: LEAK AVD SPILL MONITORING FOR UNDERGROUND STORAGE ..,,91 
A. Introduction ..... .,’. ........................................................... 
B. Early Warping Leak 

I. Inventory Control 
2. Interstitial Monito 
3. Tank Excavati(in 
4. Tank Excavation 

C. Area-Wide Surveillance Methods ......................................................... 97 
I .  Dyes and Tracers .................. 
2. Monitoring Well ........... 

D. Recovery Wells ... 
E. Examples ......... ,! ........... 
References ........................ 

il 

iv 

I 



TABLE OF CONTENT§ 
Page 

CHAPTER 6: TESTING AND INSPECTION OF 
UNDERGROUND STORAGE TANKS ................................................................... IO8 

A. Introduction ............ .................... ................ ,108 
B. Tank Testing Methods ........................ 108 

1 .  Pneumatic Testing ........................................................................ 1 1  1 

3. Heath Petro-Tite Tank and Line T 
4. The J-Tube Manometer Test ........................................................... I13 
5. The Sunmark Leak Detector ., 
6. Laser-Beam Leak Detector , , . , 
7. The ARC0 Leak Test ......... 

C. Pipeline Testing Procedures ........ 
1. The Suction Piping Test ....... 
2.  Discharge Line Testing ........ 

2.  Hydrostatic (Standpipe) Testing ... ................. 

D.The Applicability of Tank Tests to the 
E. Physical Inspection ................... 

I .  Inspection Prior to Backfilling 
2. Internal Inspection of Installed 

4. Checking for Water in Tanks 
5. Inspection of Cathodic Protecti 

3. Checking Tank Bottoms ........ 

References ......... .................. ............... ............ 
CHAPTER 7: TEMPORARY CLOSURE, ABANDONMENT AND REMOVAL 

OF UNDERGROUND TANKS ......................................................... I20 
A. Introduction .................. ..>.. ..... .................. 
C. Permanent Closure .......................................................... 
B. Temporary Closures ......................................................... 

I .  Abandonment in Place ................................................................. 122 

1 > 
.............. 126 

.................................................................... 132 
I .  Carbon Steel Tanks ..................................................................... 132 
2. Stainless Steel Tanks ............. .............. 134 
3. Fiberglass-Reinforced ................ .............. 
4. Plastic Tanks .... 
5. Concrete and Alu 

D. Coatings, Linings an - - 
References ........................................................................................ 138-139 

CHAPTER 2: ABOVEGROUND PIPING SYSTEMS ................................................ 140 
A. Introduction ................................................................................... 140 

................. ............................. 142 

............................. 142 

3. Hoses ............ .............. ................ 145 
............... 

V 



I 

I 
I 

TABLE OF CONTENTS 
Page 

*- 

......................................................................................... 
................................................................... 

........................................................................ 

........................................................................ 

.................................. .................................. 
........................................................................... 

....................................................... 

D. Valves I45 
I .  Functions of Valves I45 
2. Types of Valves 145 

150 
I .  Types of Pumps I50 
2. Pump Seals ..: 151 
3. Spills and Leaks from Pumps 151 

F. Fittings and Joints 153 
References I53 

154 
A. Introduction ....... ! ............................................................................ 154 
B. Degrees of Permeability .................................................................... 154 

I ,  Levels of Protection ..................................................................... 154 
2. Surface Materials 159 
3. Choosing a Surface Material .......................................................... 159 

C. Spill Containment Systems ................................................................. 160 
I .  Dike Systems .! ............................................................................ 160 
2. Curbs .......... ........................................................................ 160 
3. Sluny Trench Off Walls I60 
4. Secondary Containment Tanks ......................................................... 166 

D.Spill Collection Systems ................................................................... 166 
.......................................................... 166 

I .  Sorbents .................................................................................... 166 

E. Pumps , . . ~ ,  .,., .., 

.............................................................. 
.................................................................................... 

........................... CHAPTER 3: ABOVEGROUND: SPILL CONTAINMENT SYSTEMS 
. .  

..................................................... .............. 

.......................................................... 

E. On-Site Spill Cleanup ....... 
2. Soil Removal ,: .............................................. 
3. Trenching and Skimming ................ 
4. Recovery Wells .......................................................................... 
5. On-Site Detoxification .................................................................. I70 
6. Gelling Agents: ............................................. ......................... 170 
7 .  Biodegradation 'of Petroleum and Organic Chemical Spills , 

References ......... ................. ................................. 172 

FOR ABOVEGROUND STORAGE ................................................... 173 
A. Introduction ......................... 

I .  Level Sensors and Gauges 
2. High Level Alarms ....... 

5 .  Personal Monitoring of Sy 

CHAPTER 4: TRANSFEiR SPI 

B. Overfill Preventioi Systems ......... 
................. 175 

3. Automatic Shutdown or Flo 
4. Emergency Overflow to A 

€. Dry Disconnect Cpuplings or 
D. Redundant Valving and Instrumentation ................................................. I83 
E. Use of Established Transfer Stations .................................................... I 83 
F. Proper Transfer Practices ,.. ..................... 1x3 
G.  Regular Inspection and I83 
References ................... 

CHAPTER 5:  LEAK MONITORING 
A. Introduction .................................................................................... I85 
B. Aboveground Leak Detection Systems .................................................. 185 

CHAPTER 6: INSPECTION AND MAINTENANCE OF ABOVEGROUND TANKS ........ 186 

.......................... 

.............................. 

References !. .............. ......................... 185 

A. Introduction ..... :. ........................................................ 
B. Visual Inspection of Tanks ..,. .................................. 

I .  External Inspection - Tank in Service . .................... 
2. Internal Inspection - Tank Out of Se ............................... I88 

C. Visual Inspection: of Pipes, Valves, Fittin s ............................ 188 
...... 189 

E. Visual Inspection, of Instruments. Control Equipment and Electrical Systems . I89 
D. Inspection of Pumps and Compressors ...................................... 



? 

TABLE OF CONTENTS 
Page 

F. Inspection of Vapor Control Systems 
G. Inspection Tools and Electromechanic 

I. Hammering ................................................................................ 

5 .  Radiographic Tools 

H. Frequency of Inspections ..................... .................... 
I. Maintenance of Aboveground Tanks ............................................ 

I93 References ............... r... ..................................................................... 
CHAPTER I :  TEMPORARY CLOSURE. ABANDONMENT AND REMOVAL OF 

ABOVEGROUND TANKS .... 

References ........................... ........................ 
Appendix A: CHEMICAL AND PHYSICAL 

I .  Human Poisons ........................... 

............... 

............ .................... 
9. Biodegradables .,,.. ........................................................ 

Classifications ...... .................... ............................ 
............. 

Table A-3 ................................... ................ 

Appendix D: GLOSSA .................................................... ...,, .......... ..219-223 

-.. 

vii 

. . . . . . .  



LI§T OF FIGURES 

Number 

1.1-1 
1.1-2 
1,1-3 

1.1-4 
1.1-5 
1.1-6 
1.1-7 
1.1-8 
1.1-9 
1.1-10 
1.1-11 
1.1-12 
1.2-1 

1.2-2 
1.2-3 

I .2-4 

2. I 
2.1-1 
2.1-2 
2.1-3 
2.1-4 
2.1-5 
2.1-6 
2.1-7 
2.2-1 
2.2-2 
2.2-3 
2.2-4 
2.2-5 

2.2-6 
2.3-1 

2.3-2 

2.4-1 
2.4-2 
2.4-3 
2.4-4 
2.4-5 
2.5-1 

2.5-2 
2.5-3 
2.5-4 
2.5-5 
2.5-6 
2.5-1 
2.5-8 

8 Title Page 

Product Seepage ............................................................................................. . 4  
4 

Possible Migration of Product to Outcrop Followed by 

Effect of Clay Lens in Soil ......... .................................................................. 5 
Typical Behavior in Porous Soil Following a Sudden High Volume Spill .................... 6 
Behavior of Product After Spill has Stabilized ....................................................... 7 
Electrolytic Corrosion ........................................... ......................... 12 
Galvanic Corrosion,. ............................................................................ 

Magnesium Anode Cathodic Protection Typical Configuration 

Trapped Product Droplets .... .:. .............................................................. 
Second Cycle Contamination ........ ...................... ...................................... . 5  

Corrosion Mechanisms at an Underground Steel Tan&.. ............................... 
More Corrosion Mechanisms at an Underground Steel Tank ...................................... 16 

................ 19 
Impressed Current Cathodic Protection Typical Configuration. 
Typical Annual Tank Temperature Variation for an Underground 
Gasoline Tank ........................... ......................................................... 28 

...................................... 29 
Tank Temperature at Various Heights as a Function 
of Time for a 24-Hour Period After Tank Fill-Up .................................................. 30 
Mean Temperature Distribution'as a Function of 
Depth for Four Different 24-Hour Periods .............................................. 31 

Elements of an Underground Storage. Tank Installation,. ....... .................... 41 
.................... 45 

Tank Piping Details -:Submerge8 Systems ................ ................... .45 
Anchoring of Tanks Installed in High Groundwater T .................................... 49 
Magnesium Anode Cathodic Protection - Typical Co ............................. 51 

Location of Temperature Sensors in the SRI Tank ........ 

Tank Piping Details -.Suction, System ............................... 

Impressed Current Cathodic Protection - Typical Co ~ ................... 53 
Fiberglass-Reinforced Plastic Double Wall Tank. ...... 

Diagram of a Universal-Type ,Expansion Joint ........ ................ .......... 64 

Swing or Swivel Joints .... 

Typical Remote Pump Shut-Off Valve .................................................. 

in Area of High Groundwater .............. 

Tape Float Gauge for 'Underground Storage Tank ................................... 
Float Vent Valves Used for Overfill Prevention ....................................... 

.. .. ......................... 89 Types of Couplings .,,.. .......................... 

................... 
Double Wall Steel Tank with Epoxy Coating and Sa 

Double Walled Pipe ......................................... 
Action of the Bellows of an Expansion Joint ...................................... 
Typical Remote Pump Shut-Off Valve .................................................................. 70 

................................. 68 

.............. 

Synthetic Liner Installation for Storage 

Synthetic Liner Installation for Storage of 
in Area of High Groundwater .......... 

............................ 19 

Optical Liquid Level Sensing System for Tank Truc 
Optical Liquid Level Sensing System for Storage T 

Typical Applications of a Leak Monitoring System 
Based on Thermal Conductivity .......................................................................... 95 
Examples of Observation Wells.. ......................... 
Example of a U-Tube Installation ........................ 
Typical Wells for Continuous Gas or Vapor Monito 
Typical Single Monitoring Wet Well ....................... 
Typical Wet Well Cluster .... .:.. .......................... 

......................... 88 

.......................... 88 

.......................... 
............................. 103 

........................... 104 

.......................... 105 Schematic of a Typical Nested Monitoring Well ..................... 
Typical Single-Pump Recovery System ................. 

I 
viii 



LIST OF FIGURE§ 

Number 

2.5-9 
\ - 

2.6-1 
3.1 
3.1-1 
3.1-2 
3.2-1 
3.2-2 
3.2-3 
3.2-4 
3,2-5 
3.3-1 ~- 
3.3-2 
3.3-3 
3.3-4 
3.3-5 
3.3-6 
3.3-7 
3.3-8 
3.3-9 
3.4-1 
3.4-2 
3.4-3 
3.4-4 
3.4-5 
3.4-6 
3.4-7 
3.4-8 
3.4-9 

Title Page 

Typical Two-Pump Recovery System.. ............................................................ 
J-Tube Underground Tank Leak Detector I .................... ................... ~ 114 
Selected Components of an Aboveground 
Types of Atmospheric and Low-Pressure Tanks .._ , , , 
Aboveground Tank Connections ..................... ............................................... 130 

Typical Control Valve.. ...... 
Mechanical Seal 
Schematic Flow 
Bulk Plant Layout. 

........... 

........................ 165 

Elements of an Overfill Prevention System .... 

Magnetically Coupled Floats Used for Level Control ............................................... 178 

Magnetically Coupled Displacer Used for Level 
Flexure Tube Displacer Used for Level Control ................. 
Bubble Tube System Used for Level Control ....................................... 
Loading Arm Equipment with Automatic Shutoff .................................................... I82 

................. 
............................... 177 

Level and Shaft Float Used for Level Control ................................ .. 
Torque Tube Displacer Used for Level Control 

................ 179 

ix 

........ 



LIST OF TABLES 

Number 

1.1-1 
I . 1-2 

1.1-3 
1.1-4 
1.1-5 
1.1-6 
1.1-7 
1.1-8 
1.2-1 
I . 2.2 
I . 2.3 

1.2-4 
I . 2.5 
1.2-6 
1.2-7 
1.2-8 
I . 2.9 
2.1-1 
2.1-2 
2.1-3 
2.1-4 
2.1-5 
2.2-1 
2.2-2 
2.3-1 
2.3-2 
2.3-3 
2.3-4 
2.3-5 
2.4-1 
2.4-2 
2.4-3 
2.4-4 
2.5-1 
2.5-2 
2.5-3 
2.5-4 
2.5-5 
2.6-1 
2.6-2 
2.7-1 
3.1-1 
3.1-2 
3.1-3 

3.1-4 

3.1-5 
3.1-6 
3.1-7 
3.1-8 
3.2-1 

Title Page 

Types of Leaks from Bulk Storage and Handling Facilities ...................................... 8-9 

from Hazardous Liquid Storage Systems ............................................................... 9 
Guide to Discussions of Causes and Mitigative Measures for Spills or Leaks 

Leaks by Source Categories ............................................................................... 10 
Causes of Leaks in Steel Tanks ......................................................................... IO 
Causes of Piping Leaks .................................................................................... 11 
The Galvanic Series of Metals and Alloys ........................................................... 14 
Common Forms of Localized Corrosion .............................................................. 14 
Soil Corrosivity vs . Soil Resjstivity ..................................................................... 17 
Listing of Regulated .Hazardous Substances ........................................................... 23 
Reports Describing Hazardoub Materials ............................................................... 24 
Physical and Chemical Properties of the Twenty-Nine Most Commonly Used 
Hazardous Substances in New York State ............................................................. 26-27 
Total Force on Tank Ends Due to Internal Pressure ............................................... 32 
Storage System Components - Methods, Materials and Design Considerations ............... 33 
General Properties of Materials Used for Storage Tanks and Piping .......................... 34-35 
Aboveground vs . Underground Storage ................................................................. 35 
Compatiblity Chart: Chemicals vs . Structural Materials ............................................ 36 
References on Materials and Chemical Compatibility .............................................. 36 
Characteristics of Underground Storage Tanks ....................................................... 43-44 
Recommended Thickness of Steel Tanks ............................................................. 47 
Gallon Capacity per Foot of Length .................................................................... 48 
Surface Preparation Specifications 58 
Latest Coating Techniques ........................................................... :: .................... 59 
Important Criteria in the Design of Piping Materials for Underpsmd Service ............. 63 
Characteristics of Piping Materials for Underground Service 67 
Comparison of Underground Spill Containment Systems 75 
Comparison of Various Synthetic Polymeric Msmbranes ......................................... 77-78 
Chemical Compatibility of Membrane Liners with Hazardous Materials ...................... 78 

............................................................... 76 
Highlights of Soil Cement Design and Installation ................................................. 79 
Elements of a Good Overfill Prevention System ................................................... 82 
Characteristics of Pneumatic and Electronic Controls .............................................. 84 

Transfer Spill Prevention Systems ...................................................................... 88 

Applicability of Types of Leak Sensors in Tank Excavation Areas ............................ 96 
Types of Site Data Needed to Design Appropriate Groundwater Monitoring Programs ... 1W 

....................................................................... I 
.................................... 

.......................................... 

Considerations During Liner Placement 

Level Detection Devices for Underground Storage Tanks ......................................... 85 

Comparison of Various Leak Monitoring Techniques .............................................. 92-93 

Types of Groundwater Monitoring Wells ............................................................. 102 
Leak Detection System for . Manufacturers ............................................................ 104 
Comparison of Various Leak Detection Tests for Underground Systems ..................... 109-1 I O  
Apparent Loss of Product Volume Due to Tank End Deflection (in Gallons) .............. 112 
Closure. Abandonment and Removal of Underground Tanks .................................... 121 
Characteristics of Various Types of Aboveground Storage Tanks .............................. 128-129 

Underwriters LdbOrttOrkS Recommendations for Metal Thickness of 

Underwriters Laboratories Recommendations for 
Metal Thickness of Vertical Steel Tanks ......... ................................................ 134 
Miscellaneous Recommendhions for Steel Tank Fabrication ..................................... 135 
Liquid Chemicals Commonly Stored in Fiberglass Tanks ........................................ 135 
Performance Factors for Varioils Types of Fiberglass Tanks .................................... 136 
Partial Chemical Compatibility Chart for One Type of Polyolefin Tank ...................... 137 
Piping lnsrallation ;and Leak Prevention ............................................................... 141 

Current Publieations of the. American Petroleum Institute Pertaining to Storage Tinks ... 133 

Horizontal Steel Tanks ............ ..................................................................... 134 

f 

b 

1 i 
I 

X 1 



LIST OF TABLES 

. 
Number 

3.2-2 
3.2-3 
3.2-4 
3.2-5 
3.3-1 
.3. 3.2 
3.3-3 -~ 
3.4-1 
3.4-2 
3.6-1 
3.7-1 
3.7-2 

Title Page 

Characteristics of Piping Materials .................................................................... 143- 144 
The Functions of Valves ................................................................................. 146 

Items to Look for During Valve Maintenance : ...................................................... 150 
Comparison of Pump Seals .............................................................................. 152 
Spill Containment and Collection Systems ........................................................... 156 
Characteristics of Various Surface Materials ......................................................... 157-158 
Materials Absorbed by Imbiber Beads ................................................................. 168 
Transfer Spills Are Prevented by Using the Following Equipment and Practices ........... 173 
Level Detection for Overfill Prevention Systems for Aboveground Storage Tanks ......... 176 
Tank Inspection Point Listing ......................................................................... ..I8 6.187 
Closure. Abandonment and Removal of Underground Tanks .................................... 195 
References for Tank Cleaning Operations ............................................................. 196 



INTRODUCTION 

A. PURPOSE 

Within the past five to ten years there have been 
major advances in the technology and practices of stor- 
ing and handling hazardous liquids. New tank designs 
and tank materials have been applied to so1ve:problems 
of corrosion and to prevent leaks. Mechanical and elec- 
tronic flow control and level detection devices have 
been invented to prevent transfer spills and monitor 
storage volumes. Laser technology, capable of measur- 
ing the loss of product stored in a tank with a resolution 
of 0.000001 inches, has been used experimhally to 
test for tank leaks. Secondary containment designs have 
been developed and applied by many sectors of the in- 
dustry. 

It is the purpose of this report to evaluate these and 
other aboveground and underground storage practices. It 
is a report on the state-of-the-art for the following: 

@Tanks for storing hazardous liquids. 
@Secondary containment systems. 
@Piping and safety valves. 
@Overfill prevention systems and practices.' 
@Inspection, testing and monitoring. 
@Closure and abandonment practices. 
Hopefully, this report will provide timely 'informa- 

tion for the industry and government officials faced with 
problems on the storage of hazardous liquids and will 
encourage tlie use of the best technology and practices 
for preventing spills and leaks. 

I 

8. REPORT OVERVIEW ' 

This report is divided into three parts. Part,[ repre- 
sents an overview of the general concerns associated 
with the underground or  aboveground storage of, hazard- 
ous liquids. This part of the report includes discussion 
Of: 

@The properties and characteristics of varidus haz- 

eThe compatability of various tank and piping sys- 

@The types of leaks and problems which can occur 

@The cause of corrosion. 
@Other technical factors that must be considered 

prior to the storing of hazardous liquids. 
Part I1 of this report addresses the state-of-the-art 

for underground storage systems. Part I11 addresses 
these same items for aboveground storage systems. 

Some of the material discussed applies to both 
aboveground and underground systems, (herefore, cross 

ardous liquids. 

tem materials with certain hazardous liquids. 

in bulk storage facilities. 

referencing is employed throughout this report. More 
detailed references, such as those prepared by the 
American Petroleum Institute, the National Fire Protec- 
tion Association, and other institutions, are identified in 
the text. The reader is specifically directed to these 

measures for spill and leak prevention. 

petroleum products handled and stored in the state and 
the extensive information on the storage of these mate- 
rials available from the American Petroleum Institute 
and other organizations, much of the detailed material 
presented in this manual is drawn from the experience 
of the petroleum industry, Although the basic principles 
illustrated are applicable to the storage of all hazardous 
liquids, some of the specific details presented may not 
be directly applicable in all situations. There are many 
ways by which environmentally acceptable storage facil- 
ities can be achieved. The manual is intended to serve 
as a source of background information and guidance to 
aid govepment officials, designers and users of bulk 
liquid storage systems in understanding the many differ- 
ent considerations and features which may impinge 
upon design and installation of such systems. It is not 
intended as a standard or as a substitute for sound en- 
gineering practice as applied to the design and installa- 
tion of bulk storage systems for specific materials at 
specific locations. 

references for fnther information on the technology and 

Because of the large quantity of gasoline and other 

- 
I 

I 

i 
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Part I 
STORAGE OF 

HAZARDOUS SUBSTANCES 

INTRODUCTION 

The purpose of Part I of this report is to present 
background information describing the characteristics of 
hazardous substances, the types and causes of leaks and 
spills, and the behavior of these leaks and spills in the 
environment. Chapter 1 of this part of the repon addres- 
ses the types and causes of leaks from both aboveg- 
round and underground storage systems, the sources of 
leaks and spills and methods available to control them. 
This chapter also includes a description of the behavior 
of hazardous substances when they are spilled on or in 
the ground. 

Chapter 2 of this part of the report presents data 
on the types of hazardous materials of concern and their 
properties. This chapter refers to general listings of haz- 
ardous substances, and provides detailed information re- 
garding such items as type of hazard, specific gravity, 
boiling point, melting point, solubility in water, etc. for 
a select group of these substances. This chapter also 
provides information regarding the compatibility of vari- 
ous types of hazardous substances with the metals or 
other materials which may be used to construct storage 
system components (tanks, pipes, fittings, etc.). 

Part I 
CHAPTER 1: 

LEAKS AND SPILLS OF 
HAZARDOUS LIQUIDS 

A. BEHAVIOR OF HAZARDOUS LIQUIDS 
IN THE ENVIRONMENT 

1. Background [1,2,3,4] 

Spills (including leaks) of hazardous liquids can 
have substantial environmental, public health and social 
impacts. Such spills can result in the contamination of 
soils, surface water and groundwater supplies and air, 
all of which can directly affect crops, wildlife, plants 
and ultimately humans. Many hazardous liquids are 
conservative substances (Le., they do not biodegrade or 
decompose), therefore, once the substance has been 
spilled it will remain a hazard unless it can be removed 
to below the level of harmful concentration. 

A hazardous substance which finds its way into the 
environment may be a serious threat to the health of 
people who come in contact with it. It may contaminate 
water supplies, crops and food supplies, fisheries or 
wildlife habitat. The non-environmental impacts which 
result from spills of hazardous liquids can also be far- 
reaching. These impacts can include the following: 

oThe dislocation of people. 
QThe loss of valuable product. 
QThe loss of property resulting from contamination, 

QThe economic and social costs of spill cleanup 

Storage tank leakage problems are more readily 
controlled and resolved with aboveground structures be- 
cause the leaks are more likely to be visible. Below 
ground systems present potentially more serious prob- 
lems of contamination because of the likelihood of un- 
detected leakage, but minimize the possibility of fires 
and explosions when flammable and reactive chemicals 
are to be stored. The threat of potential. groundwater 
pollution must be balanced against other safety consid- 
erations. In some parts of New York State, groundwater 
is the only source of fresh water, and areas such as 
Long Island have already witnessed a large number of 
groundwater pollution incidents. A prime example oc- 
curred in East Meadow, Long Island where a service 
station leaked 50,000 gallons of gasoline from a below 
ground storage tank and the hazardous fumes seeped 
into the basements of more than a score of the sur- 
rounding homes. The gasoline distributor purchased the 
homes and they are still uninhabitable [I]. 

A contributing factor in the increasing number of 
documented incidents like this is the large number of 
active and abandoned underground storage tanks. New 
York State has more than 100,000 aboveground and 
buried bulk storage tanks containing a variety of chemi- 
cals (cleaning solvents, pesticides, industrial process 
chemicals, etc.). However, mosr contain petroleum, 
primarily gasoline. For these alone, the New york State 
Gasoline Retailers Association estimates that at least 
68,000 are underground at gasoline service stations. 
Roughly 24,000 of these tanks are at abandoned service 
stations that went out of business during the recent 
period of gasoline shortages. Although in disuse, many 
are suspected of containing a residual gasoline supply. 
In addition to the gasoline retailers, thousands of stor- 
age tanks across the State are used at motor depots, 
contracting yards, farms, schools, industrial sites and at 
some private homes [2]. 

Many tanks were installed in the early 1950’s when 
growth in the chemical industry and highway transpona- 
tion was booming. These tanks are now 20-30 years old 
- at or beyond their life expectancy. Other contributing 
causes to the problem include improper material selec- 
tion during the design stage and, just as important, im- 
proper installation practices. The percent of failure is 
not known but it is estimated that IO  to 20 percent are 
leaking [2]. 

fire, explosions, etc. 

[I]. 
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The effects of underground leakage and spills can 

be both short-and long-term, the short-term effects from 
gasoline spills, for example, as well as other hydrocar- 
bon type materials, are potentially devastating because 
of their volatile nature. Seepage of liquids and fumes 
into underground structures can result in gas and vapor 
accumulation and consequent explosion and h7alth haz- 
ards. In the long-term, contaminated underground water 
supplies (aquifers) are practically impossible to reclaim 
once they have been contaminated. To understand the 
potential hazard posed by spills and leaks of hazardous 
liquids, one must develop some understanding of the 
behavior of such spills and leaks. I 

2. Spill Behavior I 

Spills and leaks of volatile hazardous liquids may 
pose potential air quality and explosion problems. The 
level of potential hazard is dependent .upon seyeral fac- 
tors including the volatility of the spilled substance and 
vapor dispersion characteristics in the vicinity of the 
spill or leak, Surface waters may also. be contaminated 
by spills and leaks traveling across or within soils pos- 
ing a potential threat to aquatic life and human health. 

However, of primary concern in New York State 
is the potential effect that spills or leaks may t?ve upon 
soils, surface water and groundwater [I]. Hazardous liq- 
uids spilled or leaked into soil typically tend to flow 
downward. with some lateral spreading due to gravita- 
tional forces, as illustrated in Figure I .  I:I. The rate of 
movement in the soil will depend on product properties 
such as solubility, miscibility. viscosity, soil permeabil- 
ity and compaction. and the rate or volume of the leak 
or spill. For example, given the same soil properties, 
lighter liquids, such as gasoline. will penetrate the soil 
rapidly. while heavier. more viscous liquids will move 
more slowly. Alternately, if the soil has a low permea- 
bility, as is characteristic of clays, the product may 
have little or no penetration. However, if the soil is 
very porous, the product will penetrate it quickly. 

Absorption by Soil 13.41. As spilled liquids pass 
downward through soils, individual soil particles will be 
coated with a thin film of that liquid. In addiiion. sur- 
Pace tension will act to hold small amounts of that liq- 
uid in the voids between soil particles., as shown in fig- 
ure 1.1-2. These actions combine to result in  the ab- 
sorption of the liquid into the soil. Once absorbed, ex- 
traction of the liquid is virtually impossible. 

A spilled or leaked liquid will move downward 
in the soil until: 

811 is absorbed by the soil. 
*It encounters an impermeable bed or lilyer. 
*It reaches the water table. 
*It seeps from groundwater to surface water. 

I 

Movement at a n  Impermeable Layer [3,41. The 
downward movement of a spilled liquid through soil is 
affected by variations in permeability of the soil layers 
through which it passes. If the flowing liquid encounters 

either it becomes immobile or it comes to the surface 
at the outcrop of the impermeable layer. Should the lat- 
ter phenomenon occur, a second cycle of soil contami- 
nation could begin (Figure 1.1-3). 

Note that Figures 1.1-3 through 1.1-6 illustrate the 
movement of product which is lighter than water and 
immiscible. A spilled chemical with a specific gravity 
greater than 1.0 will tend to sink to the bottom of the 
aquifer while one with a high solubility wil; tend to mix 
with the groundwater. 

Downward movement of spilled material may also 
be complicated by the presence of thin lenses of mate- 
rial with low permeability (Figure I ,  1-4). If such lenses 
are present, the fluid path could be substantially altered. 

Movement Into Groundwater [3]. The following 
excerpt from API Publication 1628 describes the intru- 
sion of spilled liquids into groundwater: 

an impermeable layer of soil it will spread laterally until - 

“The contact of spilled product with the 
water table usually is the most troublesome re- 
sult of an on-land spill, This condition greatly 
increases the risk of polluting a water supply, 
and may increase the chance of movement to 
some underground structure, such as a base- 
ment, sewer or conduit. The degree of risk de- 
pends on the nature of the groundwater system 
and the way it  is utilized. 

Figure 1.15 illustrates a pattern of oil des- 
cent to a water table. A sudden, large-volume 
spill will depress the water table and spread in 
all directions in a layer above the water table. 
As the kyer  becomes thinner, it will begin to 
move in the direction of groundwater flow 
(Figure I .  1-6). 

A slower leak will descend in a narrow cone 
and spread in the direction of water movement. 
Lateral spreading will usually be slower than 
the flow rate of the groundw?ter.”[3] 

More detail discussions of this type can be found in API 
Publication 1628 131, and NFPA 329 141. 

i 
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Figure 1.1-1 

Product Seepage 

LAND SURFACE 
/ 

HIGH VOLUME 
SEEPAGE 

INTO 
PERMEABLE 

SOIL 

SLOW SEEPAGE 
INTO 

PERMEABLE 
SOIL 

SEEPAGE INTO 
STRATIFIED SOIL 
WITH VARYING. 
PERMEABILITY 

1 
Source: API Publication 1628, Underground Spill Cleanup Manual, 1980. 

Figure 1.1-2 

Traoued Product DrQDktS 

Source: API Publication 1628. Underground Spill Cleanup Manual, 1980, 
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Figure 1.1-3 

Possible Migration of Product to Outcrop 
Followed by Second Cycle Contamination 

PERMEABLE SOIL 

IMPERMEABLE CLAY 

Source: API Publication 1628, Unherground Spill Cleanup Manual, 1980. 
I 

Figure 1.1-4 
Effect of Clay Lens in Soil 

f 

i 

Source: API Publication 1628, Underground Spill Cleanup Manual, 1980 , 

I 
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Figure 1.1-6 
Behavior of Product After Spill Has Stabilized 

I 

Source: API Publication 1628, Uiiderground spill CIeariup Manual, 1980. 
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Movement from Groundwater to Surface Water. 
Contaminated groundwater may enter surface water 
through springs or by direct influent seepage into a 
creek, lake or river. It may now become visible or be 
detected by odor. The presence of the contaminnnt may 
also be apparent if there is a fish kill. It will cause im- 
mediate concern if the surface water is used for drinking 
water or for primary contact recreation (bathing). 

' 
@Standardized practices for periodic inspection and 

QA leak detection system with periodic monitoring. 
QProcedures for inventory control. 
ospili containment facilities. 
@Emergency response procedures. 
@Guidelines and procedures for the closure and 

abandonment of storage systems. 
OTransfer facility design requirements. 

preventive maintenance. 

3. The Importance of Spill Prevention 

The first line of defense against the potential en- 
vironmental and public health impacts of hazardous liq- 
uids spills and leaks is the implementation of good spill/ 
leak prevention practices. Such prevention pracrices are 
always more cost-effective and environmentally effec- 
tive than attempts to clean up a spill or leak after it has 
occurred. For this ieason, the importance of adopting 
and rigidly following a spill/leak prevention and detec- 
tion program cannot be overemphasized. 

The practices which can he employed for spill and 
leak prevention are discussed in detail throughout the 
remainder of this document. 

B. TYPES AND CAUSES OF SPILLS 
AND LEAKS [1,5,6,71 

' 1. General 
/ 

Spills and leaks of hazardous liquids at bulk stor- 
age facilities, either above or below grade, may ema- 
nate from any of several sources and may be precipi- 
tated by one or more of several causes. The types of 
spills which may occur include: ( I )  large spills such as 
those that result from tank or pipe rupture; (2) slow 
leaks or drips such as those that result from slow de- 
terioration (e.g. corrosion) of a storage system compo- 
nent; and (3) small spills such as those that result from 
fluid transfer mishaps (e.g. overfills) or other storage 
yard spills. Spills or leaks can also occur as a general 
result of poor housekeeping practices, or as a result of 
vandalism or acts of malicious intent. Spills or leaks 
can occur anywhere in the bulk storage facility where 
liquids are handled or stored if proper care is not taken. 
Examples of leak locations from hulk storage and han- 
dling facilities are presented in Table I ,  1-1. 

An adequate spill/leak prevention and detection 
program has a number of key elements, including the 
following: 

eTank (material) selection guidelines. 
QTank installation guidelines. 
QPiping system (material) selection and installation 

@Steps for corrosion and tank failure prevention. 
@An overfill prevention system and overfill protec- 

guidelines. 

tion guidelines. 

Table 1.1-1 

Types of leaks from Bulk Storage and 
Handling Facilities 

BulkStorageFacilities-Tank FarmsandTankage 
1. Leaks and overfilling of tanks 
2. Rupture of tanks 
3. Leaks in pipe, valves and fittings 
4. Leaks in containment dikes 
5.  lnadequate dike volume to hold contents of 

6. Product flow from dike area through open 

7. Leaks from pump seals and maintenance 
8. Level instrument failure allowing tank 

9. Piping damage by collision with mobile 

leaking tanks 

dike valve 

overfilling 

equipment 
IO. Spills from water drawoff from 

storage tanks 
11. Spills from tank bottom cleanout and sludge 

disposal 
12. Improper disposal of samples 
13. Overflow of wastewater treatment systems 

14. Poor maintenance of pipe, valves 

IS. Plugging of drainage system by debris 
16. Wastewater treatment systems with insuffi- 

17. Inadequate secondary containment devices 
18. Spills from line flushing 
19. Spills from pipe and tankage changes 
20. Possible sabotage 
21. Improper installation 

Bulk Handling Facilities - Terminals, Pipelines 

by rainfall flooding 

and fittings 

cent capacity to remove product 

1. Spills from quick-connect coupling 

.2. Overfilling tank trucks, tank cars, barges, 

3. Lack of curbs, drains and spill collection 

4. Improper operation of productjwater 

operation 

tankers, etc. 

system 

separators 
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Table 1.1-1 continwd : 
5.  Leaks from loading arms, especiallyjoints : 

6. Leaks from underground storage tanks ' 

7. Improper disposal of sludge from 
product filters 

8. lnsufficent sump capacity (should be equal 
to volume of largest compartment of tank ,  
truck of rail car) 

9. Leaks from damaged loading connections I 

IO. Operators incorrectly setting loading meters 

I I .  Level instrument and subsequent sump . 
12. Leaks from heating coils in heavy fuel tanks 
13. Possible sabotage 
14. Improper installation 

and gaskets 

I and tanks overfilling 

pump failure on oil sumps 

Adopied.from refwence 5. 

These causes of storage system leaks and spills and 
srate-of-the-art methods of controlling them are ad- 
dressed briefly in the discussions of abaveground and 
underground storage systems that follow this section. A 
guide to the more detailed discussions of these, items 
throughout Parts I I  and 111 of this document is presented 
in Table I .  1-2. 

2. Aboveground Storage Systems [1,5,8,91 : 
The deterioration of the components of aboveg- 

round storage systems can occur for any one of several 
rcasons. The most common reason for component de- 
terioration, particularly the deterioration pf metal, com- 
ponents. is corrosion [ I ] ,  which is addressed in detail 
later in this section. Other reasons include the follow- 
ing: 

eMechanical failure, such as failure of valve;, gas- 
kets or pumps. 

C r a c k s  in tanks, piping or fixtures which cohd re- 
sult from faulty welding. unrelieved stress concen- 
trations around fittings. insufficient reinforcement 
around openings, settlement or earth movement. 
vibration. or poorly designed repairs [XI. 

Methods of controlling the deteriarati(p of storage 
system equipment include: ( I )  the use of better system 
designs: (2) the incorporation of a good preventive 
maintenance program; and (3) proper training of em- 
ployees. 

Leaks and spills due to overflow. overfilling and 
other liquid transfer operations are another important 
category of product loss from storage systems. These 
can be controlled through the use of overflow protection 
devices and level sensing devices in storage tanks; the 

I 

use of secondary containment, curbing, pumps, etc.: 
and the incorporation of adequate housekeeping and op- 
erational procedures. 

improper installation of storage tanks and related equip- 
ment, Many leaks can be traced to problems such as: 

One of the most important causes of leaks is the / 

ODamage to tank coatings. 
oOutright structural damage to the tank and other 

equipment during transportation and installation. 
eThe more subtle damage associated with the im- 

proper installation of beddings and foundations for 
tanks and piping systems. 

QThe improper conneFtion of system components, 
such as the improper installation of valves, flanges 
or other fittings. 

'3Overpressurization caused by o v e r f i h g  or impro- 
per venting of tanks. 

Problems such as these can be avoided through 
careful adherence to the design and installation require- 
ments of storage system components. 

Sloppy housekeeping also results in spills and 
leaks. Such accidents can be avoided through the im- 
plementation of good housekeeping practicies. A clean 
and orderly work area reduces the possibility of acci- 
dental spills caused by mishandling of equipment and 
should reduce safety hazards to plant personnel. Exam- 
ples of good housekeeping include neat and orderly 
storage of chemicals; prompt removal of small spillage; 
regular garbage and rubbish pickup and disposal; 
maintenance of dry and clean floors by use of brooms, 
vacuum cleaners, or cleaning machines; and provisions 
for storage of containers or drums to keep them from 
protruding into open walkways or pathways. 

\ 

9 

I 



A good security system is helpful in preventing 
hazardous chemical spills or leaks due to vandalism, 
theft, sabotage or other improper and illegal use of stor- 
age plant facilities. The elements of such a system 
could include the following: 

eRoutine patrols of the plant by security personnel. 
@Fencing. 
eGood lighting. 
@Vehicular traffic control. 
OControlled access to the plant. 
eLocked entrances. 
@Locks on drain valves and pumps for chemical 

QTelevision monitoring. 
storage tanks. 

3. Below Ground Storage Systems [1,5,lO] 

Underground storage systems are susceptible to 
leaks and spills from the same types of causes as 
aboveground storage systems, and, in general, the same 
methods of spill and leak control are applicable. In the 
case of thse systems however, data indicates that corro- 
sion and poor installation are by far the most common 
causes of storage system leaks and spills [ l , lO] .  For ex- 
ample, the American Petroleum Institute (API) con- 
ducted a survey of I ,7 17 underground tanks and piping 
systems that were known to be leaking. The data was 
collected via questionnaire from 1977 through 1980. A 
categorization of the reported leaks is displayed in Table 
1.1-3. Since no data base exists in this study concerning 
the number or age of the various types of tanks in the 
ground at the time of this survey or the average ages 
of each type of tank, the use of the study for comparing 
types of tanks is meaningless. Much valuable data is 
contained in the study but any attempt to compare tank 
types would be a misuse of the data. 

The life expectancy of any given tank is difficult 
to predict. Experience has shown that underground steel 
tanks have a finite life, but this life is variable between 
5 and 45 years depending on the thickness of the steel, 
installation practices, soil'resistivity. pH, soil moisture 
level, the presence of sulfides, the type of backfill ma: 
terial used, and the tank size. The average life expec- 
tancy of these tanks is about 15 years, but age by itself 
is a poor indicator of tank integrity. 

The causes of leaks in steel tanks, as determined 
by the APl Leak Survey, are shown in Table 1.1-4, 
Overall, roughly 91 percent of the leaks in steel tanks 
were caused by corrosion. Other causes included loose 
fittings and physical breakage. Of the 28 leaking 
fiberglass tanks included in the survey, 9 had dip stick 
punctures, 4 had breakage from improper handling, I 
had a backhoe puncture, and 14 had experienced phys- 
ical breakage or separation due to other causes. For pip- 
ing systems, corrosion was also the most common cause 
of leaks as shown in Table I .  1-5. 

\ ' 

Table 1.1-3 

Leaks by Source Categories 

Source 
Percent 

Number of total 

Unprotected Steel Tanks 913 
Steel tanks with 
Impressed Current 
Steel tanks with 
Sacrificial Anodes 
Interior Coated 
Steel Tanks 
Fiberglass tanks 
Steel piping 
Fiberglass piping 
Steel piping with 
Impressed Current 

13 

0 

' 7  
28 

454 
50 

7 

Sub-Total 
Unspecified Tanks 
Unspecified Piping 

Total 

1472 
216 

29 
1717 

Source Refereiicc IO, 

62 

0.9 

0.0 

0.5 
1.9 

30.8 
3.4 

0.5 

100 

Table 1.1-4 

Causes of Leaks in Steel Tanks 

Percent 
Cause Total of Total 

Corrosion 715 90.7 

Loose Fittings I O  1.2 
Physical Breakage 14 1.6 
Other 55 6.4 

Sub-Total 854 99.9 I Unknown or unanswered 59 

/ 



Table 1.1-5 

Causes of Piping Leaks 
t 

Eercent 
Cause Number of Total 

Corrosion 343 66.6 
Flex Connector Failure 31 6 
Physical Breakage 34 6.6 
Loose Fittings 57 11.1 
Other 50 9.7 

Sub-Total 515 100 
Unknown or Unanswered 25 

Note: These tables emphasize the importance of 
corrosion as a cause ofstorage system leaks. 

I 

Source: Rcfcrcncc IO. 

I 
Underground tanks which are connected together 

with siphoning pipes present unique problems. Leak 
testing becomes difficult, if not impossible: to accom- 
plish. the ususal reason for siphoning betwien tanks is 
to add capacity to a system. When a small tank does 
not provide enough gallonage for increased business 
(usually after several years), a secopd tank ;is installed 
and is connected to the first with a siphon. The new 
tank and the new piping become targets for electrolytic 
corrosion from the old tank. 

C .  CORROSION [8,11,12,13,14,15,16,17~18,19,201 

The corrosion of tmks and piping systems is a 
complex phenomenon that may take one or more of sev- 
eral forms. Corrosion results from interactions betweeen 
the tanks and piping and their surroundings, both inter- 
nal and external. 

The deterioration of plastics and other non-metallic 
materials, which are susceptible to softening, cracking, 
swelling. etc.. is essentially chemical in nature [ I l l .  
Non-melallic materials may deteriorate rapidly when ex- 
posed to corrosive elements. The .corrosion of non- 
metallic storage system components can be; controlled 
and essentially eliminated through proper selection and 
careful handling of tank and piping materials. 

'In metallic materials, corrosion is a chemical or 
electrochemical process. Corrosion control in, these ma- 
terials is therefore more complicated, The remainder of 
the discussion in this chapter focuses on the causes of 
internal and external corrosion of metals, the factors 
which influence this corrosion, and the steps.which can 
be taken to protect against this form of deterioration. 

I 

1. Corrosion Mechanisms 

As stated above, the corrosion of metals is primar- 
ily an electrical process; it may take the form of either 
galvanic or electrolytic corrosion. As shown in Figure 
1.1-7, electrolytic corrosion is a result of direct current 
from outside sources entering and then leaving a par- 
ticular metal stmcture by way of the electrolyte (sur- 
rounding material, such as soil for underground stmc- 
tures or water for submerged structures). The stmcture 
is usually unaffected or  is provided with some degree 
of protection at the point the current enters (the cathodic 
area), Corrosion occurs where the current leaves the 
structwe (the anodic area). In underground stmctures, 
this type of corrosion is often referred to as stray cur- 
rent corrosion, and is a result of current entering the 
ground from sources of DC current such as street rail- 
ways or DC machinery. 

The mechanisms of galvanic corrosion are illus- 
trated in Figure 1.1-8. Galvanic corrosion is a self-gen- 
erated activity resulting from differences in electrical 
potential that develop when metal is placed in an elec- 
trolyte. These differences in electrical potential can re- 
sult from the direct coupling of dissimilar metals, or 
they can result from variations in conditions which exist 
upon the surface of a single metal. The variations could 
include: 

OVariations resulting from non-homogeneity of the 

@Differences which exist within the electrolytes. 
When two dissimilar metals are connected electri- 

cally and immersed in an electrolyte, as shown in Fig- 
ure I ,  1-8, current will be generated and galvanic corro- 
sion will occur in one of the metals. Current from the 
corroding metal will flow into the electrolyte. over to 
the non-corroding metal, and then back through the con- 
nection between the two metals. The corroding metal 
(the one from which current leaves to enter the electro- 
lyte) is known as the anode; the metal which receives 
current is known as the cathode. Table 1.1-6 shows the 
anodic-cathodic (galvanic) series of various metals. 

Alternately, as stated previously, the same metal 
F m  develop differences in potential, and, as a result, 
portions of the surface of that metal become anodic with 
respect to the remainder of the surface. As shown in 
figure 1.1-8, corrosion will occur at these anodic loca- 
tions. 

Electrolytic and galvanic corrosion are similar in 
that corrosion always occurs at the anodes. The essen- 
tial difference between the two is that in electrolytic 
corrosion it is the external current which generates the 
corrosion, whereas in galvanic corrosion it is the corro- 
sion activity which generates the current. 

metal. 

\ 
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2. Forms of Corrosion [8,111 material if viewed without magnification. Localized cor- 
rosion results in a non-uniform loss of material from the 

scribed briefly in Table 1.1-7. 
~ The deterioration of tank or piping material may 

corrosion appears as a relatively uniform loss of surface 

corroded structure. Types of localized corrosion are de- ', appear as either general or localized corrosion. General 
~ 

Figure 1.1-7 

Electrolytic Corrosion 
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Source: Harco Corporation 
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Figure 1.1-8 

,Galvanic Corrosion 
I 
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Table 1.1-6 

The Galvanic Series of Metals and Alloys 

Corroded End (Anodic, or Least Noble) 

Magnesium 
Zinc 
Galvanized steel or galvanized wrought iron 
Aluminum 
Cadmium 
Mild Steel 
Wrought iron 
Cast iron 
I3 percent Chromium stainless 
18-8 stainless type 304 
Lead 
Tin 
Naval brass 
Nickel (active) 
Inconel (active) 
Yellow brass 
Aluminum Bronze 
Red brass 
Copper 
Silicon bronze 
Nickel (passive) 
18-8-3 stainless type 316 
Silver 
Graphite 
Gold 
Platinum 

Protected end (Cathodic, or Most Noble) 

Note: In general, when dissimilar metals are 
used in contact with each other in an elec- 
trically conductive enviroment, combina- 
tions of metals should be chosen that are 
as close as possible in the galvanic series. 
The coupling of two metals which are far 
apart in the series will result in more 
rapid deterioration of the more active 
metal. However. this table should be used 
only as a general guide since exceptions 
to this series may be encountered. 

Adapted from rclcrenec 11. 

3. Factors Influencing Corrosion [8,11] 

There are innumerable factors that can influence 
the presence and rates of internal and external corrosion 
in both aboveground and underground storage tanks and 
piping systems. The more prominent of these factors in- 
clude solution acidity, temperature, moisture levels, 
oxygen levels, soil resistivity, and bacterial action. The 
following discussion explains the importance of these 
and other factors. The more important of these factors 
are highlighted in figures I ,  1.9 and I ,  1 -IO. 

Electrolyte Acidity. The acidity of the electrolyte 
(solution, soil, etc.) with which the material is in con- 
tact could have a substantial affect on the rate of corro- 
sion. Acidic (low pH) electrolytes are, as a general rule, 
more corrosive than neutral (pH 7) or alkaline (high pH) 
electrolytes in the case of ordinary iron and steel. How- 
ever, for the amphoteric metals, such as aluminum and 
zinc, highly alkaline electrolytes may be more corrosive 
than acidic electrolytes. The effects of electrolytic acid- 
ity are highlighted in Figure I .  1-9. 

Presence of Oxidizing Agents. The presence of 
oxidizing agents, of which oxygen is the most promi- 
nent, may accelerate the corrosion of one type of mate- 
rial and retard corrosion in another type. 

Table 1.1-7 

Common Forms of Localized Corrosion 

Type Description 

Pitting Corrosion 

, 

Formation of shallow de- 
pressions or deep pits (cav- 
ities of small diameter). 

Stess Corrosion Corrosion accelerated by 
Cracking residual stresses resulting 

from fabrication opera- 
tions or unequal heating 
and cooling of structure. 

Occurs at the point of con- 
tact or crevice between a 
metal and non-metal or 
two metals. 

Contact or Crevice 
Corrosion 

Intergranular Selective corrosion at the 
Corrosion grain boundaries (micros- 

copic) of a metal or alloy. 
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I Figure 1.1-9 

Some .Corrosion Mechanisms at an Underground Steel Tank 

(a) Dissimilar Soils. yorialions in soil type or soil properties such as acidity 
or reslivity con lead to corrosion in an underground sleei Structure. 

I 

, PAVEMENT 

, HOMOGENOUS BACKFILL 

STEEL TANK --- 

(bl Baclarial Activity, The melobolic octivily of certain microorganisms 
can create corr0siv.e anvlronmsnto oround on underground structure. 

c 
P 

r 
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Figure 1.1-10 

More Corrosion Mechanisms at an Underground Steel Tank 

i 

Other itams which con promote corrosion ot  underground st@el tanks include 
the presence of dissimilar metals or moisture, as shown in  the figures below. 

The curled orrows ('v) show the f l o w  direction of electrical current in 
these f igures. 

PAVEMENT 

HOMOGENOUS BACKFILL 

NEW STEELTANK 

(NO CORROSIONI 

( 0 )  DissimilorMetols. Exposure to dissirniior metals, such os connection of o 
tonk with rnetol pipe with different properties, or buriol of o new tonk 
near on old tonk, con leod to corrosion. 

~~ 

I PAVEMENT 

(b) Moistura. The presence of rnoiature con cause differences in electric 
potential which result in corrosion. I 
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Temperature. The rate of corrosion tends to in- 
crease with rising temperature. Temperature also has a 
secondary effect through its influence on the splubility 
of air (oxygen), which is the most common oxidizing 
agent influencing corrosion. 

Surface Films. Once corrosion ,has started, its 
progress is often controlled by the nature of the film 
that forms on the corroding metal. Some corrosion 
products may be insolubale and completely impervious 
to the corroding solution and, therefore, completely pro- 
tective; or they may, be very permeable and thus allow 
localized or general corrosion to proceed unhindered. In 
addition, discontinuous or non-uniform films may in- 
duce localized corrosion in particular areas. 

Bacterial Action. The metabolic activity 0; certain 
microorganisms can either directly or .indirectly affect 
the corrosion of metals. Such activity can: 

oProduce a corrosive environment. 
oCreate electrolytic concentration cells, leading to 

OAlter the resistance of surface films. 
OAlter the environment composition. 
oInfluence the rate of anodic or cathodic reiction. 
An example of microorganisms that directly influ- 

ence corrosion rates are the sulfate-reducing bacteria 
found in many soils. These bacteria use hydrogen to re- 
duce sulfate contained in the soil. The corrosion,of met- 
als results in the formation of hydrogen on the metals 
surface. If this hydrogen is not removed corrosion is in- 
hibited. Sulfate-reducing bacteria can consume this hy- 
drogen, thus speeding up the rate of corrosion. In addi- 
tion, the reduction of sulfate results in the formation of 
hydrogen sulfide, which, in turn, causes further corro- 
sion. This effect is shown in Etgure 1.1-9. 

Soil Resistivity. Soil resistivity is a measure of the 
resistance of soil to the flow of electric current, and is 
a very important factor in determining the potential rate 
of corrosion of underground pipes and tanks. The lower 
the resistivity of the soil, the greater the probability of 
corrosion. Soil resistivity is dependent upon several fac- 
tors, including soil moisture content. In general, soil re- 
sistivity is low where soils are moist and groundwaters 
contain high levels of dissolved solids. The relationship 
between soil resistivity and corrosivity 1s demoprated 
in Table 1.1-8. 

Moisture Level. The presence of :water can also 
promote corrosion of metals. The presence of moisture 
in soils acts to reduce soil resistivity thereby intreasing 
.the probability of corrosion (see Figure 1.1-10). Water 
accumulation inside tanks is also a major cause of inter- 
nal corrosion. Water is often present in tanks-due to 
condensation, precipitation from tank contents, and be- 
cause water is often used as a ballast for underground 
tanks. 

Soil Variations. Corrosion of underground tanks 
and pipes can be influenced by variations in soil condi- 
tions along the surfaces of those tanks and pipes. Varia- 
tions in soil type, soil resistivity, moisture content, etc., 
can promote galvanic activity in the buried metal, thus 
accelerating the rate of corrosion. 

. 

crevice corrosion. I 

Table 1.1-8 

Soil Corrosivity VS. Soil Resistivity 

The USDA Soil Conservation Service has catego- 
rized soil corrosivity levels as follows: 

Class of Soil Resistivity 
Corrosivity Type of Soil (ohm-cm) 

Very High Well Drained Gravel Below 1.m 

Medium Poorly Drained Sand 

LOW Poorly Drained Fine 

Very Low Poorly Drained Clay Above 10,oOO 

High Sand and Gravel l,m to 2 , m  

and Gravel 2,m to 5,m 

Sand and Silt 5,m to 10,m 

Environmental Elements. Corrosion can also be 
influenced by the presence of atmospheric pollutants, 
both externally and internally. For example, sulfur 
dioxide can form sulfuric acid in the presence of air and 
moisture and can thus promote corrosion of certain met- 
als. 

Adjacent Underground Metal Structures. Corro- 
sion of underground tanks and piping can also result 
when new structures are installed near existing tanks or 
other underground metal structures or when new piping 
is installed. Since the older structures have rusted to 
some extent, they can become cathodic to the newer 
tanks or pipes. The system becomes an electrical cell. 
The older tank acts as a cathode. The newer metal 
(tanks or pipes) becomes an anode and the moist soil 
or fill which separates them becomes an electrolyte. A 
current flows through the system, carrying oxide, 
chloride, sulfide, etc., ions to the new metal surfaces 
and carrying metal ions away from the new surfaces. If 
the surface area of the old structure, as for instance a 
large tank, is much greater than the new structure (a re- 
placed length of pipe), the replacement of the new sur- 
face with corrosion products (rust) will proceed at a rel- 
atively fast rate. This effect is illustrated in Figure I .  1- 
10. 

Stray Electrical Currents. Stray underground cur- 
rents from nearby electrical facilities using DC current, 
such as electrified railway or transit systems, factories, 
shops or nearby cathodic protection rectifiers can induce 
electrolytic corrosion in underground tanks and pipes. 
This effect has been shown in Figure 1.1-7. 

Internal corrosion of underground tanks is also 
often found directly under the fill pipe. This is fre- 
quently caused by repeated impact of the measuring dip 
stick. If the stick does not have a soft tip, the impact 
breaks down any protective film which may have de- 
veloped on the tank surface. The result is selective cor- 
rosion. 

f 
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4. Corrosion Protection [8,11,20] 

There are a number of methods available to protect 
against corrosion. These include the use of soluble in- 
hibitors, protective coatings, cathodic protection and the 
use of corrosion resistant materials of construction. No 
method or material is a universal containment; the con- 
taining material or system must be “fitted“ to the prod- 
uct beine contained. 

\ 
- 

T 
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Soluble Corrosion Inhibitors. Soluble inhibitors 
are substances which can be added to the contents of a 
storage system to inhibit internal corrosion. The choice 
of a particular chemical for use as an inhibitor is largely 
dependent on the composition of the storage system and 
its contents. Typical examples of inhibitors that are used 
to minimize the corrosion of iron and steel in aqueous 
solutions are the chromates, phosphates and silicates. 
These substances act to increase anodic polarization and 
are therefore called anodic inhibitors. Substances which 
control cathodic polarization, such as certain organic 
sulfides or amine materials are effective in minimizing 
the corrosion of iron and steel in acid solutions. These 
substances are called cathodic inhibitors. 

Paints; Coating and Linings. Paints and coatings 
are widely used as protective measures against corro- 
sion, particularly corrosion due to exposure to atmos- 
pheric elements. In these instances the paint helps to ex- 
clude water and oxygen from the metal surface, thus 
minimizing corrosion. Inhibitive pigments, such as red 
lead or chromates, can be used in paints to protect met- 
als against corrosion. These pigments can act to inhibit 
corrosion through several mechanisms: ’ oThe pigment may neutralize acids. 

oThe pigment may promote the formation of pro- 
tective ferric oxide films at the iron surface. 

oRed lead breaks down sulfur dioxide, which is a 
very corrosive constituent of ambient air in urban 
and/or industrial areas. 

Linings applied to the walls of tanks and piping 
can also serve to protect these structures from contact 
with their environment, thereby inhibiting corrosion. 
Examples of common lining materials are rubber, 
epoxies and silicones. A more detailed discussion of 
coating and lining properties, and their resistance to 
chemical and electrochemical attack, is included in Part 
I1 of this document. It should, however, be noted that 
no tank or pipe coating is impervious, no matter how 
carefully it is applied. Flaws will eventually develop 
and accelerated corrosion will occur at these breaks in 
the coatings. Consequently, tanks or pipes that are 
coated, without other forms of protection frequently fail 
faster than bare structures. Thus, most present-day in- 
stallation codes require coating in concert with another 
form of corrosion prevention. such as cathodic protec- 

Cathodic Protection. Cathodic protection is a 
widely used and highly recommended method of protec- 
tion for tanks and pipes. It is particularly effective in 
underground applications. The method works by revers- 
ing the electrochemical action of corrosion. Instead of 
allowing electrons to flow away from the structure 
(thereby permitting corrosion to occur) an electron flow 
toward the structure is induced, thereby protecting the 
Stmcture. 

Cathodic protection can be applied to either bare 
metal or coated metal, but is more effective and less ex- 
pensive on coated stmctures. On bare tanks, cathodic 
protection may be only 90 percent effective, due 
primarily to the existence of active pits into which the 
protective current cannot penetrate [l9]. There are two 
basic types of cathodic protection. These are the sacrifi- 
cial anode (or galvanic) cathodic protection method and 
the impressed current (or electromotive force) method. 

The galvanic cathodic protection >method employs a 
sacrificial anode, such as magnesium or zinc, in electri- 
cal contact with the metal structure to be protected. 
These may he anodes buried in the ground for the pro- 
tection of underground tanks, or attached to the surface 
of materials in electrolytic solutions (i.e., the tank or 
pipe). The current required is generated by corrosion of 
the sacrificial anode material. A typical galvanic 
cathodic protection system for underground tanks and 
piping is illustrated in Figure I .  1-1  I .  

The impressed current cathodic protection method 
employs direct current provided by an external source. 
This current is passed through the system by the use of 
non-sacrificial anodes such as carbon, non-corrodible al- 
loys, or platinum. These anodes are buried in the 
ground (in case of underground structures) or other- 
wise suspended in the electrolyte and connected to the 
external power supply. An impressed current system for 
underground tanks and piping is illustrated in Figure 
1.1-12. 

Note that the National Association of Corrosion 
Engineers’ recommended practice NACE RP-0 1-69 rec- 
ommends a -0.85 volt potential, tank to soil, as mea- 
sured by a Cu-CuSQ4 half cell reference. This will en- 
sure continued cathodic protection. 

Electrical Isolation. Electrical isolation is another 
method of corrosion prevention. As the name implies, 
it involves the use of non-conductive dielectric fittings, 
bushings, connections, etc. to electrically isolate metal 
components in a storage system; this minimizes the po- 
tential for the generation of electrical currents between 
dissimilar metals. Electrical isolation is often employed 
in concert with other corrosion prevention methods, 
such as sacrificial anode cathodic protection, to further 
decrease the likelihood of corrosion. 

, 
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Figure 1.1-11 

Magnesium Anode Cathodic Protection 
Typical Configuration 

Source: Su,ygestcd W q r  to Meet Corrosioi~ Protection Codesfr,r Utiderjirourrd Tunks und Piping; The Hinchman 
Company, Detroit, MI. , .  
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Figure 1.1-12 

Impressed Current Cathodic Protection 
Typical Configuration 

Tesl %ox 

i 

Source: Sugge.sted Way,? to Meet Corrosion Protection Codes for Llndergroiind Tanks atid Piping; The Hinchman 
Company. Detroit, MI. 
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Corrosion Allowance. Often corrosion is antici- 
pated, and items are constructed with enough! metal to 
allow for corrosion to proceed to a point without inter- 
fering with the normal function of that item. An exam- 
ple of such a corrosion allowance is a tank whose de- 
sign thickness is such that appreciable corrosion can be 
tolerated before a leak or tank failure will occur. 

Corrosion-Resistant Materials of Construction. 
Corrosion can also be controlled through the use of cor- 
rosion-resistant materials of construction. Examples of 
such items include special alloys, fiberglass reinforced 
plastic, and fiberglass reinforced plastic coatings. Spe- 
cial alloys are most often used when difficult-t?-contain 
fluids are to be handled. Stainless steel is an example 
of such a material. Stainless steel is a family of alloys. 
The corrosion resistant properties of the speciqc mate- 
rial chosen for the containment vessel should be appro- 

priate for the material being contained. 
From the perspective of conosion resistance, 

fiberglass reinforced plastic (FRP) tanks are an effective 
means of storing many fluids in underground storage 
systems, most notably petroleum products. These tanks 
are not subject to corrosion and are strong enough to 
withstand most soild and other loading stresses when 
they are properly installed. The importance of proper in- 
stallation of FRP tanks is discussed in further detail in 
Part 11. The FRP piping is also applicable in these types 
of situations. 

Fiberglass reinforced plastic coatings are also avail- 
able and generally consist of thick (on the order of % 
inch) coatings applied to steel tanks. The concerns ex- 
pressed above and elsewtiere in this document regarding 
the use of coatings apply to these types of coatings as 
well. 
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I Part I 
CHAPTER 2: 

HAZARDOUS SUBSTANCES 

A. LISTINGS OF HAZARDOUS SUBSTANCES 

The term hazardous liquids includes a brofd range 
of chemicals and chemical types. They may be desig- 
nated as hazardous because they are flammable, com- 
bustible, corrosive, toxic or explosive (reactive). By 
their nature, they are of great concern to society, and 
to those governmental agencies which are responsible 
for public health, environmental protection, trdnsporta- 
tion, occupational safety, and fire and emergency re- 
sponse. 

Several agencies have prepared lists of hazardous 
substances and have included these lists in regulations 
to control use, transporation and disposal of these mate- 
rials. The listings of materials regulated by the U.S. En- 
vironmental Protection Agency (EPA) and the US. De- 
partments of Labor and Transportation .are described in 
Table 1.2-1, These listings can be obtained from the 
Federal Register or the Superintendent of Documents, 
US. Government Printing Office, Washington, D.C. 
20402. 

There are also several published reports which pro- 
vide information on the physical and chemical proper- 
ties of and safe handling practices for various hazardous 
materials. Some of the more widely used reportb are de- 
scribed in Table 1.32. A more comprehensiv? list of 
references is provided at the end of this chapter. 

B. PROPERTIES OF 
HAZARDOUS SUBSTANCES I 

1. Chemical Properties 
i Appendix A of this document includes a :series of 

tables that identifies the chemical and physical charac- 
teristics of various solids, liquids and gases; that are 
classified as toxic or hazardous substdqces. Th:se tables 
identify substances which are poisonous to humans, 
flammable, corrosive, reactive and highly toxic to aqua- 
tic life. Other properties that are identifie! are the 
biodegradeability of liquids and solids, the amenability 
of liquids and solids to biological waste treatment, the 
volatility of liquids and the solubility of solids., 

Table 1.2-1 

Listings of Regulated Hazardous Substances 

Hazardous Materials Listing 
(49 C F R  172.101) -The labeling, packaging and 
transportation of these material are regulated by 
the U S .  Department of Transportation. 

Toxic and Hazardous Substances Listing 
(29 C F R  1910 Subpart Z)- Occupational expo- 
sure of these substances are controlled by the US. 
Department of Labor. 

Listing of Hazardous Waste 
(40 CFR 261) -The disposal of chemical wastes 
on this listing are regulated by the Environmental 
Protection Agency under the Resource Conserva- 
tion and Recovery Act (RCRA). 

Designation of Hazardous Substances 
(40 CFR 116)-Chemicals which are hazardous 
to the environment are identified by the Environ- 
mental Protection Agency on this listing. 

Available from: Federal Register or 
US. Goverment Printing Office 
Washington, D.C. 20402 

A listing of the physical and chemical properties of 
twenty-nine commonly used hazardous substances in , 
New York State is given in Table 1.2-3. This table rep- 
resents common chemicals that are stored in bulk. 
Usage of these chemicals is from 1 million to 450 mil- 
lion pounds per year (not counting petroleum). The 
properties which are identrfied in this table include the 
following: 

oThe physical state at 20°C. 
QThe melting and boiling poi@. 
QThe specific gravity at 20°C or other specified 

eThe solubility in water. 
oThe vapor pressure. 
oThe associated hazard (flammable, corrosive or 

toxic). 
eThe reactivity with common storage tank mate- 

rials. 
Knowledge of these various physical and chemical 

temperatures. 

properties is important in determining the proper mode ' 

of storage of these substances. For example: 
eThe melting and boiling points of substances is 

useful in determining the appropriate range of 
storage temperatures. 

DThe solubility of the substance is helpful in deter- 
mining whether the substance should be allowed 
to come in contact with water. 
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Table 1.2-2 

Reports Describing Hazardous Materials 

U.S. Dept. of Transportation Hazardous Materials Emergency Response Guidebook [I 1: 
- numerical and alphabetical indices of hazardous materials 
- descriptions of health hazards and fire or explosion potential 
- procedure to be followed in the event of fire, spill, leak or personnel exposure. 
- isolation and evacuation distances for selected hazardous materials 

US. Department of Transportation 
Washington, D.C. 20590 

National Fire Protection.Assn. Publication NFPA 49: Hazardous Chemicals Data [21: 
- degree of health hazard 
- potential for reactivity 
- flammability 
- physical descriptions 

- fire explosion hazard - particular life hazards 
- personal protection requirments during handling 
- fire fighting phases 

National Fire Protection Association 
Batterymarch Park 
Quincy, MA. 02269 

U.S. EPA Hazardous Materials Spill Monitoring and Safety Handbook and Chemical 
Hazard Guide Parts A and B [3]: 

Part A Part B 
- Safety consideration 
- first aid procedures 
- protective equipment 
- priority listing of hazardous material 

- hazard priority number 
- hazards - safety measures 
- synonyms 

National Technical Information Service 
Springfield, VA. 22161 

or 
U.S. Environmental Protection Agency 
Office of Research and development 
Environmental Monitoring amd Support Laboratory 
Las Vegas, NV. 891 14 

The Chemical Hazards Response Information System (CHRIS) Manuals [4]: 

- Medical data (exposure hazard) 
- flammability data (fire hazard) 
- pollution data 
- biological data 

United States Coast Guard 
U S .  Dept. of Transportaion 
Washington, D.C. 20590 

- physical properties 
- chemical properties 
- preventative and precautionarey initial 
- response information 
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eThe vapor pressure of the liquid substances is nec- 
essary to determine appropriate storage pressures 
(pressures at which significant vapqr formation 
can be limited). 

eThe hazard associated with a particular substance 
is important in determining handling and storage 

oHow the substances react with various materials of 
construction is important in determining the mode 
of storage and the materials used in storage. 

protocols. 

2. Relationships Between Temperature, Pressure 
and Volume Within a Storage Tank , 

I 

In the handling and storage of hazardous liquids, it 
is important to note that most liquids expand and con- 
tract with changes in temperature. Variations in the tem- 
perature of the stored liquid can lead to changes in the 
volume of the stored liquid. In addition, variations in  
pressure can lead to changes in the volume of the stor- 
age tank itself. These volume variations become ex- 
tremely important when one is a t temphg to detect 
small leaks from storage tanks. 

The temperature of a liquid stored in a tank either 
above or below ground can vary4mughout  the year. 
The reasons for such variations include the following: 

eThe seasonal variations in ambient temperature. 
Changes  in the weather (e.g., hot, sunny days vs. 

Whanges in pressure (compression) of,the liquid. 
An annual temperature profile for an underground tank 
is displayed in Figure 1.2-1. Although this profile was 
observed in an underground gasoline tank; it is typical 
of the types of variation that can be expected of most 
liquids which are stored underground. 

Liquid temperatures can also vary throughout the 
storage tank itself. The reasons for such1 variation in- 
clude the following: 

mVariation in the surface temperature of aboveg- 
round tanks due to weather or exposure to the 
sun. 

Wtratification of temperature in the ground sur- 
rounding an underground storage tank. 

BThe introduction of new liquid into a tank that has 
a different temperature than the liquid already 
stored in the tank [5,6]. 

I 

cold, rainy nights). 

I 
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i 
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Table 1.2-3 

Physical and Chemical Properties of the Twenty-Nine Most Commonly Used 
Hazardous Substances in New York State Material Compatibility 

FRP FRP 
Physical Melting Boiling Specific Solubility2 Vapor Pressure' Petroleum Chemical Carbon 

at  20°C 
Substance State Point C' Point C" Gravity (rng/I) in 1120 (mm of Hq) Hazard' Tank Tank Steel 

I. Petroleum 
-Gasoline 
-No. 2 Fuel Oil 

2. Toluene 
3. Tetrachloro- 

ethane 
4. Methyl Chloride 
5. Trichloro- 

ethylene 
6. Tetrachloro- 

ethylene 
7. Methylene 

Chloride (Di- 
chloromethane) 

8. Phenols 
9. Cresols 
IO. Xylene 

I I .  Vinyl Chloride 
12. Benzene 

13. Styrme 
14. Chlorotoluene 
15. P-Chlorobenzo- 

trifluoride 
16. Octyl Phenol 
17. Chlorinated 

Benzenes 

Liquid NA 60-199 
Liquid NA NA 
Liquid -95 110.4 
Liquid 4 4  146.5 

Gas -97 -23.1 
Liquid -73 87.1 

Liquid -23.25 121.20 

Liquid -96.7 39.8 

Solid 430 182 
Liquid 10.9-35.5 191-203 
Liquid 25.4-75 203-225 

or Solid 
Gas -160 -13.4 

Liquid 5.51 80.093- 
80.094 

Liouid -3 I I46 
Liq'uid 4 3  179 
Liquid -36 139.3 

Solid NA 280-283 
Liquid 4 5  131.7 

Insoluble 
0.132 NA 
NA 515 

0.866 20/4 2.860? 
1.58 2514 

1.000 
0.918 20/4 

1.45560 2.514 I.MO 

1,6230 20/4 I 50 

1.32 13.200-20.000 

1.071 25/4 82,000 
1.048 20/4 2s5.000 

NA NA 
60 

0,908 25/25 1,780'n 
0.8794 Very Slightly 

Insoluble 
0.9074 2014 NA 
1.1026 18/4 

1.353 15.5/15.5 NA 
44810 

0.941 24/4 
1.1 13 15.5/ 15.5 4804.400 

7.840 

. 

NA E, F 
NA E, F 
28 E. F 
5 E 

7425 E, F 

10032 C 

15.822 - 
362.4 F 

NA NA 
2,6W" C, E 

95.2 E. F 
5.5 E, F 
I 22 C, E 
5'5 NA 

NA NA 
IOU.? F 

96 - 
I92 - 

OK 
OK 
OK 
8 

7. 8 

8 

8 

8 

7, 8 
8 

NA 
NA 
OK 
OK 
8 

OK 

NA 
7.8 

OK 
8 



18. 'Trichlorethane 
19. Chloroform 
20. Sevin 
21. Hydroquinone 
22. P-Dichlorobenzene 

23. Pyridine 
24. Aniline 
25. Diethylphtha- 

late 
26. 2-Butanone 

(Methyl Ethyl 
Ketone) 

27. Fieon 113 
-28. Carbon ' . 

Tetrachloride 
29. Naphthalene 

Liquid 
Liquid 
Solid 
Solid 
Solid 

Liquid 
Liquid 
Liquid 

Liquid 

Liquid 
Liquid'- 

Solid 

4-39 
-63.5 

I 42 
170.5 
53 

4 2  
-6.2 

-40.5 

-86 

-35 
-22.6 

80. I 

74 
61.26 

1.31 
I .49845'5 

NA 1,232 20/20 Insoluble 
286.2 1,358 20/4 
173.4 1.4581 20.514 insoluble 

60,000 

296-302 1.1 10-1.21 20/20 35,000 

79.6 0.805 2014 

217.9 1,16220/4 

E OK - - 
C. E OK 

Notes: 
I .  Specific gravity at 20" C or as otherwise stated. Where stated, numerator is temperature of substance, denominator i 

2. Solubility at 25O C or as otherwise stated: 
3. Vapor pressure at 20' C or as otherwise stated. 
4. All listed substances are toxic to humans at  some concentrations. 

temperature of water. 

E = Explosive 
F = Flammable (flashpoint of less than 80' F) 
C = Combustable (flashpoint of 80° F or higher) 

5. Compound itself is not flammable but it is usually dissolved in a combustible liquid. 
6. Not recommended. 
7. Corrosive at high temperatures. 
8. ,Corrosive at high concentrations. 
9. Chemical compatibility may vary from what is shown in this table if special resins or other materials are used far 

tank construction. Check with the manufacturer for lab analyses of chemical compatibility and for other assurances thal 
the tank you are using is warranteed for the chemical being stored. 

NA=Not available 
SOUTCCP: References4. 11. 12. 15. 19. 20. 22 

OK NA - OK 
OK OK 

- OK - OK 
I OK 

- OK 



Figure 1.2-1 

Typical Annual Tank Temperature Variation 
For an Underground Gasoline Tank 
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This graph shows temperature recordings for an entire year by combining the results of 52 weekly graphs. The 
vertical lines, either down or up show the immediate effect of the delivery on the tank temperature and-the curving 
lines show the gradual return to underground temperatures, 

The graph also shows a seasonal change of 30°F in underground temperatures occurring in south Texas. Much 
greater differences between summer and winter would exist in New York State. 

Source: Reference 21. 
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Figures 1.2-2, 1.2-3 and 1.2-4, take; from a Stan- 
ford Research Institute study on detection of small 
leaks, illustrate temperature variations throughout an un- 
derground gasolinc tank [SI. Figure 1.2-2:shows the lo- 
cation of temperature sensors in the tank. Tank tempera- 
tures at these various sensor levels, as a function of 
time for a 24-hour period after tank filling, are dis- 
played in Figure 1.2-3. As shown in this figure the tank 
temperature at each level differs and all these tempera- 
tures vary with time. The mean temperature variation, 
as a function of depth for this same tank over four dif- 
ferent 24-hour periods, is illustrated in ,Figure 1.2-4. 
Again, as shown for each of the 24-hour periods, the 
liquid temperature can vary substantially throughout the 
tank. 

Because liquids expand or contract as their temper- 
ature is raised or lowered, seasonal, day-to-day and 
tank-wide variations in temperature heavily affect the 
detection of small leaks, For example, in an 8-foot di- 
ameter, 8,000-gallon storage tank half-full of gasoline, 
a 1.2 gallon per day (0.05 gallon per hour) leak would 

e 

‘ 8  

” 

cause only a 500 micro inch (0.0005 inches) height 
change in the gasoline level. A mean gasoline tempera- 
ture change of only 0.012”C (0.022’F) would also result 
in a 500 micro inch height change of the gasoline level. 
Thus a 1.2 gallon per day leak could be hidden by a 
0.012°C rise in mean liquid temperature [5]. 

Internal tank pressure can also affect tank volume 
by leading to increases or decreases in the size of the 
tank. For example, the total forces exerted on the ends 
of tanks (assuming flat ends) of different diameters by 
different pressures are exhibited in Table 1.2-4. This 
table shows that a 3 pound per square inch (psi) pres- 
sure exerted on a tank’s contents results in a force of 
over IO tons on the ends of an 8-foot diameter tank [6]. 
This is sufficient force to cause the tank ends to bulge 
outward some small fraction of an inch, thus increasing 
the volume of a tank. 

/ 

Figure 1.2-2 
Location of Temperature Sensors 
In The SRI Tank 
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Source: Stanford Research Institute, “Measurement of Small Leaks 
in Underground Gasoline Storage Tanks Using Laser Inter- 
ferometry,” sponsored by the American Petroleum Institute, 
1979. , 
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Figure 1.2-3 
Tank Temperature at Various Heights 
As a Function of Time for a 24-Hour Period 
After Tank Fill-up 
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Source: Stanford Research Institute, “Measurement of Small Leaks in Underground Gasoline Storage Tanks Using 
Laser Interferometly,” sponsored by the American Petroleum Institute, 1979. 
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Figure .1.2-4 

Mean Temperature Distribution as a Function 
Of Depth for Four Different 24-Hour Periods 
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Source: Stanford Research Institute, “Measurement of Small Leaks in Underground 
Gasoline Storage Tanks Using Laser Interferometry,” sponsored by the Ameri- 
can Petroleum Institute, 1979. 
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Table 1.2-4 

Total Force on Tank Ends Due to 
Internal Pressure 

Tank Total Force in Tons 
Diameter 

(inches) 1 psi 2 psi 3 psi 4ps i  5 psi 

48 0.9 1.8 2.7 3.6 4.5 

64 1.6 3.2 4.8 6.4 8.0 

72 2.0 4.0 6.0 8.0 10.0 

84 2.8 5.6 8.4 11.2 14.0 

96 3.6 7.2 10.8 14.4 18.0 

Source: Reference 6 

The extent of tank bulging under pressure is depen- 
dent upon several factors, including tank diameter, tank 
age, the softness or wetness of the surrounding soil (for 
underground tanks), and past filling practice [61. How- 
ever, an 8-foot diameter tank could bulge enough to in- 
crease tank volume by I3 gallons or more 161. 

These pressure effects become very important when 
one i s  attempting to detect small leaks using a method 
such as standpipe testing which places a pressure on the 
tank contents. For example, filling a 4-foot long 
standpipe on an 8-foot diameter gasoline tank buried 
three feet below grade puts an average pressure of 3.69 
psi on the center of the tank [6]. This is sufficient to 
put more than I O  tons of force on the ends of the tank, 
and will lead to an increase in tank volume and a cor- 
responding loss of volume in the standpipe. Thus, the 
detection of small leaks using a standpipe testing 
method becomes difficult. 

' 
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C. STORAGE AND HANDLING PROTOCOLS 

1. Storage and Handling Systems 

Both aboveground and underground bulk storage 
systems should be composed of five basic components. 
These are: 

eThe product storage system (storage tanks). 
@The product transfer (piping) system. 
*An overfill prevention system. 

QA spill containment and collection system. 
CA leak detection system. 

The basic methods and design considerations associated 
with these five components are summarized in Table 
1.2-5 as a prelude to Parts 11 and 111 of this report. The 
advantages and disadvantages of the various materials of 
construction employed for product storage and transfer 
systems are summarized in Table 1.2-6. 

2. Aboveground vs. Underground Storage 

The choice of aboveground or underground tanks 
as an appropriate means of storage for a particular haz- 
ardous substance is dependent upon several factors, in- 
cluding the following: 

QType and amount of liquid to be stored. 
QThe availability of space (real estate) for storage. 
@The level of product and tank accessibility re- 

@The type of soil in the area. 
@Groundwater levels in the area. 
QFire hazard considerations. 

quired. 

A comparison of the advanatages and disadvantages of 
aboveground and underground storage systems is pre- 
sented in Table 1.2-7. 

The reader should note that the storage of liquefied 
or compressed gases, such as liquefied natural gas, re- 
quires adherence to special design criteria as described 
in the following publications: 

QAPI Standard 2510-The Design and Construction 
of Liquefied Petroleum Gas Installations at Marine 
Pipeline Terminals, Natural Gasoline Plants, Re- 
fineries and Tank Farms 171. 

oNFPA Standard 5 8 4 t a n d a r d  for the Storage and 
Handling of Liquefied Petroleum Gas [SI. 

QNFPA Standard 59-Standard for the Storage and 
Handling of Liquefied Petroleum Gas at Utility 
Gas Plants 191. 

In addition, the American Society of Mechanical 
Engineers (ASME) has written the A.S .M.E.  Boiler orid 
Pressure Vessd Code 1101. which contains rules for the 

~ . 1. 

design, fabrication and inspection of boilers and pres- 
sure vessels. This code consists of eleven sections as 
follows: 

I Power Boilers 
I1 Material Specifications 
I11 Nuclear Power Plant Components 
IV Heating Boilers 
V Nondestructive Examination 
VI 

VI1 

VI11 Pressure Vessels, Division 1 

Recommended Rules for Care and Operation 
of Heating Boilers 
Recommended Rules for Care of Power Boil- 
ers 

Pressure Vessels, Division 2, Alternative 
Rules 

IX Welding Qualifications 
X Fibergalss-Reinforced Plastic Pressure Vessels 
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Table 1.2-5 I 

Storage System Components - Methods, Materials, and Design Considerations 

i Product Transfer 
Piping & Accessories Overfill Protection Spill Containment Leak Detection Product Storage 

-aboveground tanks 
-underground tanks 
-singlewalled tanks 
-tank linings and coatings 
-tank wrappings 
-design considerations 

corrosion resistance 
chemical compatibility 
structural strength 
pressure relief 
foundation require- 

safety factors 

carbon steel 
stainless steel 
fiberglass-reinforced 

fiberglass/steel bonded 

ments 

-tank materials selection 

plastic (FRP) 

tanks 
-coating and lining 

materials selection 
alkyds 
epoxies 
phenolics 

-wrappings 
vinyl 
polyethylene 

-surface/ subsurface’piping 
-hoses 
-loading racks , 
-design considerations 

corrosion resistance 
chemical compatibility 
structural strength 
pipe supports 
safety factors I 

-materials selection 
carbon steel 
stainless steel ’ 
fiberglassrreinforced 

polyvinyl chloride 
plastic (FRP) 

( P W  
polypropylene ’ 

-check valves 

-coupling mates to 5 

” prevent mixing of 1 

incompatible chemicals 

-level control devices 
floats 
displacers 
gas bubblers 
hydrostatic head 

capacitance devices 
thermal conductivity 

ultrasonic devices 
optical devices 
nucleonic devices 

trols and flow 
diversion 

-high level alarms 
-liquid level gages 
-check valves 

-operating practices for 
ov@ll protection 

-dry disconnection hose 
valves 

-catchment basins 

devices 

devices 

-automatic shutoff con- 

-impervious perimeter 
dikes, berms 
cutoff walls 
curbs 
aprons/slabs 
drainage ditches 
troughs 

synthetic membranes 
asphalt, contrete 

-in-situ absorbing/ 
neutralizing media 
for spill containment 

-spill collection systems 
-secondary containment 

tanks (double-walled 
tanks) 

-clay liners 

-liners 

-inventory con- 

-visual inspection 
-interstitial 

monitoring of 
double walled 
tanks 

-soillground- 
water 
monitoring 

-tightness tests 
-structural tests 

trol 

I 
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Table 12-6 

General Properties of Materials Used for Storage Tanks and Piping 

Structural Materials Advantages Disadvantages Relative Cost 

Carbon Steel 

Stainless steel 

Fiberglass-reinforced 
plastic (FRP) 

Polyvinyl chloride 
(PVC) 

Concrete 

Aluminum 

FRP/steel bonded 
tanks 

Linings and Cooiinss 
Alkyds 

Compatible with petroleum 
products but not compatible 
with corrosive chemicals, such 
as mineral and oxidizing acids, 
without coatings. High stmc- 
tural strength. 
Material has better corrosion 
resistance than carbon steel and 
higher structural strength. There 
are more than70 standard types 
of stainless steel and many 
special alloys. 
Compatible with petroleum and 
several chemical products. 

Excellent chemical resistance to 
acids, alkalis, and gasoline. 

Generally good resistance to 
chemical attack when exposed to 
dilute organic acids. Epoxy coat- 
ings are often applied to concrete 
to provide chemical resistance 
and decrease permeability. 

Excellent resistance to atmos- 
pheric conditions and compatible 
with mineral and organic acids. 

Material has the combined ad- 
vantage of the corrosion 
resistance of fiberglass and the 
structural strength of steel. 

Alkyd-phenolics and alkyd-sili- 
cones have good weather-ability 
and good to excellent resistance 
to gasoline, non-halogenated 
organic solvents and alchohols. 
They may be applied to both the 
.interior and exterior of tanks 
and pipes. 

Subject to attack by corrosive 
soils and corrosive chemicals 
such as mineral and oxidizing 
acids. 

Lower grade steels (Le., marten- 
sitic steels) are not suitable for 
reducing acids such as HCI. 

Lacks the structural strength 
and impact resistance of steel 
tanks. Not compatible with some 
organic solvents. 
Plastics have low structural 
strength and are less resistant to 
mechanical abuse than steels. 
They are generally not suited for 
the storage or handling of 
organic solvents such as benzene, 
carbon tetrachloride and acetone. 
Concrete is subject to cracking 
and spalling with changes in 
temperature such as during 
freezeithaw cycles. Generally 
poor resistance to chemical attack. 

Pure aluminum has relatively low 
structural strength and as  such is 
generally not used in the fabrica- 
tion of tanks and pipes. Alumi- 
num alloys are available but they 
are costly. 
The main disadvantage of these 
tanks is their cost. 

Not compatible with mineral 
acids, alkalis, chlorinated solvents, 
and organic acids. 

Low 

Medium to high, 
depending on grade 

of steel. 

Comparable to 
coated steel. 

LOW 

High 

High 

Medium 

LOW 
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Table 1.2-8 

Capatibility Chart: 
Chemicals VS. Structural Materials 

Construction Generally 
Material Incompatible with 

Steel Mineral acids; nitric, hydroch- 
loric, dilute sulfuric acids 

Aluminum Alkalies; potassium hydroxide, 
sodium hydroxide, 
mineral acids 

Magnesium Mineral acids 
Lead Acetic acid, nitric acid 
Copper Nitric acid, ammonia 
Zinc Hydrochloric acid, nitric acid 
Tin Organic acids, alkalies 
Titanium Sulfuric acid, hydrochloric acid 
Fiberglass 
Reinforced plastics Some organic solvents 

Lining Generally 

Alkyds Strong mineral acids, strong 

Materials Incompatible wi th  

alkalies, alcohols, ketones, 
esters, aromatic hydrocarbons 

Vinyls (poly-vinyl- Ketones, esters, aromatic 
chloride-PVC) hydrocarbons 
Chloriilated Organic solvents 
Rubbets 
Epoxy: (amine 
cured, polyamide ketones 
cured, or esters) 
Coal Tar Epoxy 
Latex Oxidizing acids, ketones, esters 
Polyesters Oxidizing acids, strong alkalies, 

Oxidizing acids (nitric acid), 

Strong organic solvents 

mineral acids, ketones, aro- 
matic hydrocarbons 

Silicones Strong mineral acids, strong 
alkalies. alcohols, ketones. 
aromatic hydrocarbons 

3. Chemical Compatibility 

A primary concern in the handling and storage of 
hazardous liquids is the Compatibility of these liquids 
with the storage system components. If, for example, a 
liquid is stored in a tank composed of a material which 
is incompatible with that liquid, accelerated and possi- 
bly very rapid deterioration of the tank could occur. 
This could result in a major leak or spill incident. 

General information regarding the compatibility of 
various hazardous liquids with different materials of 
construction and lining materials is provided in Table 
1.2-8. As shown in this table, steel is generally compat- 
ible with hydrocarbons, but is incompatible with most 
acids. In using Table 1.2-8 as a reference, the reader 
should note that when FRP is used as a material of con- 
struction, resins that are compatible with the material to 
be stored must be used. Other sources of information on 
material compatibility are listed in Table 1 :2-9. 

The compatibility of hazardous liquids with other 
types of liquids is also of concern. Liquids may come 
in contact with one another if, for example, a tank stor- 
ing liquid A is not thoroughly cleaned before it is used 
to store liquid B .  I f  these liquids were incompatible, a 
violent reaction could ensue with potentially destructive 
effects. 

Table 1.2-9 

References on Material and 
Chemical Compatibility 

Chemical Engineering Handbook, Perry and 
Chilton [ I  I ]  

Corrosion Data Survey. National Association of 
Corrosion Engineers [I21 

“Beat Corrosion With a Rubber Hose,” Gal- 
lagher. Chemical Engineering. September 8. 

1980 [I31 

“Guide for Protection of Concrete Against 
Chemical Attack by Means of Coatings and 
Other Corrosion-Resistant Materials.” Ameri- 

can Concrete Institute Committee 515 [I41 

The Merck Index. Merck and Company [I51 

A Method of Determining the Compatibility of 
Hazardous Wastes. U.S. EPA-M)O/ 1-80-076. 
April. 1980 [I61 

The Chemical Hazards Response Information 
System. Chemical Data Handbook, US. Coast 
Guard, US. Department of 
Transportation [I71 
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Part I1 
UNDERGROUND 

STORAGE SYSTEMS 

INTRODUCTION 

Part I1 of this report describes the components and 
concerns associated with underground storage facilites 
for hazardous liquids. 

The basic principles shown in figure 2-1 are appli- 
cable to all underground storage systems. However, be- 
cause chemicals are highly variable in the characteristics 
and the risks they present, underground storage may not 
always be an appropriate storage practice, or it may be 
appropriate for the design engineer to consider other 
practices not illustrated in this generalized drawing. 

The items covered in detail in the following chap- 
ters include (1) the types of storage tanks available; (?.) 
piping and pumping system components and their per- 
formance; (3) underground spill containment systems; 
(4) the types of overfill prevention systems and their 
performance; (5) leak monitoring and surveillance; (6) 
the testing and inspection of underground storage sys- 
tems; and (7) the closure and abandonment of under- 
ground storage facilities. 

A schematic diagram showing the key components 
of an underground storage system is presented in Figure 
2-1 f 



Figure 2.1 

Elednts  of an Underground Storage 
Tank Installation 

I 

OVERFILL PREVENTION DEVICE 

PRODUCT 
DISPENSER 

LEAK DETECTOR EXCAVATION WALLS A N 0  
FLOORSOF IMPERVIOUS 
MATERIAL 

Well designed underground storage systems usually contain the following: 
I )  corrosion resistant tank: 2 )  striker plate under tank fill line; 3) submerged pump with leak detector on prod- 
uct delivery line: 4) float vent valve i n  tank vent line; 5) excavation walls and floor of impervious material; 
6) asphalt or  concrete excavation cap; 7) automatic shutoff valve on delivery line at pump island; 8) overfill 
prevention device at fill line o n  .tank truck; 9) vapor recovery in tank truck during filling operation; IO) observa- 
tion wells located inside excavation boundaries; I I )  pea gravel or sand fill for excavation. 

These are all important aspects of a good underground storage system. 
I 

I 

.I 
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Part I1 

A. INTRODUCTION 

Several types of underground storage tanks or stor- 
age systems are available for use in today's market. 
These include the following: 

QBare steel tanks. 
@Steel tanks with coatings. 
QCathodically protected steel tanks (galvanic pro- 

QCathodically protected steel tanks (impressed cur- 

oFiberglass reinforced plastic (FRP) tanks. 
OFRPIsteel bonded tanks. 
eDouble containment systems, such as 

* Double-walled tanks, - Vaulted tank storage system, and - Impermeable liners. 

tection). 

rent protection). 

eRelined tanks. 
QTanks which combine several design features such 

as cathodically protected double walled steel tanks 
or double walled steel tanks with a fiberglass 
bonded outer shell are available on custom order 
from many manufacturers. 

Summaries of the characteristics and limitations of 
these various types of tanks and storage systems are i presented in Table 2.1-1. 

B. TANK LAYOUT 

Idealized layouts for underground storage facilities 
are illustrated in Figures 2,l-1 and 2.1-2. The diagram 
of Figure 2.1-1 depicts a tank equipped with a suction 
pump while the illustration in Figure 2.1-2 is that of a 
tank equipped with a submerged pump, The discussion 
in chapter 2 explains these pumping systems in more 
detail. 

It is highly desirable for the owner to prepare and 
keep at the storage site, a plot plan which shows the 
layout of the facility. The plot plan should show age of 
tanks, material of construction, depth and location of 
pipe galleries, chemical stored in tank and phone 
number and address of person to contact in case of an 
emergency. 

The tank connections shown in Figures 2.1-1 and 
2.1-2 include the following: 

e A  f i l l  and gauge tube. 
e A  vent line, with a float vent valve installed at the 

d 

vent line tank connection for overfill prevention. 
e A  manhole fitted over the fill and gauge tube to 

permit easy access to the tube. 
In addition, Figure 2.1-2 shows a manhole over the 
pump manifold assembly to permit access for mainte- 
nance, and a leak detector mounted on the pump man- 
ifold, which detects leaks in the product supply line. 
Leak detectors are required by NFFA 30. 

The utility .and economics of providing a storage 
tank with a manhole are subject to debate. They add ap- 
proximately $500 to the cost of a tank. A tank can be 
cut open and entered for inspection for about $700 and 
effectively resealed. However, all tanks may not require 
inspection in a normal life and only a small fraction 
may require re-entry. 

Manholes have the advantage of allowing internal 
inspection of emptied tanks and are especially useful on 
fiberglass tanks where access for measuring diameter 
deflections is important. However, Manhole gaskets can 
leak, resulting in stormwater entry and can give a false 
reading during a leak test. Air pockets formed in the 
manhole area can interfere with leak testing, though this 
condition can be corrected with a properly placed 
bleeder valve. 

All tanks, and especially FRP tanks, should be pro- 
vided with a striker plate under the fill line. The striker 
plate is a heavy metal plate attached to the bottom of 
the tank which absorbs the shock of the dip stick when 
it is dropped into a tank to measure liquid level. It is 
becoming common practice to have striker plates under 
all tank openings. 

42 



I 
Table 2.1-1 

Charasteristics of Underground Storage Tanks 
I 

Remarks 
! Types of Soil Major Causes Relative (advantages and 

TvoC Descriotion Aoolications* Suitable of Leaks Costs disadvantaees) 

Bare steel 

CoatedJlined 
steel 

Pre-engin- 
eered catho- 
dically pro- 
tected steel 
tanks-galva- 
nic protec- 
tion (e.g. Sti- 
P3 and 6-10 
tanks) 

Cathodically 
protected 
steel tanks- 
impressed 
current 

Vaulted 
tank 

Carbon steel Compatible with 
fuels and a num- 
ber,of other I 
chemical prod- 
ucts. 
Not compatible 
with corrosive 
liquids such as 
acids. 1 

Carbon steel Generally compa- 
with exterior tible with 
coating and/ corrosive chemi- 
or interior cals such as alkalis 
lining. and organic and 

inorganic acids if 
internal lining is 
applied. I 

Steel tank Compatible with 
with pre- gasoline. diesel 
engineered fuel, kerosene. 
corrosion pro- bunker oil and a 
tection con- number of other 
sisting of sac- chemical products. 
crificial 
anodes, pro- 
tective coat- 
ing and electri- 
cal isolation. 
Steel tanks Petroleum pro- 
to which a 
constant ber of other 
supply of chemical products. 
electric cur- 
rent is applied. 
Tanks are Frequently used 
installed in for secondary, 
Concrete containment of 
valults to highly hazardpus 
provide sec- chemicals. , 
condary con- 

leaks. Vaults 
sometimes have 
interior coat- 
ings and exter- 
nal poly- 
ethylene wrap- 
per to pre- 1 
vent perme- 
ation through 
concrete. 

I 

ducts and a num- 

tainment of i 

Not compatible 
with corrosive 
soil. 

Generally compa- 
tible with cor- 
rosive soil if ex- 
ternal coating is 
applied. 

Can withstand 
corrosion in soils 
with resistivities 
greater than 2000 
ohm-cm [26]. 

Will withstand 
highly corrosive 
soil if properly 
designed. 

Generally resis- 
tant to soil 
corrosion. 

Corrosion 

Corrosion 
due to de- 
fects in coat- 
ing or lining. 

Internal 
Corrosion 

Internal 
corrosion 

Low risk of 
leaks 

Low 

Low 

Medium 

Medium 

High 

Fifty percent of the bare 
bare steel tanks leak 
after 15 years. Life 
expectancy is dependent 
on soil corrosivity and 
method of installation. 

Coating/lining must he 
properly applied and 
free of defects 
(holidays). the effest- 
tiveness of the coating1 
lining will vary with the 
type of coating. Internal 
lining can increase life 
span of tanks. 
Life expectancy of these 
tanks is difficult to 
predict but the record 
for the fifteen years that 
the tank has been avail.. 
able is impressive. 

Good life expectancy if 
the cathodic protection 
is properly maintained. 

Poorly designed con- 
crete vaults are sus- 
ceptible to cracking and 
chemical attack by salts 
and acids. Porosity of 
concrete is a problem. 
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Table 2.1-1 conlinuzd 

Impermeable Involves the See Part I I ,  
liners use of an Chapter 4 

I 

Relined 
tanks 

Fiberglass 
reinforced 
plastic 
(FRP) 

FRP/steel 

Double- 
walled 

impermeable 
liner as sec- 
ondary con- 
tainment in , 

the tank ex- 
cavation. 
Examples in- 
clude mem- 
brane, clay, 
and bentonite 
liner. 

Existing steel Petroleum pro- 
tank relined ducts and corro- 
with corro- sive chemicals. 
sion resistant Used to extend 
material. the lifespan of 

underground tanks. 

Plastic Petroleum and a 
resins rein- number of other 
forced with chemical products. 
glass fiber. 

Outer F R P  Petroleum 
layer fused products and a 
to an inner 
layer of steel chemical products. 
by a poly- 
ester resin 
bond. 
Tank within Applications are 
a tank with dependent upon 
a vacuum or the materials of 
pressurized construction. See 
space be- descriptions of 
tween the FRP and coated. 
inner and galvanically pro- 
outer walls. tected steel tanks 
Currently above. 
manufactured 
doubled-walled 
tanks are com- 
posed of either 
steel (with 
coating and 
galvanic catho- 
dic protection 
on outer wall) 
or FRP. 

number of other 

See Part.11. 
Chapter 4 

Bare steel tanks 
with interior liners 
will continue to 
corrode in corro- 
sive soil. 

Suitable in highly 
corrosive soils. 

Resistance to soil 
corrosion is com- 
parable to that of 
fiberglass tanks. 

Suitable in highly 
corrosive soils, 
depending on the 
materials of con- 
struction. 

* Rekr  10 Table 1.2-8 and A p p d i x  A for more inioramlion on chemical compatibility. 

Low risk 
of leaks 

Defects in 
lining 

Tank 
rupture 

Low risk 
of leaks. 
but tank is 
susceptible 
to internal 
corrosion. 

Low risk 
of leaks 

Medium Care must be taken to 
insure that lining 
material is compatible 
with stored material. 
Should include a leak 
detection system with- 
in the confines of the 
liner containment area. 

Low Condition of the tank is a 
key consideration. It Is 
imponant that the relining 
material be compatible with 
the material to be stored 
and that workmanship be 
according to the API 
standards. 

Medium FRP tanks cannot with- 
stand loads as does steel 
and may easily be dam- 
aged if dropped, mis- 
handled or subjected to 
excessive loads because 
of improper installation. 

steel with corrosion 
resistance of fiberglass. 

Medium Combines strength of 

High Some models only avail. 
able in capacities up to 
to 4000 gallons. These 
tanks usually include a 
built-in leak detection 
system located between 
the inner and outer 
walls. 
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Figure 2.1-1 
Tank Piping Details - Suction System 

~ ~~~ ~ ~~~ 

VENT L I N E  TO bPPROPRIATE 
LOCATION (SLOPE TO T A N K )  

F. CONC. SLAB 

Source: API Publication 1615, Insrallaiion of Underground Petroleum Storage Systems, 1979, 

Figure 2.1-2 

Tank Piping Details -Submerged System 

\ NbHHOLE 

NbNHOLE VENT L INE TO APPROPRIATE 
LOCATION ISLOPE TO TANK) 

\ /,FILLCAP 

TlON 

Source: API Publication 1615, Installation of Underground Petroleum Storage Systems, 1979 
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C. TYPES OF UNDERGROUND 
STORAGE TANKS 

1. Bare Steel Tanks 

Bare steel tanks constructed of mild carbon steel 
may be used in non-corrosive soil environments to store 
non-corrosive materials, such as gasoline and other pe- 
troleum derivative products. The compatibility of steel 
with various petroleum and chemical products is dis- 
cussed in Part I and Appendix E. The degree of en- 
vironmental protection provided by bare steel tanks is 
minimal and consequently their use has declined in re- 
cent years. 

Please note that many bare steel tanks have a thin 
surface coating to protect against tust. This is essen- 
tially a cosmetic coating, and should not be confused 
with more substantial corrosion protection coatings. 

Design Standards. The capacities. dimensions and 
construction details for bare steel tanks generally follow 
established standards. These include rhe following: 

Underwriter Laboratories (UL) Inc.: 
UL 58 - Steel Underground Tank  for Flamma- 
ble and  combustible Liquids [6]. 

NFPA 30 - jilamniable and combustible Liquids 
Code [191. 

API Publication I602 - Recommended Standard 
for Underground Gasoline Tanks [2 I]. 
API Publication 161 I - Service Station Tankage 

National Fire Protection Association (NFPA): 

American Petroleum Institute (API): 

Guide 1201. 
API Publication 1615 - Insrallarion of Under- 
ground Petroleum Storage Systems [ I] .  

American Society of Mechanical Engineers: 
ASME/Pressure Vessel Code, Section VIII/[14]. 

Of these standards, the Underwriters Laboratories 
standards are the most detailed in that they specify 
many of the tank design details. These include steel 
thickness, tank head design, bracing requirements for 
multi-compartment tanks, the sizes of vent connections, 
and tank marking and testing requirements. 

The American Society of Mechanical Engineers 
Pressure Vessel Code may be used for storage tanks in- 
tended for industrial service. 

The thicknesses of horizontal, atmospheric-type 
steel tanks of various capacities as recommended in UL 
58 are shown in Table 2.1-2. This standard also recom- 
mends that the length of the tank be no more than six 
times its diameter [6]. As a source of reference, the ca- 
pacity per foot of length for tanks having diameters of 
24 to 144 inches is given in Table 2.1-3. 

Installation of Underground Steel Tanks. 
Sources of information and recommendations of installa- 
tion practices for underground storage tanks include API 
Publication 1615 [ I ] ,  NFPA 30 [19] and the New York 
State Depanment of Environmental Conservation (NYS- 
DEC) manual covering standards of practice for bulk 
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storage of hazardous liquids [30]. Most manufacturers 
supply step-by-step procedures for tank installation and 
require that these steps be followed to validate the 
guarantees and wanantees. 

The installation recommendations given in the API 
publication identify tank clearance, depth of excavation, 
and anchoring and backfilling requirements. Examples 
of the recommendations given in API Publication 1615 
include the following: 

oAt least 6 inches and preferably 12 inches of well- 
compacted sand o r  gravel placed underneath the 
tank. 

@A minimum tank clearance of 12 inches in all 
horizontal directions. 

O h  areas not subject to traffic, the cover depth 
should be a minimum of 24 inches, or not less 
than 12 inches plus a reinforced concrete slab not 
less than 4 inches in thickness. 

owhere tanks are subject to traffic, cover depths 
should be a minimum of 36 inches. or not less 
than 18 inches of well-tamped material plus at 
least 6 inches of reinforced concrete or 8 inches 
of asphaltic concrete. 

It should be noted that the burial depth of a tank 
is dependent upon several factors, including local regu- 
lations, the type of finished surface to be applied, soil 
conditions, topography, and suction pumping lift re- 
quirement [I] .  

The recommendations of NFPA 30 concur with 
those of API Publication 1615, with the addition that 
steel underground tanks shall be set on firm foundations 
and surrounded with at least 6 inches of noncorrosive 
inert material, such as clean sand or gravel, well- 
tamped in place 1191. 

The backfill for steel tanks is typically a clean, 
noncorrosive, porous material such as clean washed 
sand or gravel. Backfilling operations are very impor- 
tant to the life of the installation. It is important that the 
backfill he well compacted to avoid undue stresses on 
the tank. Application and compaction of the backfill in 
layers is often specified to chieve optimum compaction 
(eliminate voids in the backfill). 



Table 2.1-2 

Thickness of Steel Tanks 

Manufacturers Nomina 1 Thickness 
Maximum" Standard o r  

Capacity D i ame t er Galvanized Sheet Uncoated Galvanized 

U. S. Gallons dm3 Inches m Gage No. Inches mm Inches mm 

Iln t o  285 Uo to 1071) 
.-2b6 toT560 I . . . 

561 t o  1100 
1101 t o  4000 
4001 t o  12,000 

20,001 t o  50,000 
12,001 t o  20,000 
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64 
- -48- 

84 
126 
144 
144 

1.07 14 
-1.22 - - - 12 -. 
1.63 10 
2.13 7 
3.20 1/4 inch 
3.66 5/16 inch 
3.66 3/8 inch 

0.075 
-0.105 -. 
0.135 
0.179 
0.250 
0.312 
0.375 

1.91 
2.67- 
3.43 
4.55 
6.35 
7.92 
9.53 

0.079 
0.108- 
0.138 

2.01 
-2.74- - 
3.51 

* Length of tank shal l  be not g rea t e r  than 6 t imes t h e  diameter 

Source: T h i s  mater ia l  is based on and taken, w i t h  permission, from Underwriters Laboratories Inc. 
Standard f o r  Safety f o r  Steel  Underground Tanks f o r  Flammable and Combustible Liquids, U L  58, 
Copyright 1976 (by Underwriters Laboratories Inc . ) ,  copies o f  which may be purchased from Under- 
writers Laboratories,  Inc . ,  Publ icat ion Stock, 333 Pfingsten Road, Northbrook, I l l i n o i s  60062. 

U L  sha l l  not  be responsible t o  anyone f o r  t h e  use of o r  r e l i ance  upon a U L  Standard by anyone. 
UL s h a l l  no t  incur any ob l iga t ion  or l i a b i l i t y  f o r  damages, including consequential  damages, 
a r i s i n g  o u t  of o r  i n  connection with the use,  i n t e rp re t a t ion  o f ,  o r  r e l i ance  upon a U L  Standard. 

Note: 



Table 2.1-3 
Gallon Capacity per Foot of Length 

Oi a- 
meter 
in 

Inches 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49. 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

- 
u. s. 

Gal 1 ons 
1-foot 

23.50 
25.50 
27.58 
29.74 
31.99 
34.31 
36.72 
39.21 
41.78 
44.43 
47.16 
49.98 
52.88 
55.86 
58.92 
62.06 
65.28 
68.58 
71.97 
75.44 
78.99 
82.62 

90.13 
94.00 
97.96 

102.00 
106.12 
110.32 
114.61 
118.97 
123.42 
127.95 
132.56 
137.25 
142.02 
146.88 
151.82 
156.83 
161.93 
167.12 

Length 

86.33 

Dia- 
meter 
in 

Inches 

65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75. 
76 
77 
78 
79 
80 
81 
82 
83 
84 

86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
1 0 1  
102 
103 
104 

- 

a5 

u. s. 
Gallons 
1-foot 
Length 

172.38 
177.72 
183.15 
188.66 
194.25 
199.92 
205.67 
211.51 
217.42 
223.42 
229.50 
235.56 
241.90 
248.23 
254.63 
261.12 
267.69 
274.34 
281.07 
287.88 
294.78 
301.76 
308.81 
315.95 
323.18 
330.48 
337.86 
345.33 
352.88 
360.51 
368.22 
376.01 
383.89 
391.84 
399.88 
408.00 
416.00 
424.48 
433.10 
441.80 

Oia- 
meter 
in 

Inches 

105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 

131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 

- 

i30 

u. 5. 
Gallons 
1-foot 

449.82 
458.30 
467.70 
475.89 
485.00 
493.70 
502.70 
511.90 
521.40 
530.24 
540.00 
549.50 
558.51 
568.00 
577.80 
587.52 
597.70 
607.27 
617.26 
627.00 
638.20 
647.74 
658.60 
668.47 
678.95 
690.30 
700.17 
710.90 
721.71 
732.60 
743.58 
754.64 
765.78 
776.99 

799.68 
811.14 
822.69 
834.32 
846.03 

Lqngth 

788.30 

Source: This material is based on and taken. with permission. fmm Underwriters Lubontories 1%. Smdard fw Safely for Steel Underground Tanks for 
~nmmabk and eornbuslibie Liquids. UL 58. copyright 1976 (by Underwriters Lvbantories Inc,), copies of which may he purchased from Undewriten 
Laboratories. Inc.. Publication Stock. 113 Pfinnslen Road. Nnnhhmnk l l l i n ~ i l  m 7  

~~~~ , ~.. .. ~c~ .... .... ~, ~ .__I__ 

Nole: UL i h a l l ~ k t  bp responsible to anyone for the use of 07 reliance upan a UL Standard by anyone. UL shall not incur any obligation or liability 
for damages. including consequential damages, arising out of or in connection with Ihe use. interpretation of, or reliance upon a UL Standard. 
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It is also recommended in API Publication 1615 
that tanks be ballasted with the product as soon as pos- 
sible after backfilling. Water ballast may be used as an 
alternative, but it is necessary to defer installation of 
submerged pumping units in the tank until after the 
water ballast is removed. If ballasting is necessary in 
order to prevent tank flotation (from a high water table 
or from rain), the product to be stored should be used 
as a first choice [I]. 

When a high water table is present, anchoring 
should be used to prevent tank flotation. A concrete 
slab is often used to anchor unqerground tanks as shown 
in Figure 2.1-3. When such a concrete slab is used, 
tanks should be separated from the slab by no less than 
12 inches of compacted sand. Tanks should not be set 
directly on the concrete nor placed on hard'or sharp ma- 
terial that could cause deformation or damage to the 
tank or tank coatings. Anchor straps should be installed 
so as not to damage the tank or tank coating. Material 
such as asbestos felt or pieces of:ruhber tire should be 
placed between the tank and the anchor straps to pro- 
vide electrical isolation [l]. I 

For complete information on the installation of under- 
ground steel tanks, the reader is directed to the NYS- 
DEC standards of practice document, NFPA 30, API 
Publication 1615 and other sources, such as Occupa- 
tional Safety and Health Administration regulations (29 
CFR, Part 1910, Section 1910.106) [29] and specific 
manufacturer recommendations. 

Characteristics of Carbon Steel. Carbon steel is 
the most common, most versatile and least costly metal 
used in industry. It is two-thirds the weight of lead and 
three times heavier than aluminum [14]. Carbon steel 
may be annealed (i.e. heated and then cooled) to make 
it stronger and more flexible, and galvanized (coated 
with zinc) to improve its corrosion resistance. The 
mechanical properties of carbon steel are strongly influ- 
enced by the carbon content. 

Over the years, various types of carbon steel have 
been developed, for example, structural and pressure 
vessel steels. There are only minor metallurgical differ- 
ences between these types of steel; the important differ- 
ences are in the quality of the steel (resulting from 
adherence to tighter specifications). 

Figure 2.1-3 
:Anchoring of Tanks Insfalled in 
:High Groundwater Tables 

' (WRY PER "NFPb" 90 L'& &BESOB FELT BETWEEN 
SPECIFICATIONS CADLE 8 TANK [ OR W 8 E R  TIRE 

, ...., 

. 

FIRM SOIL I 

TYPE ANC 
SCREW 0 I AN& 

CONCR 
(OR OEAOWAN 1 

GRADE 

NOTE: SEE YANUFACNWEIPS RECOMMENDATIONS FOR 
ANCHOR ANI) INSTALLATION INSTRUCTIONS. 

NO SCALE 

&PEA OAAVEL FOR 
NON - M E T A U C  TANUS 
(OR MFW. APPROVED ALTERNATE) 

Source: Reference 2 
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There are a number of standards and specifications 
for carbon steel in various forms, such as in the form 
of bars, pipe and plate. The American Society for Test- 
ing and Materials (ASTM) publishes specifications on 
many materials of construction including carbon steels. 
For detailed specifications and chemical analyses, refer- 
ences should be made to these ASTM standards. The 
American Iron and Steel Institute also issues specifica- 
tions on a variety of carbon and alloy steels. The Amer- 
ican Society of Mechanical Engineers, the American 
National Standards Institute, and the American Petro- 
leum Institute are also active in the area [14]. For more 
information on these steel specifications and bow they 
may be obtained, please refer to the list of steel specifi- 
cation references at the end of this chapter, 

\ 

2. Coated Steel Tanks 

Organic coatings may be applied to both the inter- 
ior and exterior of underground steel tanks. Interior 
coatings are often called tank linings. In the case of 
shop-assembled tanks, coatings and linings are generally 
applied at the factory. The recommendations of the tank 
manufacturer should be followed when a coating is re- 
quired since improper selection can lead to early failure 
and product contamination. When installing the tank, 
care must be exercised in order to avoid damage to the 
coating. The properties, campatabilities and costs of 
common organic coatings are given in Appendix C. 
Refer to Section D of this chapter for additional infor- 
mation on application of coatings and linings. 4 

3. Cathodically Protected Steel Tanks - 
Galvanic Protection 

As described in Part I, Chapter I ,  Section C of this 
report, cathodic protection is used to reduce or eliminate 
corrosion of a metallic structure which is in contact with 
corrosive soil. This is accomplished by applying an 
electric current to the structure which is greater in 
strength and opposite in direction to the current that is 
causing corrosion. 

The galvanic cathodic protection method employs 
sacrificial anodes, composed of materials such as mag- 
nesium or zinc, in electrical contact with the metal 
structure to be protected. These anodes are attached to 
the surface of the protected material (tank or pipe) in 
the soil or other electrolytic solution, and the required 
current is generated by corrosion of the sacrificial 
anode. A typical configuration for galvanic protection is 
shown in Figure 2.1-4. 

The design of an adequate galvanic protection sys- 
tem requires making a measurement of the soil resistiv- 
ity. If the amount of electric current required to protect 
the tank has been determined, the soil resistivity must 
be known in order to determine the type and size of 
anode(s) required to protect the tank. The life expec- 
tancy of the storage system is also important in deter- 

I 

mining the number and type of anodes required [22]. 
Magnesium anodes are the most common type of 

sacrificial anode, although zinc anodes may be used in 
soils with resistivities less than 1000 ohm-cm. Magne- 
sium, because of its higher driving voltage, can be used 
quite effectively in soils with resistivities up to 5000 
ohm-cm, and on well coated structures can often be 
used up to 10,000 ohm-cm or more [lo, 12, 271. 

In general, because of the low driving voltages of 
sacrificial anodes (1.1-1.6 volts) and the low electric 
currents generated (usually less than 100 milli-amperes 
per anode), it is desirable from both an economic and 
an engineering standpoint that galvanically protected 
tanks be coated. Bare tanks require a greater electric 
current, and hence a larger number of sacritical anodes 
than coated tanks. 

Periodic testing of cathodic protection is essen- 
tial if the system is to function properly and provide 
long-term protection. The current from the anodes may 
fail because of anode deterioration or broken lead wires. 
Changes in underground conditions (e.g., installation of 
a water pipe) or coating deterioration can also change 
protective current requirements. Measurements of tank- 
to-soil potentials and anode output should be made at 
least once a year to ensure proper operation of the sys- 
tem [IO]. 

In addition, care must be exercised during the in- 
stallation of galvanic protection systems to ensure elec- 
trical continuity of the system. This means providing 
bonding wires between tanks when several tanks are in- 
stalled and across flexible pipe joints, if such joints are 
used. Screwed piping should not be relied upon to pro- 
vide electrical continuity. 

Examples of pre-engineered, galvanically protected 
steel tanks include the StiLP3 tank and the BT-IO tank. 
Both are standard steel tanks provided with three levels 
of corrosion protection: cathodic protection, a protective 
coating and electrical isolation. High-potential magne- 
sium anodes are permanently attached to the heads of 
each tank to provide a flow of protective current, In the 
case of Sti-P3 tanks, the anodes are packaged in a spe- 
cial moisture-holding material which improves conduc- 
tivity and current flow from the anodes. The second 
protective component in these systems is a coal-tar 
epoxy or urethane coating. Electrical isolation is the 
third component of these systems; this protects the tanks 
against stray currents that could otherwise reach them 
via piping connections. In those areas where internal 
corrosion may be a problem, optional construction may 
include striker plates, internal welding or internal zinc 
strips which serve as sacrificial anodes. If the product 
to be stored is not compatible with steel, then an inter- 
nal lining of compatible material may be applied. 
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Figure 2.1-4 

Magnesium Anode Cathodic Protection 
Typical Configuration 

i 

Source: Suggested Ways to Meet Corrosion Protection Codes for Underground Tanks and Piping, The Hinchman 
Company, Detroit, MI. 
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4. Cathodically Protected Steel Tanks 
(Impressed Currents) 

The impressed current cathodic protection method 
employs direct current provided by an external source. 
This current is passed through the system by the use of 
non-sacrifical anodes composed of materials such as 
carbon, non-corrodible alloys, or platinum. These 
anodes are buried in the ground (in the case of under- 
ground structures) or otherwise suspended in the electro- 
lyte and connected to the positive terminal of the exter- 
nal power supply. The tanks and other structures to be 
protected (e.&, pipes) are connected to the negative 
side of that power supply [27]. An impressed current 
system for underground tanks and piping is illustrated in 
Figure 2.1-5. 

Impressed current cathodic protection systems are 
used extensively at service stations. These types of 
cathodic protection systems are particularly applicable 
for storage situations in highly corrosive soils. Because 
of the large power supply (electric current) provided by 
these systems, they can be used to protect bare as well 
as coated tanks [IO]. 

A major advantage of impressed current is that 
short circuits can be overcome more easily than with 
sacrifical anode systems [IO]. This facilitates installa- 
tion, panicularly when electrical continuity must be in- 
sured between two or more tanks. Major disadvantages 
of these systems are their high power consumption and 
the greater possibility of electrical interference on for- 
eign structures [IO]. 

As i s  the case with sacrificial anode systems, 
periodic testing of the cathodic protection is necessary 
IO ensure proper protection. Current may fail because of 
rectifier malfunction or interruption of power. The sys- 
tem should be tested regularly in accordance with man- 
ufacturer's recommendations and adjusted as needed. At 
least once a year, tank-to-soil potential measurements 
should be made to check the adequacy of protection and 
determine if any rectifier adjustments are needed [IO]. 

\ 
~ 
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5. Fiberglass-Reinforced Plastic 

Fiberglass-reinforced plastic (FRP) tanks are widely 
used for underground storage of flammable and combus- 
tible liquids. They are constructed of a plastic resin 
which provides chemical resistance, and a fiberglass 
material that gives the tank its structural strength. Insur- 
ing compatibility of the tank with the stored product is 
an important consideration since numerous resins and 
glass materials can be used in the fabrication of FRP 
tanks. Most fiberglass tanks are designed specifically 
for petroleum and its derivatives. However, fiberglass 
tanks suitable for storage of other chemicals have been 
developed. The tank manufacturer should be consulted 
on the selection of a resin which will be compatible 
with the product to be contained (see Table 1.2-3). 

Two techniques are used to fabricate FRP tanks. 
One technique utilizes a centrifugal casting machine 
which allows the tank to be made in one continuous 
piece. The chopped fiberglass is sprayed on the interior 
of a revolving mold which forms the ribs, shell and 
hemispheres in one continuous piece. Two identical 
pieces can be fabricated by this technique and joined to- 
gether in the middle to form the tank. The other fabrica- 
tion technique consists of building the tank in altemat- 
ing layers of resin and fiberglass. This type of FRP tank 
is usually more costly but is also stronger than the 
molded tank [13, 15, 291. 

Design Standards. As with steel tanks, various 
Standards have been developed by Underwriters Labora- 
tories and the American Society of Testing and Mate- 
rials for the design and construction of FRP storage 
tanks. For more information on accessing these stan- 
dards, please refer to the tank design reference list at 
the end of this chapter. 

In addition to the UL and ASTM standards, FRP 
tanks to be used in underground applications must 
adhere to requirements in the following National Fire 
Protection Association standards: 

eNFPA 30: Flammable and Combustible Liquids 

ONFPA 31: Standards for Installation of Oil Burn- 

Installation Requirements. The installation re- 
commendations for FRP tanks, as listed in API Publica- 
tion 1615, differ somewhat from those recommendations 
for steel tanks. Examples of the recommendations made 
in that publication for the underground installation of 
FRP tanks include the following: 

eThe tank excavation should provide a minimum 
clearance in all horizontal directions of 18 inches. 

OThe excavation should be deep enough to provide . 
at least 12 inches of backfill below the tank. 

QA uniformly distributed backfill, which conforms 
to the tank manufacturer's specifications, must be 
used. Proper backfilling is essential to the perfor- 
mance of these tanks [ I ] .  

As is the case with steel tanks, proper anchoring 
and ballasting are important aspects of an FRP tank in- 
stallation in an area of high ground water. Strict adher- 
ence to manufacturers installation recommendations and 
those of API Publication 1615 is important to insure the 
integrity of the storage facility. 

Extreme care must be exercised in the installation 
of FRP tanks because they lack the structural strength 
to withstand the high stresses which may be induced 
during a difficult or improper installation [SI. For more 
complete information of FRP tank installation, refer to 
API Publication 1615, NFPA 30, the NYSDEC stan- 
dards of practive document [30], and the literature of 
specific FRP tank manufacturers. 

Code [19]. 

ing Equipment [28]. 
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Figure 2.1-5 

Impressed Current Cathodic Protection 
Typical Configuration 

I Test B,ox 

Source: Suggested Ways to Meet Corrosion'Protection Codes for Underground Tanks and Piping, The Hinchman 
Company, Detroit, MI. 

I 
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6.FRPEteel Bonded Tanks 

FRPkteel tanks combine the corrosion resistance of 
fiberglass-reinforced plastic and the strength of steel. 
They are constructed of an outer layer of FRP fused to 
an inner layer of carbon steel via a polyester resin bond, 
FRP/steel tanks are protected against soil corrosion, but 
remain subject to internal decay from corrosive chemi- 
cals [7]. 

The steel inner structure on an FRP/steel tank pro- 
vides structural support and serves to keep stresses 
evenly spread. FRP/steel tanks may be installed in ac- 
cordance with NFPA 30 and API Publication 1615 
guidelines (see sections on bare steel and FRP tanks). 
Saddles or "chock blocks", which interfere with the 
proper distribution of the load, should not be used, 
however. In addition, anchoring, as described in 'the 
discussion of steel tanks, should be used to prevent tank 
flotation from a high water table. 

As is true with steel tanks, FRP/steel tanks are 
compatible with petroleum products, such as gasoline 
and diesel fuel, and other non-comosive liquids. 

7. Tanks of Other Materials 

This group includes tanks made of such materials 
as stainless steel, aluminum and plastic. Although these 
materials have a higher resistance to corrosion than car- 
bon steel, their use is overshadowed by that of steel, 
coated steel and FRP. Plastic tanks, including such ma- 
terials as polyvinyl chloride (PVC) and polypropylene, 
are not widely used in underground installations because 
of their low structural strength, which makes them un- 
able to withstand large structural loads. Aluminum tanks 
are not widely used because they also lack structural 
strength, and stainless steel tanks are not widely used 
because of their higher cost. 

8. Double Containment Systems 

Several methods of double containment for under- 

ODouble-walled tanks. 
Concre t e  vaults. 
Wnpermeable liners. 
Double-walled tanks [4,23]. These tanks are es- 

sentially a tank within a tank (jacket) with a vacuum or 
pressurized space between the inner wall and outer wall. 
Leaks due to internal or external corrosion can be de- 
tected by loss of pressure or vacuum. Product or water 
detecting probes may also be inserted into interstitial 
space. Common materials of construction include coated 
steel and fiberglass. An inner liner may also be specified 
specified for steel tanks. Because double-walled tanks 
provide both two wall protection and monitoring of the 
interstitial (annular) space, they are well suited for stor- 
ing highly toxic chemicals or for storing materials in 
sensitive environmental areas. 

ground tanks are in use. These include the following. 

' 

A double-walled fiberglass tank that is widely used 
in Europe is illustrated in Figure 2.1-6. This tank is 
constructed with inner and outer fiberglass shells sup- 
ported by a concrete bearing wall in between. A built-in 
leak detection system monitors a vacuum drawn be- 
tween the inner and outer shells. Products that may be 
stored in this tank include gasoline, diesel fuel, acid and 
caustic solutions, and other hazardous substances [4]. 

Another type of double-walled tank, manufactured 
in Canada, is fabricated of steel and includes a vacuum 
leak detection system between the inner and outer walls. 
This pre-engineered tank system also includes an exter- 
nal epoxy coating and sacrificial anodes to provide cor- 
rosion protection. This tank system is shown in Figure 
2.1-7 [23]. 

More and more firms are producing double walled 
tanks, some with two walls of steel and an outer layer 
of bonded fiberglass, some with a complete outer shell 
of steel and epoxy coating, and others with just a dou- 
ble bottom to provide protection where corrosion is usu- 
ally most severe. The high degree of environmental pro- 
tection provided means that their usage will be more 
common in the near future. 

Concrete vaults. Concrete vaults (also knows as 
concrete tanks) are generally used as secondary euclo- 
sures intended to contain any spills from the primary 
storage tank. Concrete vaults tend to crack with freezing 
and thawing, and are also susceptible to chemical attack 
by salts and acids. Coatings are often applied to the in- 
side of concrete vaults to enhance their resistance to 
chemical attack (see Coating Compatibility Chart Ap- 
pendix B). 

Impermeable liners: Impermeable liners may also 
be used for secondary containment of underground 
spills. Examples of such liners include the following: 

oMembrane liners. 
OClay liners. 
OBentonite (or similar material) liners. 
In instances where impermeable liners of these 

types are used, care must be taken to insure that the lin- 
ing material is compatible with the material being 
stored. 

Impermeable liner systems should also include a 
leak detection system located within the confines of the 
enclosure formed by the liner. These types of systems 
are discussed in detail in Chapter 3 of this part of the 
report. 
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Figure 2.1-6 

Fiberglass-Reinforced Plastic 
Double-Walled Tank With Built-In Leak Detection 

7 
i 

w 

Source: Betco Associates 
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Figure 2.1-7 

Double Wall Steel Tank with Epoxy Coating 
and Sacrifical Zinc Anode 

C a a a c l r v  I I n s l d c  I Insldc t 
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9. Relined Tanks 

In-place underground steel tanks may 'be relined in- 
ternally provided the tank is not:badly corroded. This 
is a widely used practice for extending the useful life 
of steel petroleum storage tanks. If consideration is 
being given to the relining of a tank which,stores a non- 
petroleum product, the design engineer should secure 
assurances that the lining material is compatible with 
the product to be stored and check government regula- 
tions to see whether this practice is acceptable. 

Interior relining is possible without unearthing the 
tank by entering it through a manhole. If the tank is not 
equipped with a manhole, one must be installed prior to 
relining the tank [IS]. Before entering the tank, how- 
ever, it must be completely emptied and freed of toxic 
or flammable vapors. Refer to the discussions in Part 11, 
Chapter 7 and Part III, Chapter 7 for information on the 
emptying and degassing of tanks. Prior to Irelining, the 
existing lining must be completely removed and the 
tank must be properly prepared. Holes must be plugged 
and the surface must be sandblasted to etch 'a pattern for 
good bonding. Refer to the sections on the selection and 
application of coatings and linings for specific proce- 
dures and considerations. The combination of external 
cathodic protection with internal lining provides a 
reasonably low cost safeguard system for existing steel 
tanks and is useful as a repair technique for a leaking 
steel tank in generally good condition. The relining 
work should be done only by qualified specialists. 

The following inset describes Suitability factors for 
steel tank relining. i 

Tank Relining 
A steel tank is not normally suitable for interior 
lining and should be removed of abandoned if 
it has one of the following: t 

QA split greater than 3 inches. 
QA single hole greater than 1 inch diameter. 
QMore than IO small perforations (none 

larger than 1% inch diameter). 

i 
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D. TANK COATINGS AND LININGS 

Coatings are those corrosion- and chemical-resis- 
tant materials which are sprayed, brushed, or rolled 
onto the metal surface of a storage tank. Coatings serve 
one of two main purposes: ( I )  they protect the metal 
from attack by a corrosive liquid or environment, and 
(2) they protect the product from contamination by cor- 
rosion products. Coatings may also be applied to con- 
crete vaults. When applied to the interior of a tank, 
coatings are often referred to as tank linings. Several 
factors affect the effectiveness and durability of tank 
linings and coatings. These include the following: 

eProper selection of the coating. 
ePreparation of the tank surface. 
@Proper application of the coating to the required 

oProper treatment (curing) of the coating. 
eTesting and inspection of the applied coating. 
Selection of coating. To insure the compatibility 

of the lining or coating, it is often necessary to consult 
with its manufacturer. As a reference tool, the proper- 
ties of some commonly used linings and coatings are 
given in Appendix B. 

Preparation of the Tank Surface. Steel, and for 
that matter any surface being coated, should he cleaned 
of all dirt, grease, moisture and loose powdery conta- 
minants that might interfere with coating adhesion. The 
best method of steel surface preparation for most coat- 
ing application scenarios consists of sandblasting all sur- 
faces to be coated to SSPC-SP6 commercial blast. 
Sandblasting to commercial 6 produces a clean surface 
with a good profile for adhesion. This combination gen- 
erally provides for maximum effectiveness of the chemi- 
cal and physical forces of adhesion between the coating 
and the metal surface [16,17]. 

Surface preparation specifications may differ de- 
pending upon the type of application to be made, par- 
ticularly in the case of retrofits and field oriented opera- 
tions. Various specifications from the Steel Structures 
Painting Council are listed and described in Table 2.1-4 
[ 16,321. 

Coating Application. The following excerpt de- 
scribes conventional coating and lining technology: 

thickness. 

"The coating system can be applied a 
number of ways including brushing, rollering 
and spraying. While brushing, and to a lesser 
degree rollering, have the advantage of work- 
ing a coating into a rough or irregular surface, 
spraying is by far the most common application 
method. 

With conventional air spraying, air is used to 
atomize and propel the paint onto the surface 
being coated. The equipment is cheaper than 
airless equipment. The principal advantages of 
air spraying are the ability to pa-rtially trigger 
the gun to provide an air blow-down prior to 
paint application, and a finer atomization re- 
sulting in a smoother finish. 



Airless spraying utilizes high pressure to 
hydraulically push paint through a small 
orifice. Upon going from high to low pressure 
the paint atomizes in a manner similar to water 
from a garden hose. The advantages of airless 
spraying are leading to its ever increasing use 
in industrial coating work. These include a 
thicker film with less chance of air entrapment, 
greater mobility for the painter because there is 
no air line, less turbulence in the spray pattern, 
and less chance of contamination with moisture 
and oils from improperly cleaned field corn- 
pression equipment.” [ 161 

\ 

Newer coating and lining application techniques in- 
clude electrostatic spraying, powder coating, force dry- 
ing and electron beam curing. Their advantages and dis- 
advantages are summarized in Table 2.1-5. 

Personnel safety is an important consideration in 
coating and lining application. In most instances, re- 
spirators should be worn as a minimum during applica- 
tion operations. 

Table 2.1-4 

Surface Peparation Specifications 

I Specification and subjeci Purpose 

SSPC-SP 1. 

SSPC-SP 2. 

SSPC-SP 3, 

SSPC-SP 4, 

SSPC-SP 5. 

SSPC-SP 10, 

SSPC-SP 6. 

SSPC-SP 7, 

SSPC-SP 8. 

Solvent Cleaning 

Hand Tool Cleaning 

Power Tool Cleaning 

Flame Cleaning of New Steel 

White Metal Blast Cleaning 

Near-White Blast Cleaning 

Commercial Blast Cleaning 

Brush-off Blast Cleaning 

Pickling 

Removal of oil. grease, dirt. soil, salts. and contaminants by cleaning with 
solvent. vapor, alkali. emulsion or steam. 

Removal of loose rust. loose mill scale. and loose paint to degree specified. 
by hand chipping. scraping. sanding and wire brushing. 

Removal of loose rust. loose mill scale, and loose paint to degree specified, 
by power tool chipping. descaiing. sanding. wire brushing and grinding. 

Dehydrating and removal ot rust. loose mill scale, and some tight mill Scale 
by use of flame. followed by wire brushing. 

Removal of all visible rust. mill scale, paint and foreign matter by blast 
cleaning by wheel or nozzle (dry or wet) using sand. grit or shot. (For very 
corrosive atmosphere where high cost of cleaning is  warranted.) 

Blast cleaning nearly to White Metal cleanliness. until at least 95% of each 
element of surface area is tree of all visible residues. (For high humidity. 
chemical atmosphere. marine or other corrosive.environment.) 

Blast cleaning until at least two-thirds of each element of surface area is 
tree of all visible residues. (For rather severe conditions 01 exposure.) 

Blast cleaning of all except tightly adhering residues 01 mill scale, rust and 
coatings, exposing numerous evenly distributed flecks 01 underlying metal. 

Complete removal of rust and. mill scale by acid pickling. duplex pickling or 
electrolytic pickling. May passify surface. 

Source: Excerpted by special permissin for Chemical Engineering, December 4, 1972, Copyright (c) 1972, by 
McGraw-Hill, Inc., New York, N.Y. 10020. 



I 
Proper Treatment of the Coating, Proper treat- 1 

ment (curing) of the coating surface is an important step I 
in the coating application procedure. There are numer- I 
ous coatings available to protect steel and other metals 
with curing requirements varying from baking at tem- I 
peratures on the order of 400°F to force drying at tem- 1 
peratures slightly above ambient. The proper curing or I 
drying procedure for the various coating materials is 
specified in manufacturers' application instructions [171. , 

Testing and Inspection of the Applied Lining or ' 
Coating. After the coating is installed, it is the general i 
practice to inspect its thickness and integrity. There are1 
a vaz?ety of field instruments used to measure coating) 

I 

i 

thickness and porosity after the coating has been applied 
and cured. These include dry gauges, such as the mag- 
netic 'and semi-destructive scratch gauges, and the wet 
gauge known as the comb type Rauge. Low voltage 
pinhole detectors (spark tests) may also be used to de- 
tect small imperfections in the coating. Other instru- 
ments that may be used include surface temperature 
thermometers; sling psychrometers, for calculating de- 
wpoint and its relation to the surface being coated; sur- 
face profile comparators, for blast-cleaned steel sur- 
faces; and moisture meters, for concrete and masonry 
surfaces [16]. 

f 

6 Table 2.1-5 

i a t e s t  CoLting Techniques 

i 

Source: Excerpted by special permissin for Chemical Engineering, De- 
cember 4, 1972, Copyright (c) 1972, by McGraw-Hill, Inc., 
New York, N.Y. 10020. , 
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E. WRAPPINGS 

\ 
Another method of corrosion protection involves 

the application of polyethylene as a loose wrapper 
around the tank. Wrappers act as exterior coatings 
which minimize the possibility of contact between the 
metal and the soil. Wrappers have the advantage that 
they are an inexpensive method of corrosion protection; 
however, the initial savings must he weighed against 
long-term economics and effectiveness. Wrappers are 
difficult to install properly and are frequently ineffec- 
tive; they may actually trap moisture on the tank surface 

\ 

and thus lead to accelerated corrosion [lo]. 
The life expectancy and performance of a wrapper 

depends upon several factors, including the following: 
BIts incompatibility with the surrounding soil. 
eIts incompatiblity with the liquid stored if the 

eThe wrapper thickness. 
OThe care taken to avoid tearing during its installa- 

Some oil companies have reported extended tank 
lives attributable to polyethylene wrappers, hut to date 
there is insufficient long-term experience to formulate a 
solid judgement regarding their effectiveness [IO]. 

wrapper is exposed to that liquid. 

tion. 

Information on Specifications for Tank Materials and Construction 

Carbon Steel 

American Society for Testing and Materials 
1916 Race Street 
Philadelphia, PA 19103 

American Society of Mechanical Engineers 
345 East 41th Street 
New York, NY 10017 

Underwriters Laboratories, Inc 
333 Pfingsten Road 
Northbrook, IL 60062 

National Fire Protection Association 
Batterymarch Park 
Quincy, MA 02269 

American Nationa! Standards Institute 
1430 Broadway 666 Dundee Road 
New York, NY 10018 

Steel Tank Institute 

Northbrook, Illinois 60062 
Information on standards and specifications of the 
Canadian Standards Association and the Intema- 
tional Organization for Standardization may also be 
obtained from ANSI. 

Fiberglass-Reinforced 
Plastic 

American Society for Testing and Materials 
American Petroleum Institute 
2101 L Street, N.W. 
Washington, D.C. 20037 

American Iron and Steel Institute 
1000 Sixteenth Street, N.W. 
Washington, D.C. 

American Welding Society 
2501 N.W. Seventh Street 
Miami, FL 33125 

National Association of Corrosion Engineers 
1440 South Creek 
Houston, TX 77084 

I 
- 

1916 Race Street 
Philadelphia, PA 19103 

Underwriters Laboratories, Inc. 
333 Pfingsten Road 
Northbrook, IL 60062 

National Fire Protection Association 
Batterymarch Park 
Quincy, MA 02269 

Tank Relining - 
Surface Preparation 

Steel Structures Painting Council 
4400 5th Avenue 
Pittsburgh, PA 15213 
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Part I1 ! 

UNDERGROUND , 

PIPING §Y§TEM , 

CHAPTER 2: 

! 
I 

A. INTRODUCTION 

The components of a piping system for'an under- 
ground storage facility, as shown in Figure:2.2-1, in- 
clude pipe, valves, pumps, and their associated connect- 
ing joints and fittings. These components represent a 
major potential source of leaks from undergryund stor- 
age facilities. Such leaks may occur due to: ( I )  corro- 
sion; (2) physical breakage; or (3) loose conne&ms at- 
tributable to wear or improper installation. 

This chapter addresses the causes and methods of 
preventing product leaks in the piping system of an un- 
derground storage facility. The discussion cocuses on 
the types of piping, pumps, connecting joints and fit- 
tings which are unique to underground (buried) service. 
Piping systems described here are typical of those found 
in the petroleum industry. Those components. which are 
usually located aboveground or in accessible locations, 
such as valves and large pumps, arc discussed in Part 
111 of this report. 

I 

B. CAUSES AND METHODS ' 
OF PREVENTING LEAKS I 

I 

The major causes of leaks from the pip$ system 
are deterioration of piping system components and im- 
proper installation of these components. The deteriora- 
tion of piping system components can occur for any one 
of several reasons: the most common of these, particu- 
larly in the case of metal components or parts, iS COTTO- 

sion, which has been discussed in detail in P k t  1. Other 
reasons included the following: 

QMechanical failure (physical breakage or rupture), 
such as the failure of valves or valve seals, 
pumps, or the gaskets in fittings. 

C r a c k s  in piping or connecting joints. These could 
result from settlement or earth movement, vibra- 
tion, or unrelieved stress concentrations! 

Many leaks have also been traced to improper han- 
dling and installations practices, such as the following: 

.The improper connection of system components. 
QThe improper installation of bedding !nd founda- 

.Structural damage to piping, pumps,-etc. during 

.Corrosion when impressed current cathodic protec- 

tions for underground piping. 

transportation and installation. 

tion is improperly bonded to the system. 

Underground piping leaks can be prevented through 

eProper design (selection of materials, component 
sizing, etc.) 

@Proper installation. 
BProper testing. 
eTimely replacement. 

the following: 

1. Proper Design 

The design and selection of appropriate compo- 
nents for a particular piping system depends upon the 
intended use of those components. The items that must 
be considered include those listed in Table 2.2-1. In 
short, piping system concerns in underground applica- 
tions focus on: ( I )  physical strength of the components; 
(2) ability to handle the required volumes (flow rates); 
and (3) ability to withstand such phenomena as internal 
and external corrosion, thermal loadings due to freezer- 
thaw cycles, and the physical loads caused by surges of 
liquid flow. 

2. Piping System Installation 

Faulty installation of pipe and pipe fittings is a 
major cause of leaks and spills at liquid storage facili- 
ties. The following is a list of important considerations 
during underground pipe installation: 

Table 22-1 

Important Criteria in the Design of 
Piping System Components 

- The type of service (transporting liquid, vapor 
or slurry). 

- The(corrosive) characteristics of the material to 
be transported, and the ability of piping system 
components to withstand that corrosion. 

- The volume of material to be transported. 

- The extent to which surges in flow are expected 
or  likely. 

- The characteristics of the soil or  other atmos- 
phere to which the piping system components 
are exposed. 
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Figure 2.2-1 

Piping Systems for Underground Storage 

F.. CONC. SLAB 

STORAGE TANK 
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ILL PREVENTION 

STORAGE TANK 

SYSTEM WITH SUBMERGED PUMP 

Source: API Publication 16 15, Instullution of Undergroirnd Petroleum Storage Systems, 1979. 
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*Product lines should be run in a single trench be- 
tween the tank area and their destination. The 
same is true for underground vent lines. This will 
facilitate access to the piping system for repairs or 
replacement of components. 

.Before any underground lines are laid, the .trench 
or ditch for underground piping should receive a 
minimum 6 inch-deep bed of well-compacted non- 
corrosive (i.e., provides less corrosive environ- 
ment than most native soils) material, such as 
clean, washed sand or gravel. All trenches should 
be wide enough to permit at least 6 inches of such 
protection around all underground lines. This ap- 
plies to both metallic and nonmetallic underground 
piping. Bedding and the covering ,backfill ,should 
be of the same material. Providing bedding and 
covering in this manner serves two purposes: (1) 
it provides proper structural support for the pipe; 
and (2) it provides a less corrosive environment 
for metallic piping system components than most 
native soils. 

@Piping should be arranged so that lines ,do not 
cross over underground tanks. This will m,inimize 
the possible creation of electrical connections be- 
tween pipes and tanks which could accelerate cor- 
rosion. Pipe connections to tanks should be 
through insulated bushings. 

Wnderground product lines should have a mini- 
mum cover of 12 inches for adeguate protection 
from the loads of surface traffic. 

@Careful attention must be paid to :the tightness of 
all joints and pipe fittings. Tightness should be 
tested (e.g. all joints and piping should be soap 
tested) before covering the pipe. 

@The possible breakage of underground piping, or 
the loosening of pipe fittings resulting in product 
leaks, can be minimized through the use of swing 
joints. Swing joints, which are describedllater in 
this chapter, provide for movement at pipe con- 
nections without putting stress on the pipe. These 
types of joints should be installed in lines at the 
points where piping connects with. underground 
tanks and where the piping ends.at pump islands 
and vent risers. Fiberglass piping, which,is inhe- 
rently flexible, does not require swing joints if at 
least 4 feet of straight run is provided ibetween 
any directional change exceeding 30 degrees. 

@The actual location of pipe should be noted on as- 
built drawings, especially if there is a change 
from facility design drawings. Photographs of un- 
derground piping are also desirable as part of the 
permanent record of piping locations. Pipe loca- 
tion records of these types minimize the likelihood 
of pipe breakage accidents during future excava- 
tion at the storage facility. 

eProduct lines and vent lines should have a uniform 
slope toward the tank of not less than %' inch per 
foot. This facilitates pipe drainage and avoids sags 
or traps in the line in which l i p i d  can collect. 
Sloping is very important in insuring tight check 

valve and proper leak detection operation. 
More infdrmation and direction on pipe installation 
practices can be found in API Publication 1615 [2]. 

I 3. Periodic Testing 

Periodic testing of underground piping system com- 
ponents is also an important aspect of any IeaWspill pre- 
vention program. Inasmuch as leaks in piping systems 
can occur in inaccessible (buried) pipe lengths and 
joints because of corrosion, thermal stresses and 
mechanical stresses, periodic testing is an important 
means of incuring safety and reliability. 

Underground piping systems may be tested using 
the Kent-Moore Test as well as other types of tests. 
These testing techniques and their accuracy are de- 
scribed in Chapter 6 of this part of the report. 

The required frequency of piping system testing 
will vary depending upon the severity of service, avail- 
able historical data, and local regulatory requirements: 

OTesting will be more frequent when high rates of 
internal or external corrosion are expected due to 
the nature of the stored products or the soil in 
which the piping system is buried. 

QIf the performance history of underground tanks or 
piping in the area indicate the likelihood of rapid 
deterioration of buried components, testing will be 
more frequent. 

QThe frequency of testing of underground tanks and 
piping may be mandated by law. OSHA regula- 
tions require submerged transfer pump piping tests 
at five year intervals. 

e 
4. Timely Replacement 

Equally important in an adequate leak prevention 
program is the repair and/or replacement of deteriorated 
or damaged pipe prior to the occurrence of a leak or 
spill. Piping should always be of sufficient thickness 
and integrity to withstand normal working pressures due 
to fluid flow as well as the stresses caused by mechani- 
cal loading, hydraulic surge pressures, thermal expan- 
sion and contraction, and other conditions which can 
impose stresses on piping. When the pipe wall thickness 
or structural integrity of the pipe joints, connections, 
etc. approach a point at which these stresses cannot be 
withstood, that piping should be replaced. 

Underground metallic piping at a storage facility 
should be replaced when metallic underground storage 
tanks are replaced to avoid accelerated corrosion in the 
new tanks; such accelerated corrosion could result from 
a reaction between the older pipe and the newer tank 
(see discussion of corrosion in Part I). 
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C. TYPES OF PIPING E. EXPANSION JOINTS AND SWING JOINTS 

There are a wide variety of types of piping com- 
mercially available. Those that are extensively used for 
underground applications include the following: 

Warbon steel. 
oStainless steel. 
BPlastic. 
sFiberglass-reinforced plastic. 
Galvanized steel. 
oOther composites, such as rubber-, plastic-, or 

epoxy-lined steel. 
These types are typically used in sizes ranging from 1 
to 4 inches in diameter, although larger pipe may be 
used in certain applications, such as at large bulk stor- 
age facilities. Data describing the chemical compatibil- 
ity, and the advantages and disadvantages of the types 
of pipe listed above are summarized in Table 2.2-2. 

In handling very hazardous or toxic liquids there 
are double walled pipes available. One type consists of 
an outer wall enclosing several pipes of smaller diame- 
ter. This whole ensemble is contained by a bulkhead at 
the end of each segment. The interstitial space of the 
outer wall is slightly pressurized with nitrogen. The 
inner pipes are tilled with nitrogen at a higher pressure. 
With this configuration, pipe runs can be checked for 
leakage. A drop in pressure indicates leakage in the 
outer wall. A rise in nressure shows a leak in one of 
the inner pipes. See figure 2.2-2 

.' 
D. FITTINGS 

Fittings are the connecting links of the piping sys- 
tem. This includes pieces of pipe that perform the fol- 
lowing functions: 

Noin two pieces of pipe, as do couplings and 
unions. 

Qchange pipe direction, such as is the case with el- 
bows and tees. 

C h a n g e  pipe diameter, as do reducers. 
QTerminate a pipeline, such as is the case with 

plugs and caps. 
Wain two streams to form a third, as is the case 

with tees, wyes and crosses. 
oAllow for pipeline directional flexibility, ,as do 

swing joints (or swivel joints) and expansion 
joints. 

As stated earlier, fittings are frequent locations of 
piping system failure due to improper installation, 
mechanical stress, or wear. To insure proper operation, 
these components should be installed carefully and 
tested periodically. 

Expansion joints and swing joints are used to add 
directional flexibility to pipelines, thereby preventing 
the building up of potentially destructive stresses. As 
shown in Figure 2.2-3, expansion joints typically con- 
sist of a flexible bellows jointed to pipe at each end. 
These types of joints can be designed for axial move- 
ment, lateral movement, or a combination of axial and 
lateral movement (see Figure 2.2-4). The most common 
types of expansion joints are rubber reinforced with 
steel rings and flexible cormgated metal bellows. 

Expansion joints are used in piping systems for the 
following purposes: 

QPrevent stresses. Piping systems expand and con- 
tract with temperature changes; an expansion joint 
compensates for this movement. 

oEliminate vibration and noise. Pumps, compres- 
sors, engines and pressure surges in pipe lines 
create vibration and objectionable noises. 

QCompensate for misalignment. Piping and 
mechanical equipment often move out of normal 
alignment during operation due to wear, load 
stresses or settling of buildings and foundations. 

oReduce flange breakage. Undue stress caused by 
misalignment, vibration, expansion or contraction 
will break metal connecting flanges. 

Note that there is a potential for leaks from expan- 
sion joints because the repeated flexing of the joint will 
eventually cause the joint to fail. To prevent this occur- 
rence, the joint should be periodically tested (piping 
system tests) and, where accessible, inspected. They 
should not be used unless they are inspectable. 

Swing joints or swivel joints are employed to pro- 
vide rotational flexibility to a pipeline. As shown in 
Fig. 2.2-5, they may be designed to provide one, 
two, or three planes of rotation, These types of joints 
are used primarily to prevent torsional stresses in 
pipelines, thereby reducing the likelihood of flange or 
pipeline failure. Swivel joints, however, must be pro- 
tected so that no dirt can enter the area of the bearing 
or bearing race. 

F. UNDERGROUND PUMPS 

The types of pumps used at underground storage 
facilities are typically submersible pumps or suction 
pumps. Suction pumps are located at grade, either di- 
rectly above the storage tank or, as is the case in some 
dispensing operations, at some distance from the storage 
tank. Suction pumps may be either centrifugal, rotary or 
reciprocating pumps. ,The differences between these 
types of pumps and tiie concerns associated with their 
operation are addressed in Part 111, Chapter 2, and in 
references such as the Chemical Engineers' Handbook 
P I .  
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" I  
rable 2.2-2 

characteristics of Piping Materials for Underground Service 
Type of Pipe Chemical Compatibility Remarks 

Carbon steel 

Stainless steel 

Cast iron 

Plastic tube 
and pipe 

Plastic lined 
piping 

Fiberglass and 
fiberglass- 
reinforced pipe 

Compatible with petrolcum products but 
not Compatible with corrosive chemicals 
such il, acid, without coatings 

I 

Compatible with petroleun and corrosive. 
chemicals, such as acids, depending on 
grade. I 

Resists corrosive attack by natural or 
neutral waters and neutral soils as well 
as atmospheric corrosipn. Resistant to 
concentrated acids (nitric, s.ulfuric and 
phosphoric as well as alkaline and caustic 
solutions. Dilute acids and acid-salt solu- 
tions will attack this material. 

I 

Various plastics can be chosen for their 
resistance to specific chemicals. 
For example: 

Polyethylene pipe and tubing have excel- 
lent resistance to salts, sodium and 
ammonium hydroxides, and sulfuric, 
nitric and hydrochloric acids, I 

Polyvinyl chloride pipe and tubing have 
excellent resistance at room temperatures 
to salts, alcohol, gakolii,  ammonium 
hydroxide, and sulfuric, acetic, nitric, and 
hydrochloric acids; may be damaged by 
ketones, aromatics and some chlorinated 
hydrocarbons. 
Polypropylene pipe and tubing having 
excellent resistance to most common 
organic and mineral acids and their salts, 
strong and weak alkalies, and many 

Same as plastic tube and pipe above. 
organic chemicals. I 

Compatible with n widc range of 
petroleum and chemical products. See 
chemical ComDatibilitY chan in Pan II, 
Chapter I .  

Susceptible to corrosion if not coated, 
galvanized or cathodically protected. 

Relatively inexpensive. 
Galvanized steel is used extensively at 
service stations and other petroleum 
industry applications. 
Used when product purity is of great 
concern . 
High relative costs. 
Primarily used for corrosion protection 
when coatings will not suffice (e.& at high 
operating temperatures). 
Low relative cost. 

Provides more metal for less cost than steel 
piping systems. 

Brittle - has poor resistance to impact or 
shock. 
More widely used for non-hazardous sewice 
(e&, water) than for hazardous chemicals 
service. 
Widely used for low pressure service where 
corrosion causes extensive loss of metal. 
Free from internal and external corrosion. 

Do not cause galvanic corrosion when 
coupled to metallic material. 
Allowable stresses and temperature limits 
are low. 

Low structrual strength when compared 
to steel. 

Plastics are suitable.for underground 
service when UL-approved for the product 
being carried by the pipe. 

Combines the chemical resistance of the 
various plastics and the tensile and struc- 
tural strength of steel. 
Less structural strength than steel. 

High resistance to external and internal 
corrosion. 
Suitable for underground piping when UL 
approved for the product being carried. 

I 
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Figure 2.2-2 

Double Walied Pipe 
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Source: Perma-Pipe, division of Midwesco, Inc, 
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Figure 2.2-3 

Diagram of a Universal-Type 
Expansion Joint 

I 

Swivel or hinged connection 
Tie rods, J 

Source: From Chetnicul Engineers' Handbook, Perry, R.H. and Chilton, C.H., Copyright (c)  1973, McGraw 
Hill, Inc. Used by special permissionof McGraw-Hill Book Company. 

Figure 2.2-4 
Action of the Bellows 
of an Expansion Joint 

Undeflected Position 

P = AxW ampression 

H r A = A x i . a l  extension 

! 'Forms of lalerol movement 

. 

e P  
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Source: From Chemical Engineers' Hundbook, Perry, R.H. and Chilton, C.H., Copyright (c) 1973, McGraw- 
Hill, Inc. Used by special permissionof McGraw-Hill Book Company. 
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Figure 2.2-5 

Swivel Joints 

Cross section. Shows boll  bearings 
which permit rotational movement. 
Cannot be used underground unless 

protected to prevent d i r t  from 
entering bearing a r e a .  

\ 
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U 
2 PLANES OF ROT4TION 
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3 PLANES OF ROTATION 

Source: OPW DivisionlDover Corp. 
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The submersible pump (submerged :transfer'pump) 
system works on the principle of positive pressure to 
push the liquid from a low point to a high point. 'Unless 
there is a leak line detector in the system or the leak 
is large, loss of product will not be detected until con- 
siderable volume has been lost. A suction pump system 
works because of a vacuum at the high end! which 
draws liquid from the low end. A large leak in the sys- 
tem would result in lack of suction and an immediate 
indication of trouble. A small leak would result in 
drainage of the pipe overnight and a lack of prime in 
the morning which would cause the system to be in- 
operative. A check valve under the product dispenser 
might hold enough product to reprime the pump but 
such a system should be discouraged because it would 
mask a line leak. 

Submersible pumps are mounted inside the tank; 
they are centrifugal pumps closely coupled with an elec- 
tric motor that can operate when submerged.: These 
types of pumps may be commonly used in situations 
such as gasoline service stations. 

When suction pumps are used, leaks in the pump 
delivery line that result in significant losses of product 
can be detected through a loss of pump suction; result- 
ing in inefficient or poorer pump operation. WhFn such 
a situation is encountered, operations should be halted 
until the source can be identified and corrective action 
taken. I 

In the case of submerged pumping systems, leaks 
in the product delivery line can be detected through the 
use of product delivery line leak detectors. These de- 
vices are mounted immediately above the tank on the 
pump delivery line as shown in Figure 2.2-1; they are 
designed to detect losses of pressure in the product de- 
livery that do not correspond to decreases in the dis- 
charge pressure of the submerged pump. Such a loss of 
pressure in the product delivery line indicates a loss of 
liquid in that line before it reaches the discharge point 
of the pipeline. 

Another device recommended (actually required by 
NFPA 30)~ for use in submerged pumping systems or 
remote pumpipg systems, is a remote pump shut-off 
valve. In service stations these valves are located at the 
base of the dispensers. Should the dispenser be over- 
turned, due to bumping or impact, the valve automati- 
cally closes, preventing extensive product spillage. 
These valves also contain a fusible link which closes the 
valve upon exposure to excessive heat or fire. A cross- 
section of a remote pump shut-off valve is shown in 
Figure 2.2-6. 

Systems are also available that automatically shut 
off pipe flow in case of a drop in pressure dr a differ; 
ence of input compared to outflow. 

Figure 2.2-6 

Typical Remote Pump Shut-Off Valve 

I 
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,Source:, OPW DivisioniDover Corp. 
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Part 11 
CHAPTER 3: 

UNDERGROUND SPILL I 

CONTAINMENT SYSTEMS , 

A. INTRODUCTION 

1. Background 

Underground spills or leaks can range in seventy 
from a minor leak at a pipe joint or tank wall to a catas- 
trophic tank rupture that spills the entire tank contents 
into the ground. The largest spills come from sizeable 
leaks that go undetected for years. Regardless of the 
severity of the incident, the resulting impacts in terms 
of soil and groundwater contamination are highly unde- 
sirable and should be avoided. The steps which can be 
taken to prevent long-term and widespread contamina- 
tion of the soil and ground water include the following: 

0Leak prevention and early detection practices such 
as good housekeeping, inventory control, and 
monitoring of the immediate storage area. 

OContainment of the storage area. 
ORemoval of contaminated soil or groundwater be- 

fore extensive spreading of the contaminant. , 
Good housekeeping is an important aspect of any 

leak prevention program. Many incidents occur due to 
carelessness and sloppy housekeeping, practices which 
should not be tolerated. Good housekeeping practices 
were addressed in Part I of this report. 

Early warning leak detection practices such as in- 
ventory monitoring and tank excavation monitoring 
form the first line of defense against extensive soil and 
groundwater damage due to leaks. These techniques are 
discussed in detail in Chapter 5 of this part of the re- 
port. 

Undergound spill or leak containment systems rep- 
resent the second line of defense agaist propagation of 
soil or groundwater contamination. They can also act to 
enhance the effectiveness of early warning leak mohtor- 
ing systems by confining the leak or spill until detection 
is possible. 

The removal of contaminated soil and groundwater 
represent the last line of defense against widespread 
contamination. Practices such as extensive soil excava- 
tion for disposal, or the use of recovery wells to remove 
contaminated groundwater fall into this category a?d are 
drastic and relatively expensive steps. In addition, ac- 
tions of this type are not always completely successful. 
For example, it may be impossible to remove all of a 
contaminant from a groundwater if it has spread exten- 
sively or become thoroughly mixed in the groundwater 
table. Recovery wells are discussed briefly in Part 11, 
Chapter 5 of this report. 

2. Containment Technology 

The control technology used to contain under- 
ground spills and leaks consists of establishing a barrier 
around the storage tank so that any leaked liquid does 
not have a free path to escape from the storage area. 
The barrier materials used for containment include the 
following: 

oLiners with low soil permeability (clay). 
Wynthetic membrane liners. 
0Soil sealants, such as soil cement or hentonites. 
Concre t e  vaults. 
QDouble-walled tanks. 
It is important to include a liquid removal and 

monitoring system as part of secondary containment. 
The containment floor should be sloped to a sump from 
which a sample can be taken for analysis to determine 
if product is leaking from the tank. If the secondary 
containment does not have an impervious cover, ac- 
cumulated rainwater which percolates to the liner should 
be removed by siphoning, pumping or via an under- 
ground drainage system. In fact some water will proba- 
bly collect above the containment liner even with an im- 
pervious cover. Such water should he considered as 
contaminated and should receive proper treatment after 
being drained off. 

Selection of the proper containment material for a 
particular application depends upon several factors, in- 
cluding: 

QThe type of material being stored. 
QLocal environmental conditions. 
QLegislative requirements. 

Type of Material Being Stored. Consideration of 
compatibility with the liquid being stored is important; 
the liner material must be able to maintain its integrity 
and impermeability when exposed to the stored product. 

Local Environmental Conditions. The sensitivity 
of the environment in the vicinity of the storage facility 
can largely affect the level of environmental protection 
and hence the type of containment liner required. For 
example, in areas where the storage facility i s  located 
near or above an aquifer, greater care may he required 
in the selection and installation of the containment liner. 

Legislative Requirements. In addition, local gov- 
ernments may be highly prescriptive and specific in 
terms of the type of containment barrier required. Such 
legislation requirements are often based upon local en- 
vironmental conditions. 

Containment systems will be effective only as long 
as they remain intact. Disruption of clay liners or soil 
sealants by tree roots, or the ripping of synthetic liners 
during handling are examples of incidents that can lead 
to ineffective leak or spill containment. 

Table 2.3-1 presents a summary comparison of the 
various types of underground containment systems. 
Further details are provided in the remainder of this 
chapter. 
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B. CLAY LINERS 

1. Chemical and Physical Properties [5,8,10] 

Due to their general availability in many areas, 
clays are often considered the first altemtive for storage 
tank containment liners. Clays are relatively inexpensive 
liner materials that can be extremely effective for tank 
storage. These materials can also be effectively used as 
liners for pipe trenches. 

Clays are complex minerals that have a wide range 
of compositions and properties. They are subject to 
changes in composition due to several factors, including 

1 

the following: I 
oweathering when exposed to air. 
oLeaching of components when exposed to ground- 

water or other solutions. 
QIon exchange, or the replacement of ions in the 

clay with other ions of similar charge, when ex- 
posed to substances such as water containing 
acids, alkalis, or dissolved salts. 

BDestabilization when exposed to some organic sol- 
vents. 

Other factors that influence the performance of clay 
liners include: ( I )  compatibility with the stored product; 
(2) the thickness of the clay liner; (3) the shrink-swell 
potential of the clay; (4) the plasticity of the clay; and 
(5) the moisture content, density, and degree of com- 
paction of the clay. The selection of a clay material for 
a particular liner application should he based upon tests 
for suitability by a soils engineer or a soils chemist. 

2. Design and Installation Requirements [5,8] 

Before installing a clay liner, it is necessary to first 
drain and stabilize the excavation. A bottom layer is 
then laid in place and compacted using a device such 
as a steel wheel roller. This bottom layer should be at 
least 6 inches deep; depths of 2 to 4 feet are not uncom- 
mon. When this bottom layer is more than 6 inches 
thick, it is usually the practice to apply it in stages to 
ensure proper compaction. The required degree of com- 
paction depends upon the composition of the soil itself, 
its clay content, density, and moisture content. Once the 
bottom layer has been properly installed, the tank 
should then be installed in accordance with New York 
State standards and guidelines, and the excavation back- 
filled with more clay material to provide containment all 
around the tank. The installation of clay liners can be 
a complex operation requiring a trained contractor to en- 
sure high levels of quality control. 

I 

C. SYNTHETIC MEMBRANE LINERS 

1. Chemical and Physical Properties [5,8] 

Synthetic membrane liners are polymeric materials, 
manufactured in sheet form, that can be spread over the 
tank excavation walls or floor to contain a leak or spill. 
As a class, these types of liners have several advantages 
and disadvantages. The advantages of synthetic mem- 
brane liners include the following: 

QThey can contain a wide variety of liquids with 

QThey have high resistance to bacterial deteriora- 

OThey have high resistance to chemical attack. 
'They are relatively economical to install and 

QThey are readily installed for many applications. 
In general, the disadvantages of synthetic membrane lin- 
ers include the following: 

QThey are vulnerable to attack from ozone and ul- 
traviolet light (sunlight) when compared to other 
types of liners. 

oThey have limited ability to withstand heavy 
loads. 

@They are susceptible to laceration, abrasion, and 
puncture. 

oThey are prone to cracking at low temperatures, 
and stretching and distortion at very high tempera- 
tures. 

The synthetic polymeric membranes that are most 
commonly used to contain chemical and petroleum 
products are polyvinyl chloride (PVC), polyethylene, 
chlorinated polyethylene (CPEJ, chlorosulphonated 
polyethylene (CSPE or hypalon), oil-resistant polyvinyl 
chloride (ORPVC), ethylene proylene diene monomer 
(EPDM), butyl rubber and neoprene. In addition, DuP- 
ont has developed a proprietary elasticized polyolefin 
called 3110. Table 2.3-2 presents a general summation 
of the advantages and disadvantages of thse synthetic 
materials, and Table 2.3-3 presents a summary of the 
compatibility of these substances with various types of 
hazardous materials. For more information on the chem- 
ical compatibility of synthetic membrane liners, please 
refer to references 5 and 8. 

minimum loss through seepage. 

tion. 

maintain. 
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Table 2.3-1 

Comparison of Underground Spill Containment Systems 

Relative 
TypeofSystem Advantages Disadvantages Cost 

Clay Liners 

Polymeric Liners 

Soil Cement 

Bentonite 

Concrete Vaults 

Double Walled 
Tanks 

The least expensive liner if clay is available 
close to the site. 

Use of clay is a well established practice 
and standard testing.procedu<es are 
available. 

Subject to drying and cracking and thus 
must be protected with soil cover. 
Subject to leaching of components when 
exposed to groundwater or other solutions. 

Subject to ion exchange when exposed to 
water containing acids, alkalis, or dissolved 
salts. 
Subject to destabilization when exposed to 
some organic solvents. 

Well established solution to problem of con- Require subgrade preparation and steril- 

I 

I 

. .  
taining petroleum products. 
Particularly good for temporary storage. 

High resistance to bacterial deterioration 

Good durability. 

Resistance to aging and weathering 

Low permeability. 

Does not deteriorate with age. 

Self sealing. 

Good strength and durability.: 

Constructcd of matcrial (FPR or coated 
steel) which is rcsistant Io the stored 
product and to cxtemal corrosion. 
Includes leak detection system in tank 
design. 

ization to reduce risk o f  puncture. 
Must be protected from damage, particu- 
larly due to vehicular traffic. 
Must be protected from sunlight and ozone. 
May be attacked by hydrocarbon solvents 
particularly those with high aromatic content 
Good oil resistance and good low tempera- 
ture properties do  not normally go hand 
in hand. 

Subject to degradation due to frost heaving 
of subgrade. 
I n  place soil usually used; permeability 
varies with the type of soil. 
Untreated bentonite may deteriorate when 
exposed to contaminant. 
Requires protective soil cover, typically 
18 inches. 
Subject to destabilization when exposed to 
some organic solvent. 
Requires surface coating to insure 
impermeability. 

Subject to cracking when exposed to 
freezelthaw cycles. 
Some models only available in tank sizes 
up to 4.000 gallons. 

Low 

Moderate 
to High 

Moderate 

Moderate 

High 

High 

I , 
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2. Design and  Installation Requirements [5,81 

In most instances, installation of the liner is as im- 
portant to the overall success of the application as mate- 
rial selection. Liner installation is a relatively compli- 
cated task that should be performed by a qualified con- 
tractor, paying attention to important details such as the 
following: 

cThe base of the excavation should be compacted 
to prevent settling under the liner and tank after 
they are in use. 

QThe slope of the excavation should be stable to 
avoid collapse after the liner has been installed. 

@The base and sidewall areas that will contact the 
membrance should be finely finished. All rocks, 
rubble and debris which could puncture the lining 
should be removed. Sand layers should be placed 
above and below the membrane to further prevent 
punctures and to facilitate underdrainage. Soi’ 
sterilization with a herbicide may be considered io 
instances where vegetation may propagate, but the 
herbicide should not be applied indiscriminately. 

QThe liner should he carefully placed and seamed 
(bonded) in accordance with manufatnrers’ specifi- 
cations. Table 2.3-4 summarizes the important 
considerations of synthetic liner installation. 

Membrane liners are typically used in areas 
of high groundwater, although they can be em- 
ployed in other instances. When the material to be 
stored is lighter than water, the liner is always in- 
stalled around the sides of the excavation perime- 
ter extending down beneath the groundwater level. 
For these types of chemicals, the groundwater acts 
as the bottom containment for any leak or spill, 
When the liquid to be stored is heavier than 
water, the liner is always installed under the tank 
along the excavation base as well as along the 
sidewalls to prevent the liquid from migrating out- 
side the excavation area. With the liner under the 
tank, the bottom liner cover area should be 
drained before closure. An observation well to a 
low point of the membrane could be used to con- 
firm liner integrity. The excavation should have 
an impervious cover to prevent flooding of the 
lined area. Figures 2.3-1 and 2.3-2 illustrate these 
types of applications. 

Membrane liners can also be used as wrap- 
pers around underground storage tanks. 
Polyethylene wrappers have been used in such a 
manner to enclose steel tanks. Some success in 
tank leak prevention has been reported using such 
a technique. However, corrosion can occur under 
the wrapper if groundwater enters the space be- 
tween the tank and wrapper through a tear or 
other imperfection. In addition, such a wrapper is 
not adequate for use with cathodic protection for 
steel tanks [9 ] .  Further discussion of this tank pro- 
tection technique has been included in Part 11, 
Chapter I .  

. 

I 
i 

I 

i 

I 

1 

! 

! 
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Table 2.3-4 

Considerations During Liner Placement 

Use a qualified installation contractor having 
experience with membrane liner installation, pre- 
ferably the generic type of liner being installed. 

Plan and implement a quality control pro- 
gram which will help insure that the liner meets 
specification and the job is installed per specifica- 
tions. Inspection should bedocumented for review 
and recordkeeping. 

Installation should be done during dry, mod- 
erately warm weather if possible. 

The excavation base and wall should be firm: 
smooth, and free of sharp rocks or debris. 

D. SOIL SEALANTS 

The types of soil sealants more commonly 
used for lining storage tank containment areas are 
soil cement and bentonites (clay materials). These 
types of sealants are discussed in detail below. 

1. Soil Cement [5,81 

Chemical and Physical Characteristics. Soil ce- 
ment is a compacted mixture of Portland cement, water, 
and selected in-place soils. The result is a low strength 
Portland cement concrete with greater stability than nat- 
ural soils. The permeability of this mixture vanes with 
the type of soil used. a more granular soil produces a 
more permeable soil cement. 

Any soil can be treated with cement. However, 
there are some exceptions where cement should not be 
used 

BHighly organic soil retards cement hydration be- 
cause of absorption of calcium ions. 

BClean well-graded gravels and crushed rock are 
sometimes unsuitable because of shrinkage prob- 
lem. 

CClays can be unsuitable because of the difficulty 
of incorporatini,a fine cement powder into a wet, 
plastic clay and because soil properties are not 
significantly affected. 

Waline soils are unsuitable, but this can be over- 
come by increasing the cement content. 

The aging and weathering characteristics of soil ce- 
ments are good, especially when exposed to wet-dry 
and freeze-thaw cycles. Some degradation has been 
noted when this substance is exposed to highly acidic 
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Table 2.3-2 

Cornpadson of Various Synthetic Polymeric Membranes 

Polyvinyl Chloride 
(PVC) 

Oil Resistant PVC 

Polyethylene' 

Chlorinated Poly- 
ethylene (CPE) 

Chlorosulfonated 
Polyethylene 
(CSPE or hypalon) 

Ethylene Propylene 
Diene Monomer 

Butyl Rubbei 

Good resistance to ozone and ultraviolet 
ligh when properly stabilized I 

Good resistance to puncture. , 

High tensile strength. I 
Improved resistance to aromatic hydro- 
carbon relative to standard grades of PVC. 
Great resistance to bacteriological 
deterioration. 
Good tensile strength. 
Few restrictions on chemical exposure. 
Good low temperature characteristics. 
Excellent weatherability. 

Good tensile and elongation strength. 
Good resistance to ultraviolet ligvt 
and ozone. 
Excellent crack and impact resistance at 
low. temperatures. 
Moderate to good hydrocarbon resistance. 
Good puncture resistance. 
Good resistance to microbiological attack. 
Excellent resistance'to low temperature 
cracking. 
Excellent weather resistance. , 

I 

Poor hydrocarbon resistance. 

May deteriorate in presence of certain 
chemicals and in contact with heat. 

Poor low temperature handling properties. 

Poor puncture resistance. 

Poor tear strength. 
Susceptible to weathering and stress cracking. 

Limited range of tolerance for chemicals, 
oils and acids. 
Low recovery when subject to tensile stress. 

Low tensile strength. 
Poor resistance to aromatic hydrocarbons. 

Good resistance to ozone and ultraviolet light. 
Flexible and resilient. b 

Good weathering characteristics.! 
Good temperature flexibility. 
Good heat resistance. 
Resistant to mildew, mold, and fungus. 
Excellent resistance to water vapor 
transmission. 
Excellent resistance to water. 

Excellent resistance to ultraviolet light and 
ozone. 
High tolerance for temperature extremes. 
Good tensile and shear strength. 
Good resistance to puncture. 
Ages well in general, but some compounds 
will crack on ozone exposure. 

Poor resistance to aromatic hydrocarbons. 
Low peel and shear strength. 

Poor resistance to hydrocarbons particu- 

halogenated solvents. 

Poor scalability. 

1 larly petroleum solvents, aromatics, and 

Low 

Moderate 
to High 

Low 

Moderate 

Moderate 

Moderate 

Moderate 
to high 

I 
0 

I 



1 

0 
\ 

e 

t 

e 

Neoprene Excellent aging and weathering character- Not heat or solvent sealable. High 
istics. 
Overall good resistance to hydrocarbons, 
but shows some swell when exposed to  
aromatics and other cyclic hydrocarbons. 
Flexible and elastic over a wide range.of 
temperatures. 

Elasticized Poly- Resistant to ultraviolet light; does not Relatively untested. Moderate 
olefin require earth cover. 
(DuPont31'0) Good resistance to weathering and aging. 

Good resistance to ozone attack and soil 
microorganisms. 
Good resistance to hydrocarbons and will 
accomodate a broad range of solvents. 

Vunerable at low temperatures. 

NOTE i . Refm lo low densilypolvrhyime. High dmritypoiptiryiem is much ierr rvreeptibie to punclurp. lmrs. weo,hering aridrmrr rrockiug. I 

Table 2.33 

Chemical Compatibility of Membrane Liners with Hazardous Materials 

Lining Material 
Strong Strong Petroleum Halogenated Aromatic 
Acids Bases Products Solvents Solvents 

Polyvinyl chloride (PVC)] R R NR NR N R  

Chlorinated Polyethylene (CPE) R R NR N R N R  

Chlorosulfonated Polyethylene R R NR NR NR 
(CSPE or Hypalon) 

Ethylene Propylene Diene Monomer R R NR NR N R  
(EPOM) 

Neoprene R R R NR N R  

Butyl Rubber R R NR NR NR 

Oil Resistant Polyvinyl Chloride R NR R NR NR 
(ORPVC)] 

Polyethylene R R R R R 

NOTES: 1. Nor recommended Yliner is exposed IO rhe airnosphere due IO exireme suscepribiliiy IO ulrrovioler lighr and/or ozone 

R = recommended 

NR = not recommended 

Source: References 1.2 and 4 
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environments, but soil cements can resist moderate 
amounts of alkali, organic matter, and inorganic salts. 
One of the main deficiencies of soil cement as a liner 
material is its tendency to crack and shrink on drying. 
Severe cracking and detrioration may also result if the 
cement content of the mixture is too high. 

Design and Installation. The details for construc- 
tion, excavation base and wall preparation, and placing 
and curing of soil cement liners can be pbtained from 
documents such as reference 5, 8 and 9, and from con- 
sulting engineers in this field. Some of the consider- 
ations and procedures are highlighted in Table 2.3-5. 

Table 2.3-5 

Highlights of Soil Cement Design and Installat/on 

Preparation of the base and walls is extremely 
important. The base and wall should be prop- 
erly finished, and well moistened before plac- 
ing the concrete to prevent the liner from dry- 
ing too quickly. 

- Concrete mixes should be plastic enough to 
consolidate well, but not stiff enough to slip on 
side slopes. 

Proper curing of the liner is important. , 

I 

2. Bentonites [8,10] 

0 Chemical and Physical Characteristics. Bento- 
nites are naturally occumng inorganic swelling clays 
which are typically chemically treated, and are marketed 
under various trade names. Mixtures of soil and chemi- 
cally treated bentonites may be used to line excavations 
for underground tanks and contain spills. When the ben- 
tonite is mixed with a sandy soil and saturated with 
water, the granular bentonite particles in the soil swell 
to fill the voids with a tough leather - like mastic, 
thereby forming an impermeable barrier. Bentonite can 
swell up to 15 times its dry bulk volume when used in 
such a manner. Untreated bentonites are generally not 
as effective when used as soil sealants and are more 
susceptible to degradation, particularly if the water used 
to wet the material during installation contains a high 
concentration of dissolved salts (i.e., hard water), acids, 
or alkalis. Bentonites are also subject to destabilization 
when exposed to some organic solvents. 

Design and Installation Requirements. Before in- 
stalling a bentonite liner, it is necessary to first drain 
and stabilize the excavation. The mixture of soil and 
bentonite is then used to line the bottom of the excava- 
tion. The mixture is typically wetted to saturation, and 
compacted using a wobble wheel or steel wheel roller 
181. The tank is then installed in accordance with New 
York State standards and guidelines and/or the manufac- 
turer's recommendations, and the excavation is backfil- 
led with more clay/soil mixture. When preparing the 
mixture, the manufacturer's recommendations should be 

I 

I Figure 2.3-1 
Synthetic Liner Installation for Storage of Lighter-Than-Water 
Liquids in Area of High Groundwater 
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Figure 2.3-2 

Synthetic Liner Installation for Storage of Heavier-Than-Water 
Liquids in Area of High Groundwater 

,--Grade 

Groundwater 
To ble 

Synthetic 
Liner 

followed as to the percent of the clay and soil, the 
amount and quality of water used for wetting, and the 
degree of compaction required. The mixture varies, but 
usually consists of one part bentonite and three parts 
clean uncontaminated soil. 

E. CONCRETE VAULTS 

Concrete vaults are secondary enclosures consisting 
of concrete walls and a concrete bottom slab upon 
which the tank is fastened. The vault system may in- 
clude a cover. 

The vaults may contain one, or more than a dozen 
tanks. Some vaults have an open interior so that tanks 
can be physically inspected while others are filled with 
a bedding of sand which provides structural support for 
the tanks. When the vaults are of open design, the inter- 
ior tanks are supported structurally on cradles. Unusally 
the vault contains a sloped floor and a sump installed 
with a monitoring probe and a product recovery pump. 

Concrete by itself is not an effective liquid barrier, 
Leaks through concrete occur in the vapor phase. Con- 
crete will pass vapors of many chemicals after only a 
few days of exposure. 

Coatings to make concrete impermeable are effec- 
tive but there is no universal concrete coating for all 
chemicals, weather, and moisture conditions. Coatings 
will peel, crack or wear (in traffic areas) over time:In 

areas of wear, successive layers of coatings are color- 
coded, to show wear patterns. 

A common practice is to put a vapor barrier around 
the outside of the vault. Concrete vaults must be care- 
fully designed and constructed; otherwise joints muy 
leak or the walls and floor may crack when exposed to 
freeze-thaw cycles for extended periods or if settling of 
the tanks occurs. Concrete vaults are mandatory in New 
York City for the underground storage of gasoline and 
other fuels. 

F. DOUBLE-WALLED TANKS 

Spill containment may also be provided with dou- 
ble-walled tanks. These tanks are essentially a tank 
within a tank and are described in Part 11, Chapter I of 
this report. 
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Part I1 
CHAPTER 4: 

TRANSFER SPILL 
AND OVERFILL PREVENTION 

SYSTEMS FOR UNDERGROUND 
STORAGE TANKS 

A. INTRODUCTION 

Spills can occur at underground storage tank facili- 
ties because of tank overfilling and drainage from prod- 
uct transfer hoses. For example: 

OIt is common practice to unload products from ve- 
hicles into underground storage tanks without au- 
tomatic means to prevent overfilling tanks. With- 
out such protection, underground tanks can be 
overfilled with product which will jisethrough the 
vent lines until it attains a level equal to the prod- 
uct level inside the tank truck being unloaded. 

eIt is common practice to use quick disconnection 
couplings on the ends of discharge hoses rather 
than dry-break couplings which are heavier and 
more difficult to maneuver. With quick disconnect 
couplings, product remaining in the discharge 
hose is frequently spilled near the tank area. Be- 
side the obvious dangers which can result from 
sloppy practices, the daily small spills seeping 
into the ground near the tank areas can accumulate 
into sizeable and hazardous volumes over a period 
of time. 

To avoid situations such as these, it is good prac- 
tice to equip underground tanks with overfill prevention 
systems and to equip transfer hoses with an automatic 
shut-off device which prevents bdckflow when the hose 
is disconnected. Adherence to good operating practices 
is also a prerequisite. 

An ideal underground tank overfill prevention sys- 
tem would include the following basic elements: (I) a 
level sensing device that monitors and indicates the liq- 
uid level in the tank; (2) an alarm to alert the operator 
of an impending overfill condition; and (3) an automatic 
shut-off device that stops the flow of product when the 

spills from transfer hoses can be prevented by 
using couplings equipped with spring loaded shut-off 
valves which stop flow automatically when the hose is 
disconnected and by using dry-disconnect couplings, 
Emergency shut-off valves may also be used to stop 
product flow, such as in the case of fire, 

Devices for overfill and spill prevention add to the 
system cost, however. Underground tanks are not nor- 
mally equipped with overfill prevention devices. Truck 
fleets generally are not equipped with dry disconnect 
couplings and there is some argument as to the reliabil- 

tank is full. 

ity of such equipment on trucks. 
The following text summarizes overfill and transfer 

spill prevention methods for underground storage sys- 
tems. 

It should be emphasized that the methods described 
are far more prevalent with aboveground systems 
(where a spill or overfill would be highly visible) than 
with underground systems. The evolving awareness of 
hazardous condjtions, that result from loss of product 
from an underground system and the financial accounta- 
bility for site cleanup are changing the picture. The day 
of the deliveryman relying on a calibrated stick to deter- 
mine available capacity in a buried tank may bepas-  
sing. 

B. OVERFILL PREVENTION SYSTEMS 
FORUNDERGROUND 

STORAGE TANKS 

1. Elements of an Overfill Prevention System. 

Overfill profection is accomplished by measuring . 
and controlling the level of liquid in a tank. A partial 
system may include only a gauge which indicates liquid 
height in the tank. A sophisticated system could include 
automatic flow control system and a backing audible 
high level alarm to warn the operator of emergency con- 
ditions. 

The elements of a complete overfill prevention sys- 
tem are highlighted in table 2.4-1. These include the 
following: 

Wensors, which detect the level of liquid in the 
tank and indicate the liquid level through gauges 
or other types of indicators. 

OHigh level alarms, which are activated to warn the 
operator of an impending overfill condition. 

QAutomatic shut-off devices of systems which pre- 
vent overfilling from occuring. 

Table 2.4-1 

Elements of a Good Overfill 
Prevention System 

- Level sensing device 
- Level indicating device. 
- High level alarm. 
- Automatic shut-off control system. 
- Interlocking of the unloading process and the 

overfill prevention system so that loading cannot 
take place if the overfill prevention system is in- 
operative. 

. Bypass prevention so that the overfill prevention 
system cannot be overridden by the operator. 

82 



It may be desirable to interlock the unloading pro- 
cess with the overfill prevention system so that,loading 
cannot take place unless the overfill prevention system 
is operative. A bypass prevention feature should also be 
included so that the overfill prevention system cannot be 
overridden by the operator. 

Level Sensing Devices and Indicators. There are 
a variety of level sensing devices that have been mar- 
keted for detecting liquid levels in bulk storage tanks. 
These devices generally sense liquid charac:eristics, 
such as capacitance or thermal condxtivity, or, operate 
on such common principles as buoyancy, differential 
pressure, and hydrostatic head. Devices which operate 
based on these common priniciples are generally inde- 
pendent of product flow rate, pressure and temperature 

Indicators for underground tanks are typically re- 
motely mounted (e.g., in a control room), although 
above-the-tank gauges may be employed in some cases. 
The devices are typically gauges, although more sophis- 
ticated electronic devices may be used in some overfill 

High Level Alarms. Overfill alarms may be visual 
or audible instruments which are remotely mounted. 
Audible alarms may be the preferred type of alarm be- 
cause they do not require visual monitoring. However, 
when several tanks are being monitored in the same 
control room, individual warning lights are generally 
provided for each tank. Ideally, an audible alarm would 
also be included in such systems to alert the operator 
that one of the tanks is overfilling. 

Automatic Shut-off Controls. Automatic shut-off 
control systems interface with level sensing devices to: 
(1) prevent tank overfilling by shutting off the tank 
loading pump at a preset high level; (2) prevent damage 
to the tank unloading pump by shutting it off at low 
level; (3) operate various flow valves to control product 
flow. These control systems receive a signal from the 
level sensing device which is transmitted electrically or 
pneumatically to the control system. Pneumatic, devices 
require a regulated supply of clean and dry instrument 
air, generally at 20 pounds per square inch (psi). Elec- 
tric (or electronic) devices generally require 115V line 
voltage. Table 2.4-2 shows the characteristics of 
pneumatic and electronic controls. 

~ 3 1 .  

prevention systems. i 

2. Specific Level Sensing Devices. I 

The types of level sensing devices:available for liq- 
uid level detecting in bulk storage tanks can he classi- 
fied as follows: I 

omoat-actuated devices 
.Displaced devices 
.Hydrostatic head sensors 
.Capacitance sensors 
.Ultrasonic devices 
.Optical devices 
.Thermal conductivity sensors 

Floated activated, capacitance, ultrasonic. optical. 
and thermal conductivity sensors can be readily used in 
underground tanks. Their applications are summarized 
in Table 2.4-3 and discussed below. The other types of 
sensors are used in aboveground storage systems and 
are discussed in Part 11, Chapter 4 of this report. 

Float-Actuated Devices. Float-actuated devices are 
characterized by a buoyant member which floats at the 

classified on the basis of the method used to couple the 
float motion to the indicating system. Examples of clas- 
sifications include tape float guages and float vent 
valves. 

A simple tape float gauge designed for use in un- 
derground gasoline tanks is shown in Figure 2.4-1. The 
device provides a local (above the tank) readout of both 
gasoline and water levels while prohibiting vapor loss. 

Float vent valves are simple, inexpensive devices 
that are used to prevent overfilling of underground fuel 
tanks. These devices, which are shown in Figure 2.4-2, 
are installed in the tank’s vent line. The float closes the 
vent line when high liquid level is attained, thus block- 
ing the escape of air. This action causes the pressures 
inside the storage tank to equalize with the discharge 
head in the tank truck, thereby interrupting the flow of 
liquid. 

0 
I 

surface of the liquid. Float-actuated devices may be I 
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Table 2.4-2 

Characteristics of Pneumatic and Electronic Controls 

Feature Pneumatic Electronic 

Transmission distance 

Standard transmission signal 
Compatibility between 
instruments supplied by 
different manufacturers 
Control valve compatibility 

Compatibility with digital 
computer or data logger 

Reliability 

Reaction to very low 
(freezing) temperatures 
Reaction to electrical 
interference (pickup) 
Operation in hazardous 
locations (explosive 
atmosphere) 
Reaction to sudden failure 
of energy supply 

Ease and cost of installation 
System compatibility 

lnsuument costs 

Easc and cost of maintenance 

Dynamic response 

Operation in corrosive 
atmosphere 

Performance of overall 
control systems 
Politics (the unmentioned 
factor that frequently 
POPS UP) 

Source: Rclcrenec 2 

Limited to few hundred feet 

3-15 psi practically universal 
No difficulty 

Controller output operates 
control valve operator 

Pneumatic-to&ctric 
converters required for all 
inputs 
Superior if energized with 
clean dry air 
Inferior unless air supply is 
completely dry 
No reaction possible 

Completely safe 

Snperior-capacity of system 
provides safety margin- 
backup inexpensive 
Inferior 
Fair-requires considerable 
auxilary equipment 

Lower if installation costs 
are not considered 

Fair; procedures more 
readily mastered by 
people with minimim of training 
Slower but adequate for 
most situations 
Superior-air supply becomes 
a purge for most instru- 
ments 
Excellent, if transmission 
distances are reasonable 
Generally regarded as 
acceptable but not the 
latest thing 

Practically unlimited 

Varies with manufacturer 
Nonstandard signals require special 
consideration and may not be 
cbmpatible 
Pneumatic operators with 
electropneumatic converters or  
electrohydraulic or electric motor 
operator required 
Easily arranged with minimum added 
equipment 

Excellent under usual environmental 
conditions 
Superior 

No reaction with the system if 
properly installed 
Intrinsically safe equipment availble 
equipment must be removed for 
most maintenance 
Inferior-electrical failure may disrupt 
plant-backup expensive 

Superior 
Goodsonditioning and auxilary 
equipment more compatible to 
systems approach 
Higher-becomes competitive 
when total including installation 
is considered 
Good-depends upon capability 
of personnel 

Excellent-frequently valve becomes 
limiting factor 
Inferior, unless special consideration 
is given and suitable steps taken 

Excellent-no restriction on 
transmission distance 
Often regarded as the latest and most 
modern approach 

. 
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Table 2.4-3 

Level Detection Devices for Underground 
Storage Tanks 

; 
I 

TvDe 

Monitor: Alarm and 
:Liquid Level Shutoff 
Level Indication ResDonse r l l  

Float Actuated Devices 
Tape float gauges Yes Gauge 

Float vent valves 

Capacitance devices 

No None 

Yes Gauge 

Thermal conductivity Yes Gauge 
devices 

Ultrasonic devices Yes Gauge 

Optical devices Yes I Gauge 

Interfaces with electronic 
or pneumatic controls. 

Automatic Shut-off. 

Audible alarm and 
automatic shutoff elec- 
tronic controls: 

Audible alarm and 
automatic shutoff elec- 
tronic controls. 

Audible alarm and 
automatic shutoff elec- 
tronic controls. 

Audible alarm and 
automatic shutoff elec- 
tronic controls. 

The device also includes a pressure build-up relief 
bleed hole. Once flow from the tank tmck has ceased 
due to pressure equalization, the storage tank fill line 
can be disconnected. Then, as vapor escapes through 
the float vent valve bleed hole, the liquid remaining in 
the fill line can drain into the tank. If dry disconnection 
couples are used, the liquid will be held in the transfer 
line until this draining can occur, thus :preventing any 
spillage of product. 

This device was developed as part of the Vapor 
Recovery Stage I system. Its purpose is to prevent prod- 
uct spillover into the vapor manifold, which might re- 
sult in lead contamination of an unleaded gasoline 
grade. Its use as overfill protection hasmerit, but it is 
not used for that purpose generally. 

The float vent valve must be installed in i n  "ex- 
tractable tee" connection which permits removal of the 
float valve for tank testing. The Kent-Moore (Heath 
Petro-Tite Tank Tightness) Test cannot be run with the 
valve in place. 

Float-actuated devices are made of a variety of ma- 
terials, including aluminum, stainless steel and coated 
steel, depending upon the application /IO]. They may 
be used in conjunction with pneumatic or electronic de- 
vices to operate valves, pumps, remote .alarms or auto- 
matic shut-off systems. 8 

Capacitance Sensors [7]. Devices that operate 
based on the electrical conductivity of fluids may be 
used to monitor liquid level. A typical device consists 
of a rod electrode positioned vertically in a vessel, the 
other electrode usually being the metallic tank wall. The 
electrical capacitance between the electrodes is a meas- 
ure of the height of the interface along the rod elec- 
trode. The rod is usually electrically insulated from the 
liquid in the tank by a coating of plastic. 

Capacitance devices are suitable for use with a 
wide range of liquids, including the following: petro- 
leum products, such as gasoline, diesel fuel, jet fuel and 
no. 6 fuel oil; acids; alkalis; solvents: and other hazard- 
ous liquids. They may be used in conjunction with elec- 
tronic controls to operate pumps, valves, alarms or 
other external control systems. 

Thermal Conductivity Sensor [ I  8,191. Devices 
which operate on the principle of thermal conductivity 
of fluids may be used to monitor liquid level. A typical 
device consists of two temperature-sensitive probes con- 
nected in a Wheatstone bridge (a type of electrical cir- 
cuit configuration). When the probes are in air or gas, 
a maximum temperature differential exists between the 
active and reference sensors, which results in a great 
imbalance in the bridge circuit and -a correspondingly 
high bridge voltage. When the probes are submerged in 
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Figure 2.4-1 

Tape Float Gauge for 
Underground Storage Tank 

Pulley Acetal 
Tape: steel with epoxy pain1 
OPW 114-SW 
Similar lo OPW 114-DW above. except it  indi. 
cates product level only. 

Source: OPW DivisionlDover Corp 

a liquid, the temperature between the sensors is 
equalized and the bridge is brought more nearly into 
balance. The probes may be installed through the side 
wall of a tank or pipe, or assembled together on a self- 
supporting mounting and suspended through a top con- 
nection on the tank. 

Thermal conductivity devices may be used to con- 
trol level with great accuracy. They may be used with 

any liquid regardless of viscosity or density. They may 
also be used with immiscible liquids and slurries and in 
conjunction with electronic controls to operate pumps, 
valves, alarms or other external control systems. 

Ultrasonic Sensors [16,17]. Devices which operate 
on the principle of sonic-wave propagation in fluids also 
may be used to monitor liquid level. These devices use 
a piezoelectric transmitter and receiver, separated by a 
short gap. When the gap is filled with liquid, ultrasonic 
energy is transmitted across the gap to a receiving ele- 
ment thereby indicating the liquid level. These devices 
may be used in conjuction with electronic controls to 
operate pumps, valves, alarms or other external control 
systems. 

Another sonic technique used for level measure- 
ment is a sonar device. A pulsed sound wave, generated 
by a transmitting element, is reflected from the interface 
between the liquid and the vapor-gas mixture and re- 
turned to the receiver element. The level is measured in 
terms of the time required for the sound pulse to travel 
from the transmitter to the vapor/liquid interface and re- 
turn. 

Optical Sensor 191. Devices which operate on the 
principle of light beam refraction in fluids may be used 
to monitor liquid level. An optical liquid level monitor- 
ing system consists of a sensor and an electronic control 
device. A specific electronic signal is generated and 
aimed at the tank mounted sensors. The sensors convert 
the electronic signal to a light pulse. This light pulse is 
transmitted into the tank by fiber optics, through a 
prism and out again via fiber optics. The light pulse is 
then converted to a specific electronic signal to indicate 
the liquid level. A distinct advantage of this type of sys- 
tem is that it is self-checking. Any interruption will 
sound the alarm, so if equipment is damaged or mal- 
functions the operator is alerted. 

Figures 2.43 and 2.44 show typical applications of 
the optical liquid level sensing system for a tank buck 
and a bulk storage tank respectively. The sensor detects 
the level of liquid in the tank and sends a signal to the 
controller device ( i s .  control monitor) which in turn ac- 
tivates the shut-off valve or the level alarm. 

C. TRANSFER SPILL PREVENTION SYSTEMS 

Spill prevention during transfer operations can be 
accomplished by using couplings equipped with spring 
loaded valves which automatically block flow when the 
hoses are disconnected. These include quick-disconnect 
couplings equipped with ball valves and dry-disconnect 
couplings. Emergency shut-off valves may also be pro- 
vided in the product transfer line to stop flow in case 
of fire. Applications of these spill prevention devices 
are summarized in Table 2.4-4 and discussed below. 
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Figure 2.4-2 

Float Vent Valves Used 
For Overfill Prevention 

OPW 51.FC 

pressure and the chemical properties of the material 
conveyed. The higher the temperature and/or pressure, 
the more securely the coupling must be attached. Also, 
the material being conveyed must not damage the cou- 
pling. The factor which determines the amount of pres- 
sure a coupling will withstand is generally the strength 
of the hose-coupling connection. If correctly applied 
(and at moderate working temperatures) bolt climps will 
handle low pressure, bands will take low to medium 
pressures, and interlocking clamps and swaged or 
crimped ferrules will handle high pressures. 

As mentioned earlier in this chapter, quick-discon- 
nect couplings are commonly used because they are 
generally lighter and easier to handle than other types 
of couplings. However, precautions must be taken to 
prevent spill or loss of the product remaining in the 
transfer lines when these types of couplings are used. 
Quick-disconnect couplings equipped with ball valves 
and drydisconnect couplings are used to minimize spills 
when the hoses are disconnected. Dry-disconnect cou- 
plings are the best type of coupling available in terms 
of product spill control. They are equipped with a 
spring loaded valve which is normally closed until the 
coupling is attached and the valve is manually opened 
with a lever. Figure 2.4-5 demonstrates the difference 
between the types of couplings. 

Another good product transfer practice is the selec- 
tive use of couplings and adapters to preclude the mix- 
ing of incompatible liquids. By carefully selecting cou- 
plings and adapters that are only compatible with each 
other, one can prevent undesired mixing of products. 

Imbiber beads are useful for soaking up small 
spills, for example in the fill box. These beads absorb 
hydrocarbons and swell to many times their original 
size, but do not absorb water, 

0 

Source: OPW Division/Dover Corp. 
D. OPERATING PRACI'ICES 

FOR OVERFILL PROIECTION 
1. Check Valves 

I 

Check valves are commonly used in the discharge 
piping of a pump or the fill line of a tank to prevent 
reversal of flow. Check valves are available in three 
basic designs: (1) swing check valves; (2) lift check 
valves; and tilting-disk check valves. They are available 
in a wide wariety of sizes and materials of construction 
to suit most applications. A more complete description 
of these devices can be found in Part 11, Chapter 2 of 
this report. 

I 

I 2. Couplings 

The use of tight couplings is essential to prevent 
spills when transferring hazardous products from one 
storage tank to another. Many types of couplings are 
available and their selection depends on temperature, 

Certain operating practices specified in Publication 
385 of the National Fire Protection Association may be 
used to prevent overfilling of tanks [14]. Practices that 
are applicable to the transfer of any hazardous liquid in- 
clude the following: 

oLoading and unloading of tank vehicles shall be 
done in approved locations. 

QThe driver, operator, or attendant of any tank ve- 
hicle shall not remain in the vehicle and shall not 
leave the vehicle unattended during the loading or 
unloading process. The delivery hose, when at- 
tached to a tank vehicle, shall be considered to be 
a part of the tank vehicle. Some companies prefer 
to have their own trained personnel conduct all 
unloading operations so as to minimize the poten- 
tial for human error. Whoever aoes the unloading 
must be cognizant of the potential problems and 
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Figure 2.4-3 

Optical Liquid Level Sensing System 
For Tank Truck 

L COILEDCASLE 

Source: OPW Division/Dover COT. 

Figure 2.4-4 
Optical Liquid Level Sensing System 
For Bulk Storage System 

CONOUlT RUN N P I W  

I 
1 

Source: OPW Division/Dover COIF. 

Table 2.4-4 

Tranfer Spill Prevention Systems 

Spill 
Svstem Function Control Applications 

Ordinary quick-disconnect Product None 
coupling transfer 

Tank vehicles and storage 
tanks. 

Quick-disconnect coupling Product Built-in valve reduces Tank vehicles and storage 
equipped with ball valve transfer spills from disconnect tanks. 

hoses. 

Dry-disconnect coupling Product No spills from Tank vehicles and 
transfer disconnected hoses. storage tanks. 

Emergency shut-off Flow A fusible metal link melts For use any place that, in 
valves control and closes the valve in the event of fire, it is impor- 

case of fire or impact. tant to stop flow. 
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dangers (overfilling, leaks, vapor or liquid explo- 
sions, fire, etc.), and must remain alert at all 
times. Human error is a major cause of transfer 
spill incidents, and in most instances spills could 
be avoided through proper personnel training and 
alert observation of all operations. 

.When transferring Class I (flammable) liquids, 
motors of tank vehicles or motors of auxiliary or 
portable pumps shall be shut off during making 
and breaking hose connections. If loading or un- 
loading is done without requiring the use of the 
motor of the tank vehicle, the motor shall be shut- 
off throughout the transfer operation of the liquid. 
These precautions should be taken to minimize the 
possibility of fire or explosion. 

QNo cargo tank (or compartment) containing vol- 
atile, flammable or combustible liquid may be 
fully loaded. Sufficient space (outage) must be 
provided to prevent leakage due to thermal expan- 
sion of the liquid transported. One percent is the 
minimum outage required. 

Please refer to NFPA-385 for more information on 
loading and unloading practices [14]. 

Other precautions which may be taken to prevent 
overfills and spills include the following: 

QThe use of labels, markings or color codes on 
hoses and special couplings that can be used only 
for transfemng product to prevent accidental mix- 
ing of incompatible materials. 

.Periodic inspection of hoses for leaks. 

.Ensuring that the operator of any loading/unload- 
ing operation is properly trained apd is aware of 
all potential problems. As stated earlier, a high 
percentage of transfer spills are caused by human 
error. 

Figure 2.4-5 

Types of Couplings 

1. QUICK D I S C O W K T  PLUS BALL VALVE 

3. DRY DISCONHECI 

Source: OPW Division/Dover Corp. 
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Part I1 
CHAPTER 5: 

LEAK AND SPILL 
MONITORING FOR 

UNDERGROUND STORAGE 

A. INTRODUCTION 

Before any extensive discussion begins, a distinc- 
tion must be made between system monitoring'and sys- 
tem testing. Monitoring means either: 

a) Early warning leak detection systems that pro- 
vide continuous surveillance for ,leaks and spills. 

b) Area-wide surveillance methods that may be 
used to investigate or pinpoint the source of a 
spill or leak. 

Testing refers to special equipment and methods 
that are not part of normal operations. System testing is 
used to determine whether a tank or pipe system is leak- 
ing at a particular time. (Chap. 11-6 discusses testing at 
length). Table 2.5-1 compares the various 1eak;monitor- 
ing systems. 

B. EARLY WARNING 
LEAK DETECTION SYSTEMS 

Early warning leak detection systems typically pro- 
vide continuous surveillance for the presence of a leak 
or spill. The types of early warning monitoring systems 
most widely used are the following: 

.Inventory monitoring (also called inventory con- 

Qlnterstitial monitors in double-walled tanks. 
.Systems that monitor the storage tank excavation. 

These types of systems include ,observation wells. 
U-tubes, and wire grids. The types of leak sensors 
used include: 
* thermal conductivity sensors; - electric resistance sensors: and, 
* gas detectors. I 

L tal). 

1. Inventory Control 

Early detection of leaks may be achieved by proper 
product accounting ( i s . ,  recordkeeping), regular inspec- 
tions of the visible parts of the product handling system, 
and prompt recognition of the conditions th'at indicate 
leaks in underground tanks and piping. Inventory moni- 
toring is a technique that is widely applicable to any 
stored or transported product. 

Evidence of leakage from buried tanks and 
pipelines can be gathered from inventory control records 
and from abnormal operation of pumping equipment. 
The following are some of the more obvious symptoms 
of such leaks: 

OLoss of product in a tank during periods when 
product is not dispensed usually indicates a leak- 
ing tank, but might also indicate faulty accounting 
or metering of the product, theft, or extreme tem- 
perature change. 

@An unaccountable increase in water in an under- 
ground tank may be caused by a leak in the tank 
if the ground surrounding it is saturated. Under 
such circumstances, water may leak into the tank 
instead of product leaking out. The increase in 
water may also be caused by a leaking gauge or 
fill cap, and these should be examined and made 
watertight, if necessary, before concluding that the 
tank is at fault. 

Qlncreasing differences between the amount of 
product received and dispensed may indicate a 
meter calibration problem, theft, or a leak in tanks 
or piping. 

QWhere fill boxes are located remotely from the 
tanks, large differences appearing consistently be- 
tween the amounts invoiced and the tank gauges 
after deliveries may indicate a leak in the remote 
fill line. In such event, the line should be tested. 

oA hesitation in the delivery from a standard dis- 
pensing pump may indicate a leak in the suction 
piping, although such hesitation may also be 
caused by a leaking foot valve or, in warm wea- 
ther, by vaporlock. Should this occur, the inven- 
tory control records may indicate whether the 
cause is mechanical or whether product is actually 
being lost. 

QIu a remote pumping system, meter spin without 
product delivery may indicate a leaking pipe. 

cGasoline odor in spaces below ground adjacent to 
the tank may be evidence of underground leaks, 
whether in the tank or piping. However, such 
odors may also be evidence of underground leaks, 
whether in the tank or piping. However, such 
odors may also be evidence of product spills dur- 
ing product delivery and tank filling. 

Should the operator observe any of the foregoing 
symptoms, he should immediately notify those responsi- 
ble for maintaining the equipment. He should not at- 
tempt to correct the condition himself, as the operation 
may involve some hazard and may require special 
equipment. Furthermore, in some locations, only spe- 
cially licensed mechanics can work on storage equip- 
ment. 



Table 25-1 

Comparison of Various Leak Monitoring Techniques 

Substances Relative 
Approach Description Applications Detected Cost Advantages/Disadvantages 

Inventory 
Control 

rhermal 
iconductivity 
pensors 

Electric 
Resistivity 
Sensors 

Gas Detectors 

Sampling 

Interstitial 
Monitoring 
in Double- 
Walled Tanks 

A system based on product 
recordkeeping, regular inspcc- 
lions, and recognition of the 
conditions which indicate 
leaks. 

Uses a probe that detects the 
presence of stored product by 
measuring thermal 
conductivity. 

Consists of one or B series of 
Sensor cables that deteriorate 
in the presence of the stored 
product, thereby indicating a 
leak. 
Used to monitor the presence 
of hazardous gases in vapors 
in the soil. 

Grabbing soil or water 
samples from area for 
analysis, 

Monitors pressure level or 
vacuum in space between 
walls o f a  double-walled tank. 

Any storage 
tanks and buried 
pipelines. 

Can monitor 
groundwater or 
normally dry 
arcas. 

Can monitor 
groundwater or 
normally dry 
areas. 

Areas of highly 
permeable, dry 
soil, such as ex- 
cavation backfill 
or other per- 
meable soils. 
above ground- 
water table. 
Universal: pri- 
marily used to 
collect ground- 
water samdes. as 

Any product 
stored or 
transported. 

Any liquid. 

Any liquid. 

Highly vol- 
atile liquids, 
such as 
gasoline. 

Any 
substance 

would be {he case 
with tanks stored 
in high ground- 
water area. 
Double-walled Prcssurc 
tanks. sensors 

monitor tank 
integrity and 
arc appii- 
cablc with 
any stored 
liquid. Fluid 
sensors mon- 
itor presence 
ofany liquid 
in a normally 
dry area. and 
are also 
applicable 
with any 
stCEd liquid. 

Low The technique is widely appii- 
cable to any product stored or 
transported in pipelines. How- 
ever, it requires good bookkeep- 
ing, and will not detect small 
leaks. 

detection which makes it possible 
for leaks and spills to be cor- 
rected before large volumes of 
material are discharged. Typical- 
ly requires % inch of product on 
groundwater to guarantee detec- 
tion ofproductjwater interface 
in wet (groundwater) 
applications [16]. 

Medium Primary advantage is the early 
detection of spills. Once a leak 
or spill is detected. the sensors 
must be replaced. Can detect 
small as well as large leaks. 

Medium Once the contaminant is present 
and detected, gas detectors are 
no longer of use until contamin- 
ation has been cleaned up. 

Medium Primary advantage is early 

High Highly accurate intermittent 
evaluation tool. However, does 
not provide continuous 
monitoring. 

High Accurate technique which is 
applicable with any double- 
walled tanks. 

92 



Table 2.5-1 anl lnutd 

Groundwater 
Monitoring 
Wells contamination in ground- 
(WCt wells) water tables, 

Wet wells are used to detect 
and determine the extent of 

Vapor (sniff) 
Wells 

Vapor wells are used to detect 
and monitor the presence of 
hazardous gases and vapors 
in the soil. 

Dyes and 
Tracers 

Substances with a characlcris- 
tic color or other characteris- 
tics (e+. radioactive tracers) 
that can be used to trace the 
origin o f a  spill. 

Area-wide or Any harard- 
local monitoring ous liquids 
for groundwater which can 
contamination be detected 
from under- by on-site in- 
ground storage struments or 
tanks and pipe- laboratory 
lines. May be analysis. 
used for periodic 
sampling or may 
employ one of the 
sensors described 
above to detect 
leal(s or spills. 
Area-wide or Many dif- 
local monitoring ferent com- 
of the soil sur- bustible and 
rounding under- non-combus- 
ground storage tible gases 
tanks and pipe- and vapors. 
linei. 

Area-wide mon- Dye itself 
itoring of under- is detected 
ground tanks and visually or 
buried pipelines. with the use 

ofinstru- 
ments. 

Medium The type, number and location 
to High of wet wells depends upon the 

site’s hydrogeology, the direction 
of groundwater flow and the 
type of spill containment and 
spill collection systems used. 

Low The type, number and location 
of vapor wells depends upon the 
extent of the spill, the volatility 
of the product, and the soil 
characteristics. Vapor wells are 
subject to contamination from 
surface spills and cannot be used 
at contaminated sites. 
Dye or tracer could be low in 

Medium cost, but the lime required to 
perform a study could be great. 
Also may require the drilling of 
observation wells lo trace the dye 
or other material. Radioactive 
tracers require a license and ap- 
proval from the Nuclear Regula- 
tory Commission or the US. 
Department of Labor. There- 
fore, they are generally 
discouraged. 

Low 

e 

93 



There are a number of factors that limit the accu- 
racy of inventory control as a leak detection method. 
These include the following: 

@Product thermal expansion. Fluctuations in tem- 
perature can lead to expansion, contraction, evap- 
oration andlor condensation of the stored product, 
thereby affecting inventory monitoring results. 
The relationship between temperature and storage 
volume is addressed in Part I of this report. 

.Errors associated with faulty reading of dip stick 
measurements. 

eErrors associated with resolution in meter read- 
ings. All meters have an associated level of error, 
typically on the order of 0.5% of the level of re- 
solution of the meter. 

Given these limitations in accuracy, even a care- 
fully conductd inventory monitoring program can only 
detect leaks that are an appreciable fraction (typically 
0.75%) of the stored volume. It should be emphasized 
that inventory control, conscientiously followed, is the 
first defense against leaks. Measuring the liquid level, 
(and the water level with a water finding paste) twice 
a day and comparing these levels with product de- 
liveries and sales will indicate trends of product loss or 
water gain in a short time. Major oil companies require 
inventory records. Any unreported losses become the re- 
sponsibility of the operator and reports of consistent 
product losses are followed by testing the suspected 
tank for leaks . 

! 

2. Interstitial Monitoring in 
Double-Walled Tanks 

An early warning monitoring technique characteris- 
tic of double-walled tanks involves monitoring the space 
hetwen the inner and outer walls of the tank, using 
either fluid sensors or pressure sensors. Pressure sensors 
would be used to monitor tanks that either have a vac- 
uum drawn in the space between walls, or have that 
space pressurized. Failure of either the inner or outer 
wall is detected by loss of vacuum or pressure. Fluid 
sensors, on the other hand, would be located between 
the tank walls to detect the presence of a liquid due to 
failure of the inner wall (detecting stored product) or the 
outer wall (detecting water). (These systems may be ap- 
plied at atmospheric pressures to vaulted tanks.) 

3. Tank Excavation 
Monitoring Sensors 

Tank excavation monitoring systems are aimed at 
detecting a spill or leak before the contamination 
spreads beyond the tank excavation or its immediate 
surroundings. The leak or spill sensing mechanisms that 
may be used in tank excavation monitoring systems in- 
clude thermal conductivity sensors, electrical resistivity 
sensors, gas detectors and sample analysis. 

Thermal Conductivity Sensors [I .2]. Thermal 
conductivity sensors detect changes in the thermal con- 
ductivity of their surrounding environment to determine 
if a leak or spill has occurred. These types of sensors 
can be used in wet or dry applications (Le. areas of 
either low or high groundwater), and are particularly ap- 
plicable for the detection of hydrocarbons such as 
gasoline, gasohol, fuel oils, alcohols, and 
trichloroethylene. 

A system using a thermal conductivity sensor typi- 
cally consists of an electronic control device that is con- 
nected by cable to a thermal conductivity probe. The 
probe is fitteawith a sensor that determines if the moni- 
tored area is dry, wet with water, or wet with some 
other substance. The control device may be located up 
to 1 ,ooO feet from the probe and can continuously indi- 
cate the site condition through indicator lights. A non- 
water liquid presence may also be indicated by an audi- 
ble alarm, and recorded using a chart recorder. A relay 
contact that can activate external alarms, recovery 
pumps or other automatic controls can also be provided. 

Figure 2.5-1 shows examples of thermal conductiv- 
ity sensors installed in a diked area, a dry well or sump, 
and a wet well (in the groundwater table). When used 
to monitor a groundwater table, one sensor located in 
a monitoring well will only indicate the presence of 
contamination but not the extent of it. By using several 
sensors located at various levels the thickness of the 
contaminant layer may be ascertained. 

Electrical Resistivity Sensors [3]. Systems em- 
ploying this leak detection technique rely on the change 
in resistance in a wire due to exposure to the stored 
product to indicate the presence of leak or spill. The 
key to systems of this type is the use of wires or wire 
coatings that are highly susceptible to degradation when 
exposed to stored product. For example, bare steel 
wires may be used in acid storage areas or bare 
aluminum wires may be used in areas storing caustics. 
Correspondently, if the stored liquid is not corrosive to 
metals, the wires must be coated with a degradable ma- 
terial, such as rubber coatings in areas storing aromatic 
solvents. The wires in turn are connected to an electri- 
cal sensing device that passes a current through them to 
evaluate their electrical properties. Any degradation 
of the wire or its coating will result in a significant 
change in the circuit resistivity, thus indicating the exis- 
tance of a product leak or spill. 

Electrical resistivity sensors are applicable for 
either dry or wet (in groundwater) applications. Am- 
bient temperature and soil moisture should have mini- 
mal effects on sensors of this type, particularly in appli- 
cations involving coated wires. The drawbacks of these 
types of leak detection devices include the following: 
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Figure 2.5-1 

Typical Applications of a Leak Monitoring 
System Based on Thermal Conductivity 

I 

I 

Source: Reference 1 
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0Once a leak has been detected, the sensing wire 
must be replaced. 

eThey cannot be used in a previously contaminated 
well or soil unless the contamination has been re- 
moved. Otherwise they will rapidly deteriorate 
and require replacement. 

The control units associated with electrical resistiv- 
ity sensors can be designed to interface with audible 
alarms, visual alarms (e&, indicator lights), control 
equipment such as pumps or valves, and computer cou- 
trols. Occasional checks of systems of this type would 
be required to insure that the power supply and all con- 
trols are in working order. 

Gas Detectors [4]. Gas detectors are available to 
detect a large number of combustible and non-combusti- 
ble gases and vapors. These types of devices are gener- 
ally applicable in areas of permeable soil or backfill, 
where gases and vapors are likely to migrate easily. Gas 
detectors are particularly applicable in instances where 
the stored product is highly volatile and the storage area 
(excavation) is relatively dry (free of groundwater). 

There are a wide variety of both portable and per- 
manent gas detection devices available that may be op- 
erated in conjunction with audible or visual alarm sys- 
tems. 

Sample Collection. Sample collection typically in- 
volves collecting samples from a well in the excavation 
area. Sample collection is an accurate but expensive 
method of leak detection that is particularly applicable 
in areas of high groundwater where direct groundwater 
contamination is of concern. Sample analysis can be 
performed using any of several techniques such as mass 
spectrometry and gas chromatography; therefore sample 
collection can be used to detect any stored product. 
However, sample collection is an intermittent as op- 
posed to a continuous monitoring technique; sample 
cannot be collected 24 hours a day, 365 days a year, 
Therefore, sample collection may not be as desirable a 
monitoring technique as those described above. 

4. Tank Excavation 
Monitoring Systems 

There are several types of leak monitoring systems 
which may be employed using the leak sensors or detec- 
tion techniques described above to detect leaks in or 
around underground tank storage areas. These system 
types include the following: 

QWire grids. 
@Observation wells. 
WJ-tubes. 
Table 2.5-2 summarizes the applicability of the 

types of leak sensors of detection techniques described 
above to these types of leak monitoring systems. 

Wire Grids. This type of leak detection system 
employs electrical resistivity sensors in a wire grid lo- 
cated either within or just outside the containment re- 
gion (e.g. just inside or outside the containment area 
synthetic liner). The wire grid is connected to a mini- 
computer that continuously monitors the electrical prop- 
erties of each wire in the grid. If a leak occurs, the 
mini-computer can determine which wires in the grid 
have had their electrical properties altered, thereby iden- 
tifying the location and extent of the leak. A drawback 
of this type of system is that is is susceptible to disabl- 
ing by a spill. The insulation around the grid wire is 
dissolved, thereby registering a change in resistivity. 

Observation Wells. Observation wells are most 
commonly used in areas of high groundwater, where the 
underground tank is likely to be anchored in the ground- 
water during normal operation. They may employ any 
of the types of leak sensors described above to provide 
continuous leak surveillance. An example of an obser- 
vation well installation is shown in Figure 2.5-2. 

Observation wells typically consist of a 4 inch di- 
ameter (schedule 40) PVC pipe driven into the tank ex- 
cavation. The wells are constructed with a well screen 
long enough to provide a length of 5 feet or more above 
the water table, or to the well cap, and extending a 
minimum of 5 feet into the groundwater or 2 feet helow 
the tank bottom, whichever is greater. Well screens typ- 
ically have a slot size of 0.02 inches, and are extended 
to grade and covered with a water proof cap which is 
capable of being sealed. 

U-tubes: A U-tube typically consists of a 4 inch 
diameter (schedule 40) PVC pipe installed as shown in 
Figure 2.5-3. The horizontal segment of the pipe is 
half-slotted (typical slot size - 0.06 inches), wrapped 
with a mesh cloth to prevent backfill infiltration. and 
sloped (pitched) toward the sump with a slope on the 
order of '/4 inch per foot. At the higher end of the pipe 
there is a 90 degree sweep to a vertical pipe that is ex- 
.tended to grade. At the other (lower) end of the hori- 

Table 2.5-2 

Applicability of Types of Leak Sensors 
in Tank Excavation Areas 

Sensor Type Sruveillance Method 

Observation Wire 
Wells U-tubes Grids 

Thermal 
Conductivity. X X 

Electrical 

Gas Detectors X X 
Sample Collection 

and Analysis X X 

Resistivity X X X 
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zontal pipe there is a tee connection with a vertical 
pipe; this vertical section is extended to grade, and ex- 
tended 2 feet below the tee to act as a collection sump. 
All vertical pipe sections are unperforated, and the bot- 
tom of the sump is sealed so as to be:leak proof. All 
openings to grade are provided watertight caps capable 
of being sealed. 

The U-tube is a relatively new design that has not 
been extensively tested in the field. It appears to offer 
an economical method for monitoring and recovery of 
leaks and spills at underground installations. When the 
U-tube is installed without an underlying impervious 
liner it functions on the assumption that a leak will 
trickle downward along the exterior surface of the tank 
and drip off the very bottom directly into the U-tube. 
When installed with an underlying impervious liner, the 
U-tube will collect all liquids moving downward 
through the soil in the vicinity of the tank including 
rainwater. This provides positive assurance of collecting 
a leak from a tank but presents a problem with removal 
of rainwater which floods out the system, 

U-tube monitoring systems, as shown in Figure 
2.5-3, are most effective in areas of low groundwater, 
where it is unlikely that the tank will be exposed to 
groundwater during normal operation. However, .U-tube 
installations can be used in conjunction with observation 
wells in areas where the groundwater table level is 
known to fluctuate to a level above the bottom of the 
storage excavation. 

U-tubes may employ any of the leak detection de- 
vices discussed above to provide continuous surveillance 
of the storage installation. 

Rhodamine B is a fluorescent dye generally recom- 
ended for time-of-travel and dispersion measurements. 
Fluorescein and Rhodamine dyes are also typically used 
for groundwater applications. Pontacyl Pink is a good 
tracer dye, but is usually more costly than the others. 
In addition, detection of this dye requires a fluorometer 
[SI. 

Techniques that utilize radioactive tracers as detec- 
tion elements may also be used to pinpoint the source 
of an underground spill. These techniques consist of in- 
jecting a small amount of a radioactive material such as 
tritium into the underground storage tank or pipeline 
and using a detection device to track its movement 
through the soil or groundwater [13]. However, there 
are a number of problems associated with the use of 
radioactive tracers including the following: 

O A  license or approval from the U S .  Department 
of Labor or the Nuclear Regulatory Commission 
will be required before such materials can be 
used. 

Where are portential ecological and health hazards 
associated with the use of radioactive materials in 
this manner. Whatever materials are injected into 
a leaking tank will enter and remain in the envi- 
ronment, possibly generating a problem more seri- 
ous than contamination of the environment with 
the stored product. 

Monitoring techniques using dyes and tracers are 
often unsuccessful for several reasons: 

eIf  only vapor is found at the discovely point, the 
dye or tracer may he useless [6]. 

QThe dye or tracer may be absorbed by the soil or 
bleached by chemicals in the soil before it reaches 
the point of discovery [61. 

e l f  underground flow is very slow, the site will 
have to be monitored for a long time to detect any 
leaked dve or tracer 161. 

I C. AREA-WIDE 
SURVEILLANCE METHODS 

f QThe dye. or tracer may contaminate underground 

oThe dye or tracer may contaminate the product 
water supplies [6] Area-wide surveillance methods include the use of 

monitoring wells and the use of dyes or tracers., These 
methods are relied won to investigate or oinDoint the ,L, 

L U J .  L . .  
source of a known leak or spill. 

I .  Dyes and Tracers 

Dyes and tracers may be used as investiative tools 
to track down a source of groundwater contamination. 
The technique consists of injecting a strong dye or trac- 
ing material into a'storage tank suspected of being the 
source of the contamination and monitoring the point 
where the contamination was first discovered for the ap- 
pearance of the dye or tracer. A variety of dyes and 
tracers are available and include organic and fluorescent 
dyes. metallic tracers, ultraviolet tracers. and radiodc- 
tive tracers. The use of dyes and tracers is governed by 
the prohibitions and limitations of the New.Yorl( State 
DEC Ground Water Effluent Standards (Title 6, Official 
Compilation of Codes, Rules and Regulations, Part 
703). 
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2. Monitoring Wells 

Monitoring wells are typically employed as areal 
surveillance tools; they afe used to investigate the 
movement of either a liquid or a gas in the ground. 

There are two basic types or categories of monitor- 
ing tht can be conducted using monitoring wells. These 
are: 

ODetective monitoring, which establishes the pres- 
ence or absence of contaminants and the need for 
further monitoring. 

olnterpretative monitoring. which determines the 
extent of contamination. 

Detective monitoring can be conducted using contamin- 
ant sensing devices such as those described cdrlier in 
this chapter, Interpretative monitoring. on the other 
hand. typically requires a sample collection and analysis. 



Figure 2.5-2 

Examples of Observation Wells. Each Well Consists of 4" 
Perforated PVC Pipe, Driven at Least 2 Feet Below the Bottom 
of the Tank and at Least 5 Feet into the Groundwater 
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Figure 2.53 

Example of a U-Tube Installation 
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In the effective administration of a monitoring pro- 
gram using wells, it is important to have some under- 
standing and appreciation of hydrogeology and its limit- 
ing influences on areal surveillance. Monitoring the 
movement of a contaminant in the soil or groundwater 
is completely different from monitoring a surface water 
or an air pollution plume; the main differences are the 
unpredictability and the, difficulty and expense of ob- 
taining representative data. 

A listing of the type of data necessarym develop 
an adequate monitoring well program is given in Table 
2.5-3. These data lead to the key item in deciding the 
location and depth of any monitoring wells that must be 
driven: a determination of the location and flow pattern 
of the groundwater and the contaminant. 

The limitations of monitoring well techniques in- 
clude the following: 

@A monitoring well is used to sample a very small 
part (a point) of the soil or groundwater, thereby 
limiting its representativeness to the quality of the 
soil or groundwater in the immediate, vicinity of 
the well. 

' 

L 
I 

oThe extraction of samples from wells may be dif- 
ficult due to the tightness of the geological forma- 
tion or the depth to the groundwater, 

eDetermination of the groundwater flow rate .and 
direction are prerequisites to determining the 
placement of groundwater monitoring wells. Dril- 
ling and measurements of the groundwater surface 
may be necessary. 

OGroundwater flow rates are extremely slow (typi- 
cally varying from one foot per day to much less), 
resulting in a correspondingly slow change in 
water quality at a particular well. This phenome- 
non could require data collection over long 
periods of time (months or years). 

1 

, 
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The attempt has been made here to emphasize the 
fact that the design and construction of a monitoring 
well program can be a complicated undertaking. For 
more detailed information see references IO,  I 1  and 12. 

Vapor Wells. Vapor wells or sniff wells may be 
used to detect or rnonifgr the presence of hazardous 
gases or vapors in unsaturated soil. That is, these types 
of wells may be used in permeable soils in the region 
above the groundwater table where vapors or gases are 
more likely to migrate. 

Vapor wells typically employ gas detectors on per- 
manent probes or portable gas sampling devices to mon- 
itor for gaseous contaminants. These types of devices 

Table 2.5-3 

Types of Site Data Needed to  Design an 
Appropriate Groundwater Monitoring Program 

Geologic: 
- surfacegeology(topographyand type/depth of 

- lithology of aquifer 
- type of geology formation (local stratigraphy 

overburclen) 

and structure) 

Hydrogeologic: 
'- depth to  water table 
- water-table contours 
- thickness of aquifer(s) 
- relative hydraulic heads, if more than one 

- annual precipitation 
- aquifer permeability and porosity 

aquifer 

Geochemicak 
- Background water quality 
- chemistry of geologic formation 
- presence of other sources of chemical or biolog. 

Source: Reference 10 

ical contamination. 
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will detect a large number of combustible and non-com- 
bustible gases and vapors. It should be noted that many 
contaminants have odors that can he manually detected, 
even at low concentrations. Gasoline, for example, can 
be detected by smell at concentrations as low as 0.1 
mgll (of water). 

Vapor wells are an advantageous means of detect- 
ing volatile soil contaminants before they are dissolved 
into the groundwater. However, their primary use is in 
indicating the presence of a contaminant. Once contami- 
nation has been detected, the vapors will remain present 
until cleanup; another monitoring technique (e.g. sample 
collection) will be required for further monitoring until 
that cleanup occurs. 

A typical vapor well installation is shown in Figure 
2.5-4. 

Groundwater Monitoring Wells. Groundwater 
monitoring wells, or wet wells, may be used to detect 
or define the movement of a spilled or leaked substance 
in a groundwater table. 

These types of wells are typically constructed of a 
PVC well casing that is screened or perforated in the re- 
gion that is being sampled. The material used to fill the 
well borehole must be permeable to allow water to flow 
into the screened area of the casing. The well may be 
monitored using instruments such as the sensors de- 
scribed above, or samples may be collected manually 
for laboratory analysis. 

There are various types of groundwater monitoring 
wells that may be used to detect and define groundwater 
contamination. These include the following: 

*A well screened or open over a single vertical in- 

@ A  well cluster. 
QA single well with multiple sample points. 

terval. 

These advantages and disadvantages of these configura- 
tions are summarized in Table 2.5-4 and described 
below. 

Wells Screened Over a Single Interval. An ex- 
ample of a well screened over a single verticle interval 
is shown in Figure 2.5-5. This type of monitoring well 
configuration is routinely used to monitor groundwater 
contamination. However, a single well-screened in such 
a manner is not effective in providing information on 
the vertical distribution of a contaminant. 

Well Clusters. Investigators have used well clus- 
ters to define the vertical distribution of a contaminant 
in the groundwater. As shown in Figure 2.5-6, each 
cluster consists of a group of closely-spaced wells com- 
pleted at different depths. From these wells, water sam- 
ples that are representative of different levels in the 
groundwater table can be collected. Thus, careful place- 
ment of well clusters.will allow delineation of both ver- 
tical and areal contaminant distribution. However, re- 
gardless of the selected depths of the wells in each clus- 
er, there will remain unsampled regions through which E '  ontaminant may pass undetected. 
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rable 2.5-4 

Types of Groundwater Monitoring Wells 

Type of Well Advantages Disadvantages 

Well Screened or Open 
Over a Single Vertical 
Interval 

Well Clusters 

Single Well-Multiple 
Sample Points 
(Nested Well) 

Source: Reference IO. 

Can provide composite groundwater 
samples if screen covers saturated thick- 
ness of groundwater table. 

Excellent vertical sampling made pos- 
sible if sufficient number of wells are 
constructed. 

“Tried and true” methodology, ac- 
cepted and used in most contamination 
studies where vertical sampling is 
required. 
Low cost if only a few wells per cluster 
are involved and if the drilling con- 
tractor has equipment suitable for in- 
stallation of small-diameter wells 
(1-4 inches in diameter). 
Excellent information gained on verti- 
cal distribution of the contaminant. 

If necessary, well diameter is large 
enough for use with pumping equip- 
equipment. 

Sampling depths are limited only by 
the size and lift of the pump. 
Rapid installation possible. 

No information is given on the vertical 
spread of the contaminant. 

Improper completion depth can cause 
error in determining the spread of 
contamination. 
Screening over much of the aquifer thick- 
ness can contribute to vertical movement 
of contaminant. 
The contaminant may become diluted in 
the composite sample, resulting in lower- 
than-actual concentrations. 
If only a few wells are installed, large 
vertical sections of the aquifer are not 
sampled. Artificial constraint on data by 
completion depths. 
Small diameter wells can be used only for 
monitoring. They cannot be used in 
abatement schemes. 

In small-diameter wells, development and 
sample collection become tedious and 
difficult if water is below suction lift. 

Relatively expensive. 

Proper well construction and sampling 
procedures are critical to successful 
application. 

It is possible to skip large sections of th  
groundwater table and thereby miss the 
contamination plume. 



Single Well - Multiple Sample Points. Another 
method used to provide sampling at multiple levels in 
the groundwater table is to use multiple sampling points 
in the same well. This type of monitoring well is called 
a nested well. An example of such a well is shown in 
Figure 2.5-7. This technique requires great care in con- 
struction of the well and isolation of  the various sampl- 
ing depths. 

Another method has been recently developed by 
the Suffolk County, N.Y. Health Dept. It involves the 
use of a hollow stem 'auger to drill a sampling well 
which is first pumped and sampled at the deepest de- 
sired level. The screen is then withdrawn to the next 
sampling level, pumped and sampled again. The process 
is repeated until the top of the water table is reached. 
The well screen is usually set there. [I71 

D. RECOVERY WELLS , 

Recovery wells may be used to recover oil or any 
other hazardous liquid that has been spilled and'is float- 
ing o n  the groundwater table. Such wells are located so 
as to take advantage of  natural gradients or :induced 
gradients in the groundwater table in drawing out the 
contaminated water. Through judicious placement and 
operation of recovery equipment, the spill cani be con- 
centrated in one of a few recovery sites. 

The factors that must be considered when establish- 
ing a recovery well program include: 

QThe required pumping rate to recover! product 
from the groundwater. 

oThe establishment of a well network that insures 
adequate coverage of the spill. 

BThe prevention of soil contamination during re- 
covery operations. 

aExisting environmental and public health standards 
which will be used to determine when spill recov- 
ery operations have been completed satisfactorily. 

.The required depth of the recovery well. 
@The geologic formation. 
*The required well diameter. 

The information required to adequately address 
these .factors is  generally obtained through, separate 
pumping tests and through consultation with a hydro- 
geologist 171. Typical single pump and two-pump recov- 
ery systems are shown in Figures 1-58 and 2.59 re- 
spectively. 

E. EXAMPLES ' 

A partial list of manufacturers of leak, detection 
systems and devices is presented in Table 2.5-5.  

Figure 2.5-5 
Typical Single Monitoring Wet Well 

0 =T n 

Source: Lawrence Peterec, P.E., New York State 
Department of Transponation, Oil Spill 
Prevention and Control Division. 
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Figure 2.5-6 
Typical Wet Well Cluster 
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Table 2.55 

Leak Detection System Manufacturers 

Pollulert System Pollullert System 
Mallory Components Group 
P.O. Box 706 
Indianapolis, IN. 46206 
(317) 261-1 130 

Leak-X Gas and 
Liquid Monitoring Leak-X Corporation 
Systems 560 Sylvan Avenue 

Englewood Cliff, N.J. 07632 
(201) 569-8989 (212) 822-6767 

McTighe Hydro- 
carbon Detector McTighe Industries, Inc. 

P.O. Box 370 
Huntington, N.Y. I1743 
(516) 549-0050 

WELL CASINGS-, I-LAUD SURFACE 
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.Figure 2.5-7 
Schematic of a Typical 
Nested Monitoring Well System 

Soume: Reference 15 
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Figure 2.5-8 

Typical Single-Pump 
Recovery System 

I 

Source: Reference 7. 

Figure 2.5-9 

Typical Two-Pump 
Recovery System 
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Part I1 
CHAPTER 6: 

TESTING AND INSPECTION 

STORAGE SYSTEMS 

tion methods that determine at a single point in time if 
a tank or pipe is either tight or leaking. These are to 
be distinguished from monitoring techniques, as dis- 
cussed in Chapter 5, that provide either continuous sur- 
veillance for early leak detection, or area-wide surveil- 
lance to investigate the source of a leak or spill. 

Tests to determine the tightness of underground 
storage tanks and piping should be conducted under the 
following conditions: 

@As part of routine inspection and maintenance re- 

.When there is a susoicion of leak because of stock 

OF UNDERGROUND 

A. INTRODUCTION quirements. 

Every business that handles bulk liquids is suscep- 
tible to inventory losses. Product losses result in an ob- 
vious monetaty loss. However, when these losses are 
caused by leaks in underground tanks or piping, not 
only is money lost, but serious evironmental and safety 
hazards are often created. For instance, if an under- 
ground leak remains undetected, one or more of the fol- 
lowing problems may develop: 

eThe leaking substance or its vapors can find their 
way into the basements of nearby buildings. If the 
substance is flammable or reactive, it may create 
a fire or explosion hazard. 

.The leaking substance can seep into sewer sys- 
tems, thus spreading the contamination to other 
areas, after far away from the source of the leak. 

OThe leaking substance or its vapors can seep into 
the groundwater, thus contaminating drinking 
water supplies. 

'Often the contamination caused by leaking under- 
ground tanks is not.detected for months or even years, 
at whkh point it may have become widespread and very 
difficult and expensive to correct. It is therefore neces- 
sary to detect tank leaks early before they have a chance 
to spread and cause extensive damage. Regular testing 
and i.nspections of tank and piping are ways to insure 
that leaks are prevented, or detected early if they should 
occur. 

Historical Note: The technical difficulty in- 
herent in determining tank tightness led to a 
target of 0.05 gallons per hour ( I  gallon per 
day). If i t  could be determined that a tank was 
leaking marc than 0.05 gph. it was a leaker. 
Less than 0.05 gph was beyond the scope of 
measurement ability and the tank was consid- 
ered tight. Present technology is imprecise in 
detecting leaks smaller than 0.05 gph. This is 
the standard embedded in NFPA 329, Final 
Test (renamed Prescision Test). 

B. TANK TESTING METHODS 

inventory losses. 
cWhen leak monitorin6 indicates ground contami- 

nation, but the acturll cause is not determined 
from surface observation. 

cWhen there is an accumulation af water in the 
tank. 

@Upon completion of construction. 
The tests that are usually performed consist of fil- 

ling the tank with a fluid, usually water, or air until a 
certain pressure is reached, and observing if a loss of 
the fluid or pressure occurs due to an existing leak. Re- 
gardless of the testing procedure involved, it is impor- 
tant that underground tanks be tested in a condition as 
close as possible to normal operating conditions without 
uncovering the tanks. There are several reasons for this, 
including the following: 

eUncovering and exposing the tank can very easily 
cause a leak that did not previously exist and its 
discovery might imply the problem is solved 
when, in fact, it is not [6]. 

BUncovering underground tanks or piping is costly 
and time consuming [6]. 

.Excessive pressures or tests using nonrepresenta- 
tive liquids may indicate leaks where none 
existed, or conceal exisiting leaks 161. 

.Inadvertent pressurization during testing may mp 
ture the tank. 

A number of testing methods may be used to detect 
leaks and at the same time ascenain the tightness of a 
tank and its associated piping. Each method has particu- 
lar applications and limitations. The methods that apply 
to underground (buried) tanks include the following: 

@Pneumatic (air) testing. 
oHydrostatic (standpipe) testing. 
eThe Kent-Moore test (Heath Petro-tite) 
@The "Sunmark" leak detection test. 
@Laser-beam leak detection. 
oThe J-tube manometer test. 
@The Arco leak test.' 

In addition, certain tests using air, water, or instruments 
may be .performed on  the piping. These tests, which in- 
clude suction piping testing and discharge line testing. 
are discussed in Section C of this chapter. The charac- 
teristics and accuracy of these various testing methods 
are'summarized in Table 2.6-1, and discussed in the 
fOllOwing 

mentioned in Chapter 5, the teFm testing as 
used in  this text refers to those tank or  pipe leak detec- 
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Table 2.6-1 

Comparison of Various Leak Deteetion Tests for Underground Systems 

Type of Relative 
Test Description Applicability Accuracy Cost Remarks 

Pneumatic Air or other gas is Underground tanks Pneumatic tests are 
test used to pressurize and piping systems often inconclusive. 

the system. A drop 
in pressure is indi- 
cative of a leak. 

Hydrostatic Water (or another Underground tanks Hydrostatic tests are 
(standpipe) liquid) is used to and piping systems. more sensitive than 
test pressurize system. pneumatic tests. 

A drop in pressure 
is indicative of a 
leak. I 

Kent-Moore Highly accurate Underground tanks 0.05 gal/hr 
test type of hydrostatic and piping systems. 

test. 

J-tube 
manumeter 
test 

Sunmark 
leak 
tester 

Laser-beam 
leak tester 

ARC0 HTC 
leak tester 

Manometer-type 
instrument that 
detects leaks by 
measuring small 
changes in product 
level. 

System operates 
on the principle of 
hydrostatic head 
and uses an analy- 
tical balance to 
measure small 
changes in liquid 
mass displacement. 
An experimental 
device for detect- 
ing leaks that op- 
erates on the prin- 
ciple of laser inter- 
ferometry. 
Systems use a float 
and light-sensing 
system to detect 
volume changes. 

Underground tanks. Detects change in li- 
quid level as small as 

I 0.02 inches, Accuracy 
depends upon the time 
period over which the 
level charge is observ- 
ed (leak of 0.02 inches 
over I hour is larger 
than leak of 0.02 inches 
over 10 hours in same 
tank. 

Underground tanks 0.03 gal/hr 
and piping syitems. 

I 

Underground storage Threshold of detec- 
tanks. tion has not yet been 

established. 

Underground storage Less than 0.05 gallhr. 
tanks and th&r dis- 
tribution lines, 

, 

Low Air pressure tests are not re- 
commended for tanks and 
piping systems containing 
flammable or combustible 
liquids. With air testing, 
there is also a serious danger 
of rupturing the tank. 
This procedure will be useful 
where it is desired to check 
the tightness of any under- 
ground storage tank and its 
connected piping for gross 
leaks. Does not compensate 
far thermal expansion or 
contraction of the stored 
liquid. 
Test is approved by the 
National Fire Protection 
Association (NFPA). Re- 
quires well trained operator. 
Requires several hours for 
completion of accurate test. 

Medium Easy to transport, assemble 
and operate. Does not re- 
quire a contractor crew to 
operate. Several tanks can 
be tested simultaneously. 
Tank, piping and dispenser 
openings need not be sealed 

Low 

Hi& 

High The time for the equipment 
to be set up and the test to 
be completed is at  least 2 
hours. Compensates for 
temperature and pressure. 

Probably API has specified that it 
high wants the device to be able 
when to detect leaks as small as 

marketed 0.05 gal, hr. 

Medium System works on tank 75% 
full. Therefore, it does not 
detect leaks in the upper 
25% of the tank or in the 
fill h e .  

C 
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Suction Pump suction Piping system 
piping test piping may be 

tested by pres- 
suring with air or 
the liquid product 
in a similar way as 
tanks. A drop of 
pressure in excess 
of 5 psi per miniute 
is indicative of a 
leak, 

3 

Discharge Pump discharge Piping system. 
piping test piping may be 

tested by pressur- 
king with liquid 
product. A drop of 
pressure in excess 
of 5 psi per minute 
is indicative of a 
leak. 

0.05 gal/ hr Low Conditions such as pump 
cavitation and pump over- 
speed which are indicative of 
a leak in the suction piping 
should be observed prior to 
conducting the test. Above 
conditons may also be 
caused by a leaking check 
valve. 

Test is inconclusive Low Any pressure drop of less 
and will detect gross than 5 psi per minute may 
leaks only. be caused by cooling or a 

small check valve leak. 



1. Pneumatic Testing 

Air pressure (pneumatic) tests can be performed 
when: (I) non-flammable liquids are stored; (2),water or 
other suitable liquid is unavailable; and (3) water in the 
tank may contaminate the product stored. Air testing 
should be avoided if the tank is badly corroded [3]. 
Low-pressure storage tanks as well as atmospheric tanks 
can be tested with this method except that low-pressure 
tanks are tested at slightly higher pressures (Le. up to 
15 psig.), depending upon their design [3]. 

The primary disadvantage of pneumatic tests is that 
they are not sensitive enough to detect slow leaks and 
their precision is limited by the readings of a stick 
gauge and the amount of product in the tank. Greater 
accuracy can be achieved, however, when the tank is 
full or nearly full. Air pressure vanes greatly &ith tem- 
perature and also with the vapor pressure of the liquid 
stored in the tank. Pneumatic tests are extremely haz- 
ardous and their use should be discouraged. There has 
been a fatality from pneumatic testing: a faulty gauge 
led to overpressurization and explosion.of a tank. NFPA 
329 states that ‘‘pressure tests with air ,shall not be used 
on tanks.” [8] 

Another important drawback of the pneumatic test- 
ing method is that large amounts of product may be 
forced out of the tank during the test without detection. 
For example, a 6000 gallon tank half-full with product 
and pressurized to 5 psig with air would lose over 78 
gallons of product before a 0.5 psi loss in pressure can 
be detected. Pneumatic tests are not capable of compen- 
sating for thermal expansion or contraction that may 
mask large leaks. They may even cause a leak by over- 
pressurizing the tank. Air pressure is acceptable for pip- 
ing tests, however, and it is routinely used at levels of 
50 psig with no adverse effects on sound piping sys- 
tems. OSHA regulations require air pressure testing of 
submerged transfer pump piping every five ‘years at 
maximum operatipg pressure. 

2. Hydrostatic (Standpipe) Testing [6] 

Hydrostatic tests involve pressurization of a storage 
system by connecting a standpipe to a completely filled 
tank. An additional head is placed on the tank by filling 
the standpipe, generally to an elevation such that a pres- 
sure of 5 psi is exerted at the bottom of the tank. A 
leak is detected by observing a drop of the liquid level 
in the standpipe. The magnitude of the leak can be de- 
termined by measuring this level drop. Hydrostatic tests 
are more accurate than pneumatic tests, but they still 
contain several sources of error. The expansion of the 
tank due to the pressure exerted during the test produces 
an apparent loss of product. The magnitude of this ap- 
parent loss depends on the tank deflection and can be 
substantial. Table 2.6-2 shows the magnitude of this 
loss for varying deflections on a given size tank. 

The procedure will be useful where it is desired to 
test an underground storage tank and its connected pip- 
ing for gross leaks. It is not adequate for detecting slow 
leaks nor for determining that a tank system is tight. 

Often water is substituted foi  the product stored in 
the tank. However, water is more viscous than many 
hazardous substances (gasoline, light oils, etc.), and 
thus will leak out at a slower rate. This will bias the 
measurement of the actual leak rate. 

Hydrostatic tests do not compensate for thermal ex- 
pansion or contraction of the test liquid as it exchanges 
heat with the tank and surrounding soils. If the test liq- 
uid is colder than the stored product, it will expand 
when heated and thereby raise the level in the 
standpipe. This will also bias the level measurements on 
which the test is based. For example, if the contents of 
6000 gallon tank are warmed 2”F, there will be a 7.2 
gallon increase in volume. If the hydrostatic test is run 
for 2 hours, a leak of almost 90 galiday will not be de- 
tected because no change in liquid level will occur. 

In situations where an underground storage tank 
can be removed from service for several days, a hydro- 
static test in which the test liquid is allowed to reach 
thermal and mechanical equilibrium with the tank can 
be very sensitive in detecting small leaks. The ability to 
isolate and test a tank over a period of several days may 
be likely in an industrial storage situation, whereas it 
may be impractical in testing gasoline service station 
tanks. Increased accuracy is available from hydrostatic 
testing where a long time period can be employed to 

a - 

.~ A 
permit reaching equilibrium conditions. v 

3. The Heath Petro-Tite Tank 
and Line Testing Systems 
(Kent-Moore Test) 115,161 

The Kent-Moore test is essentially a hydrostatic 
test that compensates for temperature, pressure and vis- 
cosity variation. This enables leaks as small as 0.05 gall 
hr to be readily detected. The Kent-Moore test consists 
of exerting a pressure head on the tank by means of a 
standpipe filled with the same liquid stored in the tank. 
This eliminates the error introduced by using a liquid of 
different viscosity. A pump is used to circulate the liq- 
uid in order to produce a uniform temperature through- 
out the tank. Using a thermal sensor, the temperature 
changes are precisely measured to account for expansion 
and contraction of the liquid. The volumetric measure- 
ments are then correspondingly adjusted for the changes 
in temperature. The Kent-Moore test includes a means 
cf accurately measuring all product added or removed 
from the standpipe in order to maintain a constant head. 
By comparing the product added or drained with the 
volumetric changes anticipated due to temperature 
changes, it is possible to reliably detect a leak as small 
as 0.05 gal/hr. 

For storage systems with submerged pumping, the 
Kent-Moore test must be run separately on the tank and 
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on the piping to give good results. On suction delivery 
storage sytems, the Kent-Moore test checks the entire 

The Kent-Moore test requires several hours for 
completion with accurate results. Generaliy, during he 
first few hours of such a test there is a drop in the 
standpipe level attributed to the tank expanding because 
of the increase in internal presure. This is compensated 
for by reducing the tank pressure after 2 hours to con- 
trol tank expansion. It has been determined by ex- 
perimentation and field testing that by reducing the tank 
pressure after 2 hours further tank expansion does not 
take place. The Kent-Moore test can usually beicom- 
pleted in one working day. However, it is a relatively 
difficult test which must be performed by a skilled tech- 
nician. 

Because of the extensive shut-down time require- 
ments and the level of skill involved, the Kent-Moore 
test is relatively expensive to perform. 

system simultaneously. I 

4. The J-Tube Manomenter Test [15,16] 

The J-tube leak detector developed by the : Ethyl 
Corporation and field-tested by Texaco is essentially a 
manometer-type instrument that is capable of measuring 
very small drops in product level caused by tan! leak- 
age. The J-tube consists of a large diameter leg and a 
small-diameter leg that cause a magnification of an liq- 
uid level change as shown in Figure 2.6-la. The detec- 
tor can be placed in a tank through a 3-inch or larger 
fill-pipe, and the valves can be operated while the de- 
tector is in the tank. When placed in the underground 
tank, the detector primes as shown in Figure 2.6-IC. If 
the liquid level in the tank drops during the test period, 
the indicator fluid will be displaced as shown in Figure 
2.6-Id. The ratio of the change in the indicator level to 
the change in the liquid level of the tank is the magnifi- 
cation factor and a measure of the rate of leakage. The 
lower valve is closed and the reservoir valve is opened 
just before removing the detector from the tank. This 
locks the indicator fluid in place while the leak detector 
is removed from the tank and a reading obtained as 
shown in Figure 2.6-le. 

The J-tube leak detector will detect leaks tha; cause 
variations in tank product level as small as 0.02.inches 
[7]. For a one-hour test with the product level in the 
middle of an 8,000 gallon tank, a change of 0.02 inches 
reflects a leak rate of 2.12 gallons per hour. Accuracy 
is dependent on the time span of the test. If, in the ex- 
ample above, the time span had been for a period of I O  
hours instead of one hour, the leak rate would be 0.212 
gallons per hour. 

Possible effects of temperature and tank-end deflec- 
tion variables are reduced by careful adherence to the 
test procedure. Instructions on the use of the equipment 
state that 1°F change in product temperature during the 
test will negate the results. Therefore, rests conducted 
within 24 hours after delivery should be avoided be- 

cause temperature sometimes varies within that period. 
When the leak test is begun 24 hours or more after a 
delivery, the temperature usually does not vary 1°F 
from the beginning to the end of the test. 

Also, temperature has been found to be stable at 
various depths from the top to the bottom of the tank. 
Rejection of any test with a 1°F temperature change 
means that error due to temperature is kept within small 
limits. For example, the error in 4,000 gallons of 
gasoline would be less than 2.4 gallons, or in 2,000 
gallons of gasoline would be less than I .2 gallons. 

Tank-end deflection is not regarded as a serious 
problem because no unusual pressure is applied to the 
tank and also because the tank has at least 24 hours to 
physically stabilize in the ground before the leak test 
starts. 

Advantages of the Texaco J-tube leak detector are: 
BIt is relatively easy to transport, assemble and op- 

erate. 
e I t  does not intensify existing leaks or create new 

leaks, since no hydraulic or air pressure is used. 
GAccuracy is a function of the time span of the 

test. The euipment will measure major leaks in a 
short period of time and relatively minor leaks in 
a longer period of time. 

QIt does not require a contractor crew to operate 
and no tank truck delivery is requireu. 

@Several tanks can be tested simultaneously. 
Wnderground tank, piping and dispenser openings 

One disadvantage of the J-tube leak detector is that 
it will not detect leaks above the product level in the 
storage tank. 

While the J-tube leak detector was developed 
primarily for fuel storage tanks, it can be applied with 
other liquid products as well 

need not be sealed. 

5. The Sunmark Leak 
Detection Test [8,9, IO] 

The Sunmark Industries Leak Lokator is an equip- 
ment system capable of detecting and measuring volume 
changes in underground storage systems. It was princi- 
pally developed for use on gasoline storage tanks but 
could be used for other liquid storage systems as well. 
The equipment is capable of differentiating between pip- 
ing leaks and tank leaks. 

The basic equipment consists of a sensor, an 
analytical balance, and a chart recorder. The sensor is 
an open top, hollow tube filled with the liquid contained 
in the rank. It is suspended from the analytical balance 
and partially submerged in the tank liquid. As the liquid 
level in the tank changes, the buoyancy of the sensor 
also changes. This change of mass displacement mea- 
sured by the analytical balance is an indication of vol- 
ume changes within the tank. The chart recorder pro- 
vides a graphical representation of volume change ver- 
sus time. c 
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Figure 2.6-1 
J-Tube Underground Tank Leak Detector 

- 
A. NOMENCLATURE I I B. INBTALLA~ION IN TANK 

Source: Reference I .  
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The time for the equipment to be set up and a test 
completed on the typical service station fuel tank is 
about two hours. Once the equipment.is set up, the ac- 
tual test to determine a volume change (leak) takes 
about 15 to 20 minutes. The sensitivity of the test is 
greatest when the fluid level of the tank is at grade 
level, and least sensitive when it  is near the center line 
of the tank. However, Sunmark claims it  is possible to 
detect volume changes of 2 cclminute (.03 gal/hr.) even 
at this level. When the tank is filled at or above grade 
level the sensitivity will be much greater than this. 

The test currently compensates for temperature var- 
iations by means of a thermistor lowered to the center 
of the tank that measures temperature continuously dur- 
ing the test. Barometric pressure is also monitored con- 
tinuously during the test and Sunmark claims than an air 
pocket equivalent to four gallons or less will have no 
significant effect on the result. The system is self-com- 
pensating for evaporation losses by the sensor.'The sen- 
sor is filled with the fluid to be measured so that mass 
changes due to evaporation are proportionate between 
the tank and sensor. 

End deflection problems associated with the Kent- 
Moore test are not considered for the Sunmark leak tes- 
ter. Fluid levels need be brought only to the top of the 
tank and piping system for the Sunmark test to be 
started. Since it can be reasonably assumed that all 
tanks have been completely filled at some time previ- 
ous, the volume changes associated with end deflection 
resulting from the unusually high head placed on the 
tank with the Kent-Moore test is not a factor, 

Tanks of any size can be tested by the ,Sunmark 
system as long as an opening exists with a diameter of 
two inches or greater. A pemanent record of test results 
is provided by the chart recorder. The chart recorder 
notes the lapsed time in minutes versus the volume of 
liquid displaced either in or out of the tank in cubic 
centimeters. A vertical line on the chart indicates no 
change in volume and therefore a no leak condition. A 
leak out of the tank would be represented by a line with 
a positive slope and a leak into the tank, such as from 
a groundwater condition, would be represented by a line 
with a negative slope. The equipment is sensitive 
enough to be affected by vibrations from traffic or other 
causes. Although these vibrations affect the recorder 
significantly, they do not change the slope of the line 
being recorded and it is only the slope that is of interest 
in the application of this equipment. 

6. Laser-Beam Leak Detection [12,13] 

An experimental device for detecting leaks 
that operates on the principle of laser interferometry is 
currently being developed by SRI International, a 
California-based research and development company 
under contract to API. The device operates by aiming 
a laser beam down into the underground tank. Upon 
striking the liquid surface, the beam isreflected back to 

a detector which computes the liquid level in the tank. 
A change in the liquid level during the test is indicative 
of a leak in the tank, The tests performed to date on 
the device indicate that it is capable of detecting 
changes in liquid level in the order of microinches. 
However, the threshold of detection has not yet been es- 
tablished. The American Petroleum Institute, which is 
funding the development, has specified that it wants the 
device to be able to detect leaks as small as 0.05 gal- 
lons per hour in an instant [12]. 

7. The Arco Leak Test [I81 

The Arc0 HTC Storage Tank Leak Tester uses a 
float and light-sensing system to detect volume changes 
in underground storage tanks and their distribution lines. 
The system can be used for any liquid whose density 
can be measured, and it  is unaffectd by temperature ' 
changes that occur in the tank during the test. However, 
measurements can be taken only when the tank is inac- 
tive and contains between 70 and 82% of its volume 
(66.75% of liquid depth). 

This leak tester consists of a float that is positioned 
at a particular depth in the tank and a detector that is 
usually attached to a support rod. The support rod is 
used to adjust the position of the detector and to allow 
insertion and extraction of the float from the tank, 

In operation, the float is  positioned at a calculated 
depth in the storage tank. This depth is a function only 
of the level of product in tank and the tank diameter. 
At this depth any changes in the liquid temperature oc- 
curring during the test do not affect the test results. This 
allows testing of tanks that are not at a constant temper- 
ature throughout the test period. 

The detector assembly utilizes a light source/photo- 
cell system in which the light passes through a colored 
liquid (to the photocell). The amount of liquid in the 
light path changes in proportion to the volume of liquid 
gain or loss in the tank due to a leak. The change in 
light path causes a change in the amount of light seen 
by the photocell which is converted to a voltage and re- 
corded on a strip chart recorder. These charts are later 
used to calculate the liquid volume change that occurred 
in the tank during the test period. 

The process for testing storage tanks and their dis- 
tribution lines with this system begins by inserting the 
tester into the tank. After the tester has been in the tank 
for one hour (to allow wave action to subside and all 
of the tester components to come into temperature 
equilibrium in the tank), leak testing can be started. The 
test procedure requires a calibration, followed by a one- 
hour test period followed by another calibration. This 
sequence is continued until two consecutive one-hour 
tests give the same calculated result. This can typically 
take four or five hours, although longer test periods are 
possible. 
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The unit is calibrated during each test by adding a 
known volume of liquid into the tank while the unit is 
in operation. This addition causes a change in the re- 
corded voltage that is directly related to the volume 
added, This method of calibration corrects the results 
for tank size, volume present and equipment variables. 
Several calibrations are done during each tank test. 

The primary drawback of this test procedure is that 
it must he conducted with the tank 66-76% full. Thus, 
it is not possible to detect leaks in .the upper 25% of 
the tank. 

e 

C. PIPELINE TESTING PROCEDURES 

The standards of NFPA 30 [ I l l  require that all 
pipelines for underground storage systems shall be 
tested prior to being covered, enclosed or placed in use. 
These standards require either hydrostatic testing, 
pneumatic testing, or an approved equivalent. For more 
information, please refer to that code. 
The following are descriptions of specific pipe testing 
procedures. 

1. The Suction Piping Test [61 
- .  

If the pump used in moving the liquid is aboveground 
the supply pipe operates under a suction head and cer- 
tain pumping characteristics indicate either a leaking 
check valve or a leaking pipe. If there is a leak, air will 
enter the pipe as liquid drains hack into the tank 
through the check valve or through a pipe leak into the 
ground. The presence of air will be indicated by the ac- 
tion of the pump in the first few seconds of operation 
after an idle period. If the pump is equipped with a 
meter and costlquantity display device such as is found 
in a gasoline service station, pumping of air is indicated 
by the display wheels skipping or jumping. Other indi- 
cations of air in the suction line are: 

oThe pump is running hut not pumping liquid. 
@The pump seems to overspeed when first turned 

on and then slow down as it begins to pump liq- 
uid. 

@A rattling sound in the pump and erratic liquid 
flow indicates air and liquid are mixed. 

A common method of approximating the location 
of a leak in suction line is based on the quantity per 
foot that piping contains. A 1% inch pipe, common to 
service stations, holds approximately I gallon per I O  
feet, and, based on dispenser output, a rough estimate 
can he made as to a leak's location. For example, if a 
dispenser "sputters" after 30 seconds of operation. 

3 

- .  . .  

Problem is approximately 25 ft. from the pump, 
If any of the preceding conditions indicate a leak 

in the suction line, the check valve should he inspected 
first. Some check valves are located close to the pump 
inlet, others are mounted in the underground pipe just 
above the tank, and some may he on the end of the suc- 
tion stub inside the tank. Some of those valves located 
in the pipe above the tank can be inspected and repaired 
from the surface,of the ground through a special extrac- 
tor mechanism installed with the valve. If not, or if the 
valve is inside the tank, it may be necessary to dig 
down KO the tank to check the valve or disconnect and 
seal off the pipe for a pressure test. 

Generally, digging down to the check valve or tank 
should he delayed until other more easily performed 
surface tests have failed to reveal the leak. If there is 
any doubt that the check valve seals tightly, repair it, 
replace it or seal it off. Then repeat the pumping test 
and if air is still entering the suction line, it may he as- 
sumed the pipe is leaking underground and it should he 
exposed for inspection. Dig carefully to avoid damage 
to the pipe that might make it impossible to verify 
whether a leak actually existed prior to uncovering. 

If the pumps do not exhibit the symptoms of a leak 
as described above hut there is still reason to suspect a 
pipe leak, or, if a complete system check has been per- 
formed and it is now necessary to isolate and check the 
piping system, individual pipe runs may he isolated and 
pressure tested. 

2. Discharge Line Testing 

Quite often pumps are located in the tank, or, on 
some rare occasions, just above the tank hut remote 
from the dispensing devices. In such cases, the pipe to 
the dispensing equipment operates under pressure. A 
leak in this line will cause rapid loss of pressure after 
the pump is turned off. This can he checked in the fol- 
lowing manner: 

At the dispenser end of the pipe, close the 
emergency shutoff valve at the base of the dispensers or 
close any valve upstream of any hose to hold pressure 
at the dispenser end. The pump end can be sealed off 
by setting the check and relief valves in the head of the 
pump. The check valve is readily accessible in the man- 
hole over the pump, and most are equipped with a 
screw or bolt supplied for the specific purpose of posi- 
tively seating these valves for line checking. Install a 
pressure gauge in the line (a minimum of 3 inch dial 
with maximum 60 psi range should be used to clearly 
show gradations of 1 psi). Generally, the best location 
for the gauge is in the emergency shutoff valve under 
the dispenser where % inch or other small size plugs are 
installed for this oumose. Start the oumo. note the 

. &  . ., 
maximum oressure kenerallv 25 to 35 !xi), seat the Sample calculation: 

30sec X 58"~a~.~(dispensingrate) X '"%d(pipe) = 25ft. check valve, turn ofFthe pimp and obs&d any pres- 
sure drop. If the pressure drops more than 5 psi per 
minute, it indicates the probability of a leak in the line. 
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Repeat the test at least once to ensure against compres- 
sion of entrained air. Any pressure drop less than 5 psi 
per minute is inconclusive as it may be caused by cool- 
ing or a small valve leak. Uncover the pipe for visual 
inspection if the test continues to indicate a leak. 

The preceding test should not be considered con- 
clusive. A change in temperature of the product may 
partially or completely mask a leak. A Kent-Moore test 
or other accurate testing technique is necessary to con- 
clusively test piping integrity. 

’ 

D. THE APPLICABILITY OF TANK TESTS 
TO THE ASSOCIATED PIPING 

Small leaks (0.05 gph) in suction systems may be 
detected by the standard Petro-tite or Sunmark test. 
Since the tank is full and there is no impedance to flow 
out of the tank into the piping system, a leak will be 
detected. 

The Arc0 test can be used to detect leaks in sub- 
merged tnrbine pump (STP) systems. After the normal 
tank test is run, the pump is turned on for 15-30 min- 
utes. The tester will record any loss in product.1 Heath 
Petro-tite also makes a Kent-Moore type of teste: to be 
used specifically on piping systems. 

E. PHYSICAL INSPECTIONS 

The purpose of physical inspections of underground 
tank systems is two-fold ( I )  to detect existing leaks in 
-the tank or its associated piping, and (2):to prevent sud- 
den failure of the tank by performing certain tests that 
determine its tightness and structural strength. Physical 
inspections include the external as well as internal in- 
spections that can be performed on underground .storage 
tanks to detect leaks or determine their integrity. The 
following discussion addresses the various types of 
physical inspections which can be performed on under- 
ground storage systems. 

1. Inspections Prior to Backfilling 

The inspection of a storage tank system prior to 
backfilling is an important aspect of comprehensive tank 
installation procedure. Such physical inspections may 
range from soap tests, which involve soaping down a 
pressurized tank and checking for leaks (bubbles), to 
more detailed internal and external non-destructive tests 
such as ultrasonic tests, spark tests, and deflection mea- 
surements. 

Deflection measurements can be performed inter- 
nally on fiberglass tanks or any other flexible under- 

ground tank that depends on the strength of the underly- 
ing soil for structural support. Such measurements could 
be made to evaluate the structural strength and integrity 
of storage system components. Deflection can easily be 
measured prior to piping installation but might require 
excavation afterward. Guidelines for deflection are that 
2 1% of the diameter is allowable: anything over that 
is unacceptable, because it indicates residual stress from 
improper backfill. 

Other testing techniques such as ultrasonic tests, 
acoustic emissions tests, spark tests and the use of radi- 
ation-type instruments may be used either internally or 
externally to inspect tanks prior to backfilling. These in- 
spection techniques are described in greater detail in 
Part 111, Chapter 6, of this report. 

C 

2. Internal Inspection of Installed Tanks 

Unless underground tanks are contained in an ac- 
cessible vault, external visual inspections are not possi- 
ble without unearthing the tank. However, internal in- 
spections may he performed if the tank is equipped with 
a manhole. The technique that may be used in such in- 
stances include ultrasonic tests and radiation-type tests. 
Spark tests may also be used in tanks that do’not con- 
tain flammable or combustible materials. These inspec 
tion techniques are described in Part 111, Chapter 6. 

Internal tank inspection is inherently hazardous. 
The tank must be emptied of liquid, freed of gases, 
washed and cleaned prior to entering it. As an added 
precaution, a breathing .apparatus and fire-resistant 
clothing should be worn when entering a tank that con- 
tained flammable material. 171. 

3. Checking Tank Bottoms 

Two tests for detecting large leaks in tank bottoms 
are discussed below. Failure to find a leak by these tests 
does not indicate that the tank is leak free, but if they 
do reveal a leak, a more conclusive test becomes un- 
necessary. These tests are as follows: 

Checking the Tank Bottom Under the Fill Tube. 
Experience has shown that many tanks develop leaks in 
a narrow band along the bottom. This is because small 
amounts of water condense out of most liquids, and set- 
tle at the bottom of the tank to cause internal corrosion. 
This problem is often aggravated by gauge sticks hitting 
the bottom of the tank and causing localized corrosion 
and leaks under the fill pipe. “Washing” may also occur 
under the fill tube. Incoming liquid may be able to flush 
a thin film of corrosion off the steel, further exposing 
it to more corrosion. 

To test for such leaks, i t  is necessary to make a 
probe by driving a finishing nail into the end of a gauge 
stick leaving about 3h inch protruding. The gauge stick 
is then used to check for a hok in the tank bottom 
under the fill pipe by probing or “feeling” the bottom 

..- 
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with the nail head. This test test requires a little tech- 
nique that is quickly learned and has been quite success- 
hi. 

Checking for Leaks Along the Bottom of the 
Tank. Leaks along the bottom can be detected by a 
simple test of m<asuring a drop in liquid level. The test 

e 
consists of adding water to the tank and gauging the 
level with finding paste. The test is not conclusive, but 
it will reveal the existence of large leaks in the tank 
bottom. The test can be used with petroleum and other 
lighter-than-water liquids. The test cannot be used how- 
ever if the groundwater table is higher than the liquid 
level. 

4. Checking for Water in Tanks 

Another important inspection that may be per- 
formed regularly is to check for the presence of water 
in the tank. The water content of the tank can be deter- 
mined when gauging the tank both during deliveries and 
inventory checks by using a water-finder paste smeared 
on the bottom portion of the gauge stick. An unaccount- 
able increase in the water level may indicate a tank 
leak, especially if the increase occurs after a heavy rain. 
However, before concluding that the presence of water 
is due to a faulty tank, the fill cap, its seal, and other 
connections should be. checked to insure that they are 
properly in place. 

The presence of water may also be detected using 
a water detector. This device will sound an alarm when 
it comes into contact with the water layer inside the 
tank. The depth of the water layer can be accurately 
measured by raising the probe until the alarm stops [5 ] .  

If a significant amount of water is detected ( i s . ,  
above the pump suction pipe), the tank should be tested 
for leaks. The contaminated water should be pumped 
out and treated as required by local law or pumped into 
a tank truck for proper off-site disposal. 

5. Inspection of Cathodic Protection Systems 
Checking for Water in Tanks 

When the tank or associated piping is equipped 
with cathodic protection, inspection and maintenance of 
the cathodic protection system is essential if it is to 

. function properly and provide lay-term protection. In 
the case of impressed current systems, current may fail 
because of anode deterioration, broken lead wires, re- 
ctifier malfunction or intemption of power. Impressed 
current rectifiers should be checked monthly and ad- 
justed as needed [4]. The output of rectifiers should be 
monitored with a voltage or current indicator. At least 
once a year, tank-to-soil potential measurements should 
be taken to check the adequacy of protection and deter- 
mine if any rectifier adjustments are needed [4]. 

Galvanic anode systems need to be periodically 
tested also. Although there are no electrical components 
to maintain, measurements of tank-to-soil potential and 
anode outputs should be made at least annually [4]. So- 
called “maintenance free” galvanic systems are suscepti- 
ble to the same failures as other galvanic systems (Le,, 
coating loss, broken wire and shorted insulators) [4]. 

On both types of systems a potential 0.85 volts 
tank-to-soil is considered to be adequate protection. 

I 
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Part I1 
CHAPTER 7: 

TEMPORARY CLOSURE, 
ABANDONMENT AND REMOVAL 

OF UNDERGROUND TANKS 

e 

A. INTRODUCTION 

5)  

The use of proper procedures for the temporary or 
permanent closure of underground storage tanks is im- 
portant for several reasons: 

aProduct that is left in the bottom of the tank (e.g. 
below the withdrawal line) will eventually leak 
out, leading to potential environmental contamina- 
tion and health hazard problems. 

*Empty tanks left in place underground may be 
used for illegal storage or disposal of hazardous 
wastes. 

elmproperly closed tanks may be accidently filled 
with a material that is incompatible with the previ- 
ously stored materkdl. 

@Accidental intrusion into the abandoned tank site 
may occur. A classic example of such is children 
playing near an abandoned gasoline storage tank, 
where a casually discarded lit cigarette or match 
can lead to catastrophe. 

@A tank may be reused in a sensitive application, 
such as for food product storage, without being 
properly cleaned and decontaminated. 

*Tanks left empty may eventually collapse. 
@An empty, forgotten tank could pose a long term 

The options a’vailable for the temporary or perma- 

@Temporary closure: the tank and piping system are 
emptied and sealed so as to be “temporarily out 
of service”. 

@Abandonment in place: the tank and piping system 
are emptied and sealed and the tank is filled with 
an inert material. 

@Removal for reuse or disposal: the tank and piping 
system are removed from the ground after being 
emptied. 

The con&erns associated with these closure options are 
presented in the box below. The steps involved in each 
of the closure options arc summarized in Table 2.7-1 
and discussed in the remainder of this chapter, 

threat, such as explosion, if site is excavated. 

nent closure of an underground storage system are: 

B. TEMPORARY CLOSURE 

Underground storage tanks may be considered tem- 
porarily closed or “temporarily out of service” i f  ( I )  
they are idle and in sound condition, and will be re- 
turned to service; (2) they are awaiting abandonment in 
place; or (3) they are awaiting removal from the 
ground. These are typically tanks that are intended to be 
returned to service within two years or are scheduled for 
abandonment or removal within 90 days. 

Temporary closure practices include procedures to: 
eRemove product from the tank. 
C a p  the lines leading into the tank. 
Wecure the tank against tampering. 
The product removal requirements can be met in 

several ways. The best practice in most instances is to 
pump out the residual product and fill the tank with 
water containing a corrosion inhibitor. This practice 
minimizes the possibility of a leak developing while the 
tank lies dormant. In addition, such a practice is neces- 
sary in instances where ballasting is required to keep the 
tank in place due to a high groundwater table. It should 
be noted, however, that when the tank is reactivated for 
service a problem exists with the proper disposal of a 
large volume of contaminated water. This can be trans- 
ported away from the location by a licensed hauler only 
and must be disposed of in a manner which takes into 
consideration applicable regulations governing air and 
water pollution abatement. 

In situations where water fill is not used and the 
stored product was non-flammable, all product should 
be removed from the tank. In the case of flammable liq- 
uids, a sufficient quantity (approximately 4 i?ches) of 
product should be left in the tank to ensure a saturated 
vapor space. This saturated vapor space is needed to re- 
duce the possibility of vapor explosions. 

Concerns Associated With the 
Closure of Underground Storage Systems 

.Monitoring the physical integrity of tanks during 

.Ensuring that product spills do not occur. 
*Ensuring that the possibility of explosions of prod- 

uct vapors or fires are minimized or eliminated. 
.Ensuring that illegal or accidental access to the 

tank is not possible. 
*Ensuring to the extent possible that projected fu- 

ture uses of the site and surrounding environs are 
not adversely affected. 

temporary or permanent closure procedures. 

~ 

Specific information on residual volume amounts to 
ensure saturated vapor space should be available from 
,the liquid manufacturer. 
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Table 2.7-1 

Closure, Abandonment and Removal of'underground Tanks 

Reason for Practice and Relative 
Closure Practice Circumstances of Application Typical Procedures costs 

Temporary Closure 
C'temporarily out 
of service') 

Abandoment in 
Place 

Tank Removal 

For sound tanks intended to be 
returned to service within two 
years or scheduled for aban- 
donment or removal within 90 
days. 

! 
Provides for safeguards against 
tampering or accidental use 
until ultimate fate of tank is 
determined. 

Permanent closure technique 
which avoids cost of tank 
removal. 

Application dependent upon 
tank age and salvage values 
and projected use of site after 
closure. 

For tanks intended for junk- 
ing or reuse. 
May be required by local re- 
gulation or because of the pro- 
jected future use of the site. 

Remove product from tank. The best 
approach is to remove all product and 
fill the tank with water and a corrosion 
inhibitor. In lieu of this: ( I )  remove all 
non-flammable pioduct; or (2) remove 
flammable product, leaving sufficient 
quantity (approx. 4 inches) to assure 
saturated vapor space in tank; or (3) 
empty tank and fill with a CO2 
atmosphere. 
Use concrete cast in place to cap all fill 
and draw-off lines, and cut off power 
to tank pumps. 

Leave any vent lines open 
Remove all liquid possible from tank 
and piping systems. 

Remove or disconnect and plug all fill. 
gauge and product lines and cap. 

Purge remaining product by filling 
tank with water. 

Tank may be opened and filled with an 
inert solid like sand, or be pumped full 
with a grout mixture. 
Remove all liquid from tank and piping 
system. 
Remove all tank connections and tem- 
porarily plug all openings. 

Purge tank of flammable vapors. The 
sequence should be repeated until 
vapors are no longer evident. 
Remove tank from ground. Safeguard 
against tampering (Vapors must be per- 
iodically monitored until final disposi- 
tion. Vapor may be released from 
sludge and scale and again reach explo- 
sive level). 

Relatively 
low costs. 

Relative 
costs range 
from low 
to high. 

Relatively 
high costs. 

121 



In instances where the future use of the tank is to be I 

different from or incomnatible with the cement use. 
1. Abandonment in Place 

product removal practices also include procedures to 
wash down and rinse the tank. 

All fill lines, gauge lines and product lines leading 
to the tank should be capped during the temporary clo- 
sure to prevent casual or accidental use. For example, 
a concrete cap can be poured over the fill line; this cap 
can later be tapped out with a hammer. In addition, all 
power servicing pumpa that are conducted to or 
mounted in the tank should be turned off to prevent ca- 
sual or accidental use. However, vent lines sould be left 
open in the case of flammable liquids to prevent the ac- 
cumulation and pressurization (due to high tempera- 
tures) of explosive vapors. 

In general, the temporarily closed tank should be 
secured against tampering. The use of locked caps or 
concrete caps on all plugged lines, and the isolation of 
the tank area through the use of locked fence are exam- 
ples of precautions which should be taken. 

C. PERMANENT CLOSURE 

The determination of whether to abandon a tank in 
place or remove it for reuse or disposal is dependent 
upon several factors, such as the age and condition of 
the tank, its salvage value, and its potential for reuse. 
Governmental regulations may require tank removal. 
Other factors that are important include the following: 

eTank Location. The depth to which the tank is 
buried and the type of soil in which it is buried 
will affect the ease, and hence, the cost, of tank 
removal. The potential for damage to concrete or 
asphalt traffic surfaces and nearby utilities should 
also be considered. 

oProjected Use of the Site After Closure. If site 
plans call for development that involves excava- 
tion or regrading to the level of the tank, it is very 
likely that the tank will have to be removed. 

eThe Cost and Availability of Labor and Equip- 
ment. Tank removal will require the use of heavy 
equipment and experienced labor. If the cost of 
this labor and equipment are prohibitive, abandon- 
ment in place may be the preferred option. 

OThe Proximity of Disposal Site. The proximity of 
the disposal site can also greatly affect the cost of 
tank removal. Tank transportation costs could be 
prohibitive, making abandonment in place the pre- 
ferred option. 

mRegulatory Requirements. Local laws or ordi- 
nances may require removal of the tank as part of 
any permanent closure procedures. 

Practices for abandonment in place, or on-site clo- 

@Removing all product. 
oDisconnecting all plumbing and controls. 
oFilling the tank with an inert solid such as sand, 

gravel or concrete. This is important to prevent 
subsidence of the ground above the tank if and 
when the tank corrodes or otherwide deteriorates. 

Wapping all fill lines, product lines, vent lines, 
etc. to prevent future entry into the tank. 

More detailed information on on-site closure of un- 
derground tanks is available in NFF'A 30 [ I ]  and API 
Publication 1604 [2]. 

sure of underground tanks must include procedures for: 

2. Removal of Tanks 

Practices for removal of tanks must include proce- 

oRemoving all liquid product. 
eDisconnecting and capping all plumbing and con- 

oTemporarily plugging all tank openings except 

0Removing the tank from the ground. 
QFreeing the tank of all flammable or toxic vapors. 
OTransporting the tank from the site. 
If the tank is to be disposed of, a sufficient number 

of holes should be made in it to render it unfit for 
further use. The reason for making holes in the tank is 
to discourage possible future use of it as a container for 
some edible products that would be contaminated by re- 
sidual deposits of the material that was previously 
stored in the tank. Sources of more information on the 
disposal of storage tanks include NFPA 30 [ I ]  and API 
Publication 1604 121. 

If the tank is to he reused, care should be taken 
to assure that the tank is properly cleaned and that the 
future use of the tank is compatible with the past use. 
For example, a tank that stored gasoline should not be 
used to store a product destined for human or animal 
consumption or a product that reacts adversely with 
gasoline. References for the proper cleaning and reuse 
of underground tanks include NFF'A 327 [6] and API 
Publication 2015 [4]. 

dures for: 

trols. 

.for a 'A inch hole for venting. 
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Part 111 

ABOVEGROUND 
STORAGE SYSTEMS 

INTRODUCTION 

Part I11 of this report describes aboveground stor- 
age facilities for hazardous liquids. The items covered 
in detail in the chapters which follow include: 

.The types of storage tanks available and their ap- 

.Piping and pumping system components and their 

.Spill containment systems. 

.Overfill preventio? systems and their applications. 

.Leak detection through monitoring and inspection. 
ohspection of aboveground storage systems. 
*The closure and abandonment of aboveground 

Much of the information presented in Part I1 of this 
report applies to aboveground storage systems as well. 
In these instances, the reader is directed to the appropri- 
ate section of Part I1 for further detail. A schematic dia- 
gram showing the key components of a bulk storage fa- 
cility is shown in Figure 3-1, 

As was done in Part 11, much of the detailed mate- 
rial presented is drawn from storage practices for petro- 
leum products. Although the basic principles discussed 
are applicable to bulk storage of other hazardous sub- 
stances. specific instaalletions may differ because of dif- 
ferences in the characteristics of chemicals to be stored 
and site characteristics. 

plications. 

performance. 

tanks. 

I24 



Figure 3 

Selected Components of an Aboveground Storage Faciliy 
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Part 111 Atmospheric Tanks Low-Pressure Tanks .~~ 

CHAPTER 1: 
ABOVEGROUND 

STORAGE TANK§ 

A. INTRODUCTION 

Aboveground bulk storage tanks are used to store 
a multitude of chemical and petroleum products. The 
types of storage tanks commonly used fall into two 
broad categories: 

0Atmosphesic tanks. 
elow-pressure tanks. 
Atmospheric tanks are those tanks that have been 

designed to operate at internal pressures in their gas a id  
vapor spaces (area above the stored liquid) approximat- 
ing atmospheric pressure. The Federal Occupational 
Safety and Health Administration defines atmospheric 
tank as follows: 

“Atmospheric tank shall mean a storage tank 
which has been designed to operate at pressures 
fmm atmospheric through 0.5 psig.” [211 

In many instances atmospheric tanks are protected by 
pressure vacuum vents that maintain the pressure differ- 
ence between the tank interior and the outside atmos- 
phere at less than a few ounces per square inch [ I ] .  At- 
mospheric tanks are used for the storage of low volatil- 
ity materials. Crude oils, heavy oils, gas oils, furnace 
oils, naphtha, and gasoline are examples of substances 
that are commonly stored in atmospheric tanks. 

Atmospheric tanks are usually constructed of car- 
bon or alloy steel, or other metals for special services, 
and are either of welded or bolted construction, al- 
though many riveted tanks are still in service [11. They 
may also be constructed of fiberglass-reinforced plastics 
(FRP) or a variety of olefin plastics such as polyvinyl 
chloride (PVC) and polyproplene. However, note that 
OSHA regulations prohibit the use of combustible mate- 
rials of construction (e.g., FRP and plastics) for the 
storage of flammable and combustible liquids [10,211. 

Low-Pressure storage tanks are those tanks that 
have been designed to operate at pressures in their gas 
or vapor spaces exceeding atmospheric pressure, but not 
exceeding IS psig [1,211. These tanks are normally con- 
structed of steel and are usually welded, although some 
riveted tanks are still in service [ I ] .  Low-pressure stor- 
age tanks are preferred over atmospheric storage tanks 
for the storage of liquids such as light crude oils, some 
gasoline blending stocks, light naphthas, pentane and 
other volatile chemicals because of the higher vapor 
pressures of these materials [I]. 

Numerous types of atmospheric and low-pressure 
tanks are available. These include, but are not limited 
to the following: 

Coned-&of tanks Horizontal cylindrical tanks 
Domed-roof tanks Hemispheroidal tanks 
Floating-roof tanks Spheroidal tanks 
Breather-roof tanks Noded hemispheroidal tanks 
Lifter-roof tanks Noded spheroidal tanks 

Figure 3.1-1 displays examples of various types of 
aboveground tanks. For more information on types of 
aboveground tanks, see references 1, 7, and 8. 

The majority of the aboveground tanks used in the 
petroleum industry are of the atmospheric, fixed-roof 
type (e.g., coned-roof or domed-roof tanks) [7]. How- 
ever, larger tanks of this type may be designed with in- 
ternal floating roofs or steel pans. These internal float- 
ing roofs reduce the liquid surface exposed to evapora- 
tion to a minimum, thereby substantially decreasing po- 
tential vapor losses [7]. 

Aboveground bulk storage tanks are manufactured 
in a large variety of sizes and materials of construction. 
They may be of vertical or horizontal designs. Tanks 
that are less than 12 to 15 feet in diameter are generally 
shop-fabricated while those larger than 12 to IS feet in 
diameter are field-erected [6,10,20]. Bulk storage tanks 
may include several compartments for storing differenct 
products or they may be double-walled with the outer 
shell acting as a secondary vessel to contain spills. 

The materials commonly used in the construction 
of aboveground storage tanks include carbon steel, 
stainless steel, FRP and FRP-lined steel. Aluminum and 
concrete tanks are less common. The critical factors to 
consider in the choice of material for an aboveground 
storage tank include the following: 

A .  ~Pressurwserv~ce. 
0Resistdnce to corrosion and chemical attack (com- 

patibility with the stored liquid and the environ- 
ment). 

QStructural strength. 
oInstallation and foundation requirements. 
@Maintenance requirements. 

Some characteristics of materials used for aboveground 
storage tanks are summarized in Table 3.1-1. 

E. TANK LAYOUT 

Regardless of their shape, size and material of con- 
struction, aboveground bulk storage tanks include the 
connections shown in Figure 3.1-2. These are: 

0A fill connection. 
eAn outlet connection. 
CA drain connection. 
OA pipeline connection. 
a A  manway. 
cAn overflow connection. 
mA vent connection. 
a A  level indicator connection. 

The apparatus found on larger tanks also include plat- 
forms, ladders and stairways. 



Figure 3.1-1 

Types of Atmospheric and Low-Pressure Tanks 

i 
CONED ROOF TANK 

, 
Simplest type of atmospheric tonk 
Usually large, field,-erected structure; 

64 feet in height I 
can reach 300 feet in diameter and . Used far storage of liquids with law 
volatility 

FLOATING ROOF TANK 
Atmospherictank 
Usually large, field-erected structure 
Designed toreduce evo orotion losses 
and increase pmtection&-n fire 

NOOED HEMISPHEROID TANK 
I . Low pressure tank 

Usuolly field erected structure 
Used for storage of volatile liquids 

HEMISPHEROID TANK 

Law pressure tank 
Usually large,field-erected structure 
Used forstomge ofvolatile liquids 

,. .... 

CYLINDRICAL TANK 

Low oressure tonk 
Usuo'lly shop-erected and thus restricted 
totranspartoble sizes(e.g 11-12 feetin 
diometerona 60feet In length 1 

SPHEROID TANK 
Low pressuretonk 
usually lorge,field-erected structure; 
can reach 90 feet in diameter 
Used for sioroge of volatile liquids under 
pressure 

i 
I27 
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Table 3.1-1 

Characteristics of Various Types of Aboveground Storage Tanks. 

Type of Pressure Rcsistancc to Protective Relative 
Tank Service Corrosive Attack Coatings and Linings Costs Rmarks 

Carbon 
Steel 
(bolled) 

Carbon 
stecl 
(weldcd) 
Stainless 
SfCCI 

( a m  and/or 
pressure) 
Atmospheric 

Atmospheric 
and low 
prcssure 
Almospheric 
and low 
pressure 

(chcmical compatibility) 

Compatible with petro- 
leum products and 
caustic soda but not 
compatible with mineral 
and oxidizing acids such 
as dilute sulfuric acid and 
concentrated hydrochlo- 
ric. phosphoric or nitric 
acids. 
Samc as above. 

Coatings and lining 
may be applied far 
corrosion rcsistance to 
both the tank and its 
support foundation. 

Same as above. 

Bcttcr corrosion resis- 
lance than carbon stccl. 
depending on grade. 

Generally not uscd. 

Fiberglass- Armoaphoric 
rcinforccd Low-pressure 
plastic tanks available orgmic ehemicillr. Scc 

Compatible with il wide 
rangc of organic and in- 

Not required. 

;a\ special chcmical compatibility 
ordcrs from 
some man- Chapter I .  
uracturers. 

clisrt in Part I I .  

Plastic Atmospheric Vniics dcpcnding on the Not appliuablc. 
typc d plastic. Scc 
discussions ofi’alt 11, 
Chapters 2 and 3. 

LOW Tanks may be horizontal or 
wtical and are generally large. 
VcrliMI tanks require concrete 
pads and horizontal tanks are 
geperaily mounted an steel or 
concrete saddles. 

Low Smaller shop-assembled tanks 
BTG generally welded. Newer 
lawpressure tanks are welded. 

Medium St;linless steel is used in lieu of 
to high costings when the temperature 

depending ofthe liquid store exceeds200O 
on grade F. Stainless steel is also used in 
olsteel. storage situations where pro- 

duct purity is important. such 
as in the food industry. 

Compar- Fiberglass tanks have high cor- 
able lo  rosion resistance but, lack the 
coated structural strength. pcrfor- 
‘stccl. mancc at elevated temperatures 

(above ZOO0 F). or impact 
resistance of steel tanks. Avail- 
able i n  capacities af400-33.000 
gallons. OSHA regulations 
prohibit the use of FRP for 
aboveground storage offlam- 
msble or combustible liquids. 

Law Plastic materials include poly- 
ethylene. polypropylcne. poly- 
vinylchloride (PVC). and acry- 
ionitrile butadiene styrene 
polymers (ABS). While these 
matcrkalr arc used to manufac- 
ture portable and process 
tanks under 3000 gallons, they 
arc generally not used for bulk 
storage tanks because of their 
low StrUctural strength. OSHA 
reeulations prohibit the use of 
plastic for aboveground storage 
of flammable or combustible 
liquids. 
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Concrete Atmospheric 

Aluminum Atmospheric 
and low- 
pressure 

Subject to deleriora- 
tion by corrosive ' 
chemicals. 

High resistance to atmo- 
spheric conditions. in- 
dustrial fumes and 
vapors. and fresh. 
brackish or salt water. 
Attacked by mineral 
acids. but can be used 
with concentrated nitric 
acid (above 82%) and 
sulfuric acid (99%). ' 
Cannot be used with 
strong caustic solutions. 
Compatible with most, 
organic acids. 

Coatings ma9 be High 
applied for corrosion 
resistance to both in- 
terior and exterjor of 
tank. 

plied lo both interior 
and exterior of tank 
for chemical resistance. 

Bonding coatings to 
aluminum is difficult. 

Coatings may be ap- LOW 

* P i w c  d e r  Io Ihc discussion orntorugc proloeol in Part i for morc details on ehcmkoi campdfibiiily. 

Concrete tanks are generally 
not used for the storage of 
petroleum and chemical 
products 

Aluminum tanks lack the struc. 
tural strength of steel. 
Aluminum rapidly loses its 
structural strength at tempera- 
tures above 3WF. Aluminum 
retains its structural strength 
well at low temperatures: it can 
be used down to -420°F. 

I 

c 
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Figure 3.1-2 

Aboveground Tank Connections 

a) Side view showing the fill connection, pipe 
line outlet connection, drain connection, drain- 
age sump, and tank cleanout. 

b) Perspective drawing showing the fill connection. pipe line outlet connec- 
tion. drain connection, overtlow connection. and vent connection. 

Source: API RP IZRe. API Riw)ritritcit~ld Prucrices j b r  Seftirig, Comtect- 
01s. Moitrrert~trtcr rord Openttiort (fl Lcuse Trtrrk.~. I98 I . 
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As shown in figure 3.1-2, the fill cor;nection is 
typically located at the top of the tank, above the over- 
flow connection. A drop tube running from the fill con- 
nection to the bottom of the tank is,often included in 
the design, This feature is intended to prevent splashing 
PI. 

The drain connection is typically the lowest piping 
connection in the tank, and is usually located in the 
tank wall 4-6 inches from the bottom of the tank. This 
4-6 inch clearance between the connection and the tank 
edge is required by tank manufacturing standards and 
specifications, and varies depending upon the type of 
tank (e.g., atmospheric vs. low-pressure) [6,13,16, 

The tank may also include a cleanout as shown in 
Figure 3.1-2. This connection permits physical access to 
the inside of the tank for complete drainage andlor 
sludge removal [6,I6,17,18,19]. 

In some tanks, particularly large, field-erected 
tanks, a drainage sump may also be provided inside the 
tank. In these instances, the tank bottom is sloped to- 
ward the collection sump, and the drain line extends 
into the sump. This permits easier and more complete 
drainage of the tank prior to physical entry [6,19]. 

The pipe line connection or outlet connection is 
typically located opposite the drain line connection, at 
a slightly higher elevation [6,19]. The higher elevation 
and location of this connection limits the likelihood of 
entraining sludge or other product contaminants into the 
tank output. 

As shown in Figure 3.1-2, the overflow connec- 
tions are located helow the fill connections, typically 6- 
12 inches below the top edge of the tank shell [6,19]. 
The overflow connection requires careful sizing. Tanks 
have been split open by overpressurization due to in- 
adequate overflow vents. The vent connection is typi- 
cally located on the roof of the tank, and is sized to 
handle the maximum air flow resulting from normal 
thermal effects and liquid movementinto and out of the 

In most instances, storage tanks.are also;fitted with 
a manhole, typically 20-36 inches in diameter [l3]. This 
manway is conveniently located at the side or top of the 
tank to permit easy access  into the tank. 

A level control probe connection may also be in- 
cluded in the tank design. This connection is typically 
located on the side or top of the tank, dipending on the 
tank configuration and the type of level device used. 
See Chapter 6 of this part of the report for more details 
on these devices. 

18, 191. 
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Many areas of New York State are adopting vapor 
control systems for gasoline, in order to reduce the 
level of ambient ozone in the air. The operating,princi- 
ple is that the space in an empty tank is filled with satu- 
rated vapor. When a delivery is made, that vapor is dis- 
placed by the incoming liquid. If these hydrocarbon 
vapors are expelled into the atmosphere, I )  they in- 
crease the ambient hydrocarbon level and, 2) the ozone 
level is raised due to reaction of the air with hydrocar- 
bons. 

When gasoline is delivered to a service station 
using vapor control, the vapor displaced is expelled into 
the tank truck. When the tanker is then reloaded, the 
vapor is displaced into a vapor control system. These 
systems are classified in six “design concept” 
categories. 

1. Incineration or Flame Oxidation 
2. Compression - Refrigeration - Condensation 
3. Compression - Refrigeration - Absorption 
4. Lean - Oil Absorption 
5. Adsorption - Absorption 
6. Refrigeration 

Incineration or Flame Oxidation. The air-vapor 
mixture is displaced to a vapor holding tank. The mix- 
ture is then released to the oxidizer, where at critical 
levels it is mixed with propane as well as properly me- 
tered air stream and combusted. 

Compression - Regrigeration - Condensation. 
The air-vapor mixture is compressed in a two-stage 
compressor with an inter-stage heat exchanger. The 
compressed hydrocarbons pass through a condenser 
where they are cooled and condensed. They are then re- 
turned, along with condensate from the heat exchanger, 
to the tank. Air is vented from the top of the condenser. 

Compression - Regrigeration - Absorption. The 
air-vapor mixture is compressed and passed through a 
condenser where, as above, it is cooled and condensed. 
These now cooled and condensed vapors are contacted 
by chilled gasoline (either by a liquid bath system or by 
sprayers). The air is vented above the absorber. 

Lean - Oil Absorption. The air-vapor mixture 
from the loading rack is displaced through the packed 
absorber column where it  is absorbed by cascading lean 
gasoline. Lean gasoline is gasoline with the light hydro- 
carbon components evaporated off. The lean gasoline is 
used at atmospheric temperature and pressure. The 
stripped air-vapor mixture is vented from the top of the 
absorber, 

Adsorption - Absorption. The air-vapor mixture 
enters the base of one of the two activated carbon- 
packed columns. As the mixture ascends through the 
column, the hydrocarbons are adsorbed into the carbon. 
When the first column is approaching its saturation 
level, the air-vapor mixture flow is transferred to the 
second carbon-packed column. The hydrocarbons col- 
lected in the first column are now desorbed from the 
carbon and absorbed into a gasoline bath column. The 
air is run  back through the carbon and vented on top. 



Refrigeration. Methylene chloride brine is pumped 
through finned tube sections of a vapor condenser at 
temperatures in the order of - 90°F to - 100°F. The 
air-vapor mixture is passed over the finned tubes. The 
moisture contained within the mixture condenses on the 
plate fins. Condensed hydrocarbons are collected at the 
bottom of the vapor condenser. These are then returned 
to the tank. 

C. STORAGE TANK MATERIAL§ 

1. Carbon Steel Tanks 

Because of their strength and fire resistance, car- 
bon steel tanks (also called mild steel) are widely used 
for the storage of chemical and petroleum products 
aboveground. It is used almost exclusively for tanks 
over 30,000 gallons. These tanks are considered com- 
patible with a wide variety of liquids, including 
gasoline, kerosene, fuel oil, concentrated sulfuric acid, 
sodium hydroxide and methanol. (Refer to Appendix A 

Chemical Compatibility Chart of Materials and Table 
1.2-8 for more information on chemical compatibility). 

Several grades o f  carbon steel are manufactured, 
however, their chemical and physical properties do not 
vary significantly [XI. For additional information on the 
properties of carbon steel, refer to Part 11, Chapter 2. 

Corrosion is the primary cause of deterioration of 
steel storage tanks and accessories; therefore, corrosion 
protection and regular inspections are necessary to pre- 
vent premature failure. 

External Corrosion. Atmospheric corrosion can 
occur on all external parts on. an aboveground tank. 
This type of corrosion may range from negligible to se- 
vere, depending o n  the atmospheric conditions of the 
locality. For example, a sulfurous or acidic atmosphere 
can destroy protective coatings and increase the rate of 
c~irrosion. The external surfaces of a steel tank and its 
auxiliary equipment will corrode more rapidly if they 
are not protected with paint or other protective coatings, 
or with cathodic protection. Any depressions or pockets 
in which water can lie for long periods will be points 
of concentrated corrosion. 

The type of steel tank and the construction details 
used can affect the location and extent of external corro- 
sion. Riveted tanks, for example, offer many niches 
where concentrated corrosion may occur. Leaks at 
seams of riveted tanks often destroy paint films around 
the leaks. External corrosion may then take place. Soil 
corrosion also typically occurs at the grade line of tanks 
built partly below grade or where soil movement has 
raised the grade level to cover the lower portion of the 
tank shell [I]. 

External corrosion of steel tank bottoms can also 
be a serious problem. The materials used to form a pad 
under the. bottom may contain chemical compounds that 
'are corrosive. For example, cinders containing sulfur 

compounds become very corrosive under moist condi- 
tions. Faulty pad preparation with poor drainage may 
also precipitate corrosion by allowing water to remain 
in contact with the bottom, If a tank leaks corrosive ma- 
terial through the bottom, accumulation of the material 
can cause external corrosion of the tank bottom. For 
tanks that are supported above grade, improperly sealed 
foundation piers or saddles may allow moisture to ac- 
cumulate between the tank and the supports and acceler- 
ate corrosion at such points [I] .  

Internal Corrosion. Internal corrosion of storage 
tanks depends on the contents of the tank and the con- 
struction material (i.e., type of steel). The most severe 
corrosion occurs in tanks used for storing corrosive (to 
steel) chemicals or petroleum products containing corro- 
sive (to steel) compounds [I]. See Table 1.2-8 and Ap- 
pendix B for more information on chemical compatibil- 
ity. 

Internal corrosion can occur in the tank vapor 
space or in the area covered by liquid. Corrosion in the 
vapor space of these tanks is most commonly caused by 
hydrogen sulfide vapor, water vapor, oxygen or any 
combination of the three. In the areas covered by the 
stored liquid, corrosion is most commonly caused by 
acid salts, hydrogen sulfide, or other sulfur compounds 
P I .  

Other forms of internal corrosion found in carbon 
steel tanks are electrolytic corrosion, hydrogen blister- 
ing, caustic embrittlement, graphitic corrosion of cast 
iron parts, and. dezincification of brass parts [I]. For ad- 
ditional information on the process of corrosion refer to 
the discussion in Part I. 

Design and  Construction of Aboveground Car- 
bon Steel Tanks. Two basic types of fabrication tech- 
niques are presently used to construct carbon steel 
tanks: these are welding and bolting. Riveting was a 
commonly used technique some years ago, and many ri- 
veted aboveground tanks remain in service today [I] .  
Depending upon their size, steel tanks may be shop-fab- 
ricated or field-erected. The break point is usually deter- 
mined by ease of transport: typically, tanks greater than 
15 feet in diameter are field-erected. 

The American Petroleum Institute (API) has de- 
veloped a series of standards and specifications for the 
construction of carbon steel tanks. These standards and 
specifictions' are listed, with brief descriptions, in Table 

Underwriters Laboratories, Inc., has published the 
following tank standard UL 142, Steel Aboveground 
Tanks for Flammable and Combustible Liquids. This 
document covers horizontal tanks up to 50,000 gallons, 
and vertical tanks up to 35 feet in height. Some of the 
recommendations of UL 142 regarding maximum diam- 
eter, maximum wall thickness, maximum tank height, 
etc., are presented in Tables 3.1-3, 3.1-4 and 3.1-5 
1151. 

The UL standards overlap the API standards, but 
include tanks that are smaller than those covered by the 
API standards. The Underwriters Laboratories standards 

3.1-2 [6,13,16,17,18,19]. 
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Table 3.1-2 

Current Publications of the American Petroleum 
Institute Pertaining to Storage Tanks 

Spec 128: Spccilicntion :lor Boiled Tinks lor 
S ~ O ~ W C  uf Produetinn i.iquids. I 
Coven material. dssiao. fabrication. and Lesting 
rwuircmenu lor ~ert icsl .  eylindricnl. above. 
ground. eloscd 2nd open top. holmd steel sLamge 
tank6 in t w m i d  ezprdtia of LO0 La lU,Wll bbi 
lin strmlnrd iizesl. Also 1ncl"der i)ppurtunawe 
I.U"il.mc"t5. 

Spec i2D: Sp&ilieation for.Field Welded Tnnke for 
Storage of I'raductinn Liquids. 
Covers mzteriai. ds&. fzbrirstim. and tatinp 
rauircmenu for veitieal, e~iindrienl. above. 
ground. closed top. field welded step1 smage 
tanks in nominal eapscitiea of 500 to i0.wO bbi 
(in standard sizes). 

Covers material. design. fabrication. and testing 
rauirommu far rhap@bricsted vertieai. eyiin. 
dr iu i ,  itweground el& top. shop-welded steel 
litorage tanks in nominal eapacitier of 90 w 5W 
bbi (in standard iiresl. 

Std 620: Recommended Rulra far Deaign and 
Canalruetian of Large. Welded. Law-Preasurr 
SLanpe Tanks. 
Thee  rule3 CWCI the design nnd eonstmetion a1 
Isr8~.  welded. field.wambled $Larage tank, wed 
for petroieum intermdialen and finished pmd. 
"eta Opemled I t  a p l l  PIwUrc of 15 psig and 
I-, dawn to i n  int~rn8.i K- preuure el- w 
stmospherie preuure. which are not now p m  
vided for in  API Sld 660. 

Std 650: Welded Steel Tmks lor Oil Sbnge. 
This standard covers materinl. design. fabrica- 
tion. erection. and tealing muiremenu for 
vertical. eyiindrieni. sbaveerwnd: cla$ed. and 
o ~ 1 1 . w ~ .  welded rtcel imraae tank.. in vsriovs 
sizes and eapaeitiei. for internal prewres  a p  
pmximrinq mmsphcrie prprrurpr. also indudes 
an aiternate baris for h e l l  design. as well ag one 
far ~ ~ l e u l ~ t i n a  tank shell thiekneso. 

SUI 2000: Venting Atmospheric and Law-Prea~urr 
SUrage Tanka. 
This standard applies to the norms1 and emergen- 
cy venting requiremenet for aboveground liquid 
petroleum stomp ranb and abDwgmund and 
bdowgmund refrigerated SUIIPKB tanks deripned 
!a operate from K 01. per Iq. in. vacuum through 
15 wig pressure. The requiremen& of the 
itnndard do not apply .La fla*linl(- or iiftewarf 
tankr 
2 W 3  Pmteetion Against ignitions Arising Out 
of Static. Lightning and Stray Curmnu. 
Described in this publieation are some of the 
conditions which have resuited in oil firer ianited 
by eiectricsi sparks and arcs from so.eallcd 
natumi ~nuses, ar weil sa the methods which the 

RP 

sod 2560 lA5TM D i220.65l1751.t Mc~avrrmrnl  
and Calibration a l  Uprrghl Cylindrieai Tanka. 
1966 (ANSI Zll.197.t97ii IRcdoim.ud 
Chancer 2.2.2. API  >lanus1 01 Pmralcvm 

Std 2555  (ASTM D 1406~65X751: Liquid Caiibra. 
tfon ol Tanks. 1966 (ANSI  Z11.202-1911) 
1Rederimnled Chapter 2.6, A P I  Manual of 
Petmicum Measurement Standards1 
This standard describer the standard praeedure 
far calibr~tinp. hnks. o r  POlfionl of ranks. I B I R C I  
than a barrel 01 drum b? intrcdueins or 
withdrawing mearmed quanlilies of liquid. 

Guide tor Inawetion 01 Refinery Equioment. Chap 
ler XIl l .  Atmospheric nnd Low-Prrarurr 
Storage Tanks. 
This ehsprer covers the inspection of rzmospherie 
swmgc tanks which haw been designed ta 
opeme at pie~sures from itmaipherie through 
0.5 psig, and of low-premie ~mrage tanks which 
have heen designed La operate at p~essures shove 
0.5 psig through. hut not OYPI. 16 psig, Such 
detoik as i e a ~ n ~  for inspeelion. frcqueney and 
time of inrwction. methcds of inspection and of 
repair. and rovlrds are m e  of Lhe principal 
iwms included. 

RP i2R1: Recommended Praetiee for Sellins, 
Conneetins, Moinlennnec and Operation of 
Lea- Tanks. 
A e idr  Lor new tank hanew msa\i%tims and 2 

guide for r w ~ m p i n p  oxtstinu batteries if thls i s  
neeerrary for m y  mason. 

..IDI~L swndsrdr far which A5l'kt hu pmmr remonsah>liV. 
fJnni sund.rdr lor rhirh APL has ilrtrnr re$!mwLci#tr. 

Source: API Specifications 12F, API Specification for Shop Welded Tanks for Storage 
of Petroleum Liquids, 1977. 

I 
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, 
are, however, not as detailed as those of API, and 
therefore put more responsibility on the designer [SI. 

Other sources of specifications and standards for 
the design and construction of aboveground steel tanks 
include the American Society of Mechanical Engineers 
(ASME), the American National ' Standards Institute 
(ANSI), the American Iron and Steel Institute (AISI), 
the American Society for Testing and Materials 
(ASTM), the National Fire Protection Association, 
(NFPA), and the American Welding Society (AWS). 
The addresses of these organizations are given at the 
end of Part 11, Chapter 1 of this report. The reader 
should refer to these organizations, the API and UL 
standards described above, and specific manufacturers' 
data for more complete information on tank design and 
constructioti. 

Table 3.1-3 

Underwriters Laboratories Requirements for 
Metal Thickness of Horizontal Steel Tanks 

Maximum 

U.S. Gallons Inches of Steel 
Capacity. Diameter. Thickness 

550 o r  less 48 12 gauge(0.105 inches) 

551 - 1100 64 I 0  gauge (0.135 inches) 

1101 -9000 76 7 giiusc (0.179 inches) 

I101 - 350w I44 '/a inch 

3500 I - 500w I44 % inch 

Source: 
I h i a  material is baaed on and taken. with permission, 
fronl Undcrwritcrs Laboratorics h e .  Standard for 
Safety for Steel Ahoveground Tanks for Fl;immableand 
Conibuztiblc I.iquida. Ul. 142. Copyright 1972 Steel (by 
Underwriters l.iiboratories Inc.).copies 01 which may be 
purchascd irom Undcrwritcrs 1.aholrotorics Inc. Publica- 
tion Stock. 333 I'lingstcn Road.  Northhrook. Illinois 
hOOb? 

NOW: 
111. rhall not he rcspmisihlc to a n p n c  for thc LISU of or  
rclkincc upon 111. Stiindard h j  nnyonc. 111. shall not 
incur ; i n ) .  oblig:ition or 1i:ihilit) for d;ini;iycs. including 
conscqucntial damagcs. arising out of or in connection 
with the use. intcrprctation of. or rcliancc'upon 11 111. 
St;indard. 

Table 3.1-4 

Underwriters Laboratories Requirements for , 
Metal Thickness of Vertical Steel Tanks 

Capacity 
US. Gallons Thickness of Steel 

Shell Bottom Top 

I100 or less I2 gauge 12 gauge I2 gauge 

Over I100 7 gauge* 5 inch 10 gauge 

* Foratankmorethan25feetin height,ailpartsof 
the shell located more than 25 feet helow the top 
edge of the shell shall not be less than 1/4 inch. 

Source: 
This material is based on and taken, with permission. 
from Underwriterr Laboratories Inc. Standard for 
Safety for Steel Ahoveground Tanks for Flammable 
and Combustible Liquids, U L  142, Copyright 1972 
(by Underwriters Laboratories Inc.). copies of 
which may be purchased from Underwriters Lab- 
oratories Inc.. Publication Stock, 333 Pfingsten 
Road, Northbrook, Illinois 

Note: 
ULshall not be responsib~etoanyoneforthe use of 
or reliance upon U L  Standard by anyone. U L  shall 
not incur any obligation or liability for damages. 
including consequential damages. arising out of or 
in connection with the use. intcrprctation of, or 
reliance upon a U L  Standard 

2. Stainless Steel Tanks 

Stainless steel tanks are used primarily when prod- 
uct purity, and temperatures above 200°F are critical 
factors. For example, stainless steel tanks are widely 
used in the food processing industry. There is a variety 
of types of stainless steels, descriptions of .which are de- 
tailed in the Chemical Engineers' Handbook [SI. 

Stainless steel materials normally exhibit excellent 
corrosion resistance to mild alkaline solutions, most pe- 
troleum products. and many chlorinated organics. These 
materials are not recommended for use with strong min- 
eral acids, such as aqua regia. chloracetic acid, hydro- 
chloric acid and sulfuric acid, whether strong or dilute. 
For more information on the compatibility of stainless 
steels with various chemicals, please refer to Appendix 
B. 

Stainless steel tanks tend to 'be more costly than 
other alternatives. such as lined carbon steel [91. How- 
ever, commonly used linings degrade at temperatures 
above 150-200°F [SI. 
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Table 3.1-5 

Miscellaneous Requirements for 
Steel Tank Fabrication 

- Theoverall lengthofa horizontal tankshall no! 
be greater than six (6)  times its diameter. 

- The minimum diameter of a vertical,tank shall 
I 

- The shell height of a vertical tank shall not be 

not be less than one quarter of its height. 

more than thirty five (35) feet. , 
Source: 
This material is based on and taken. with per- 
mission, from Underwriters Laboratories Inc. 
Standard for Safetyfor Steel Aboveground Tanks 
for Flammable and Combustible Liquids. UL 142. 
Copyright 1972 Steel (by Underwriters Labor& 
tories Inc.). copies of which may be purchased 
from Underwriters Laboratories Inc.. Publication 
Stock. 333 Pfingsten Road. Northbrook lllinoi: 
60062 

Note: 
ULshall not be responsible toanyonefortheuseof 
or reliance upon a UL Standard by anyone. U L  
shall not incur any obligation or liability for 
damages. including consequential damages, arising 
out of or connection with the use. interpretation 
of, or reliance upon a UL Standard. I 

3. Fiberglass-Reinforced Plastic 

Aboveground fiberglass-reinforced plastic (FRP) 
tanks are widely used for the storage of liquid chemicals 
that are not combustible or flammable. The chemically 
inert properties of FRP enable it to handle a large 
number of corrosive chemicals safely. Some of the liq- 
uid chemicals commonly stored in FRP tank; are listed 
in Table 3.1-6 [IO]. 

FRP tanks are manufactured in horizontal and ver- 
tical configurations in sizes ranging from 400 to 33,000 
gallons [IO]. Performance factors for various types of 
FRP tanks are shown in Table 3.1-7. These tanks are 
typically designed with a 25 pound per square foot (psf) 
snow load limit, and in some parts of New York State 
this may preclude their use. The snow load limit should 
therefore be ascertained from the tank manufacturer to 
insure that it is in accordance with Section A304-3 of 
the New York Building Code, For additional infoma- 
tion on the characteristics and uses of FRP tanks. refer 
to the discussion in Part 11, Chapter I .  

Table3.1-6 

Liquid Chemicals Commonly Stored in 
Aboveground Fiberglass Tanks 

Acetic Acid Lead Sulfate 
Alum Lime Slurry 
Aluminum Chloride Liauid Sdear 
Aluminum Nitrate Lit'hium Choride 
Aluminum Sulfate Lithium Sulfate 
Ammonium Chloride Magnesium Carbonate 
Ammonium Hydroxide Magnesium Chloride 
Ammonium' Nitrate Magnesium Nitrate 
Ammonium Phosphate Magnesium Sulfate 
Ammonium Sulfate Mercuric Chloride 
Arsenic Acid 
Barium Carbonate 
Barium Chloride 
Brine 
Calcium Carbonate 
Calcium Hydroxide 
Calcium Hypochlorite 
Calcium Sulfate 
Citric Acid 
Copper Acetate 
Copper Chloride 
Copper Nitrate 
Copper Sulfate 
Ethyl Alcohol 
Ethylene Glycol 
Ferric Chloride 
Ferric Nitrate 
Ferric Sulfate 
Ferrous Chloride 
Ferrous Sulfate 
Fluorosilicic Acid 
Formaldehyde 
Glycerin 
Glycol 
Hydrochloric Acid 
Hydrofluorosilicic Acid 
Latex Emulsions 
Lead Acetate 

Nickel Chloride 
Nickel Nitrate 
Nickel Sulfate 
Nitric Acid 
Nitrous Acid 
Paraffin 
Peanut Oil 
Phosphoric Acid 
Polyvinyl Chloride 
Potassiuni Aluminum 

Potassium Bromide 
Potassium Carbonate 
Potassium Chloride 
Potassium Dichromate 
Potassium Hydroxide 
Potassium Permanganate 
Potassium Sulfate 
Silver Nitrate 
Sodium Chloride 
Sodium Hydroxide 
Sodium Hypochlorite 
Sulfuric Acid (dilute) 
Vinegar 
Water 
Zinc Chloride 
Zinc Nitrate 

Sulfate 

Source: Owens Corning Fibcrglu Corp.. Fibcrglar Tmkrior 
Liquid Chcmicalr. 1980 
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Table 3.1-7 
Performance Factors for 
Various Types of Fiberglass Tanks 

r 

Sld. 
SIC. Dish. Under- 

Vertical bollom Horizontal ground 
Tank Tank Tank Tank 

Snow load limil 25 Ibs. osf. 25 Sos. Psi. 25 Ibs. PSI. N.A. 

Pressure Slandard Czsign tanks must be vented. They 
are not oesi~ned for pressure aoplications: 

Source: Owens-Coming Fiberglas Corp., Fiberglas Tanks for  
liquid Chemical, 1980. 

4. Plastic Tanks 

Polyolefin plastics such as polyvinyl choride and 
polypropylene are used to manufacture storage tanks in 
capacities ranging from a few hundred to a few 
thousand gallons. They are particularly applicable for 
use as small (under 3000 gal.), portable storage tanks. 
However, as a rule, mechanical stress, elevated temper- 
ature, and extended exposure affect the service life of 
plastic tanks. 

Plastics are compatible with a wide variety of 
chemical substances at ambient temperatures including 
dilute solutions of hydrchloric acid, nitric acid, and sul- 
furic acid; sodium hudroxide and other strong alkalies; 
and many organic chemicals. They are not recom- 
mended for use with concentrated mineral acids, aroma- 
tic hydrocarbons, and chlorinated hydrocarbons, and are 
not approved for the storage of flammable and combus- 
tible liquids. 

Table 3.1-8 is a partial listing from a chemical 
compatibility chart for one specific type of polyolefin 
plastic. The purpose of the chart is to emphasize the 
fact that the compatibility between the plastic tank and 
the stored chemical can vary with type, concentration, 
and temperature of product stored. 

5. Concrete and Aluminum Tanks 

Concrete tanks are generally limited in their use for 
the storage of petroleum and hazardous chemicals. Con- 
crete tanks have poor chemical resistance, and are gen- 
erally costly to fabricate and install. They cannot be 
shop-fabricated except in relatively small sizes. They 
are considerably heavier than steel or fiberglass tanks of 
the same capacity and consequently require stronger 
foundations. However, lined concrete tanks are applica- 
ble for chemical storage in certain instances. For exam- 
ple, coatings have been applied to concrete tanks that 
are resistant to many organic and inorganic acids, al- 
kalies, and salts. OSHA regulations have approved the 
use of unlined and lined concrete tanks with certain 
limitations: 

"Unlined concrete tanks may be used for stor- 
ing flammable or combustible liquids having a 
specific gravity of 40" API or heavier [mea- 
surement of specific gravity]. Concrete tanks 
with special linings may be used for other ser- 
vices provided the design is in accordance with 
sound engineering practice." [21] 



Table 3.1-8 

Partial Chemical Compatibility Chart for 
One Type of Polyo lef in  Tank 

S = Sat is fac to ry  U = Unsat is factory  M = Marginal N = Unknown 

Some reagents are marked w i t h  an a s t e r i s k  (*). 
c a l l y  r e s i s t a n t  t o  these agents, excess temperatures and pressures can under c e r t a i n  condi- 
t i o n s  lead t o  s t ress  cracking. 

On reagents marked marginal, chemic'al a t tack  w i l l  be recognized by a loss o f  phys ica l  
p roper t ies  of the container. 

Although cross- l inked p o l y o l e f i n  i s  chemi- 

Reagent 

Acet ic  Acid" 1-10% 
Acet ic  Acid* 10-60% 
Acet ic  Acid" 80-100% 
Acetone 
Ammonium Chloride S a t ' d  
Arrmonium F luor ide  20% 
Amyl Acetate 
Amyl Alcohol* 100% 
Amyl Chloride 100% 
A n i l i n e  100% 
RpF.p 

B G e n e  
Calcium Carbonate Sat 'd  
Calcium Chlorate Sat 'd  
Calcium Chloride Sat 'd  
Carbon Tetrachlor ide 
Carbonic Acid 
Chlor ine L i q u i d  
Chlorobenzene 
Chloroform 
Chrome Alum Sat'd 
Copper N i t r a t e  Sat 'd  
Copper Sul fa te D i l u t e  
Copper Su l fa te  Sat 'd  
Cychohexanol* 
Cyclohexanone 
Detergents Synthetic* 
Disodium Phosphate 
Ethy l  Acetate 100% 
Ethy l  Alcohol* 35% 
Ethy l  Alcohol* 100% 
Ethylene Chloride 
F e r r i c  Sulphate 
Ferrous Chloride Sat ld  
Formaldehyde* 40% 
Fructose S a t ' d  
F r u i t  Pulp 
Gasoline* 
Gin 
Glucose 

70'F. 14OOF Reagent 70°F 140OF (m) rn) 
5 5 

(m) rn) 
S ' S Hvdrochloric Acid 10% 
s 
s 
5 
s 
s 
s 
s 
N 
s 
S 
s 
s 
s 
s 
M 
s 
M 
M 
M 
s 
S 
S 
5 
5 
M 
s 
5 
s 
5 
5 
N 
5 
s 
5 
s 
s 
5 
s 
S 

M 
M 
M 
s 
s 
M 
s 
U 
N 
s 
M 
s 
5 
5 
U 
S 
U 
U 
U 
s 
s 
s 
5 
5 
U 
S 
s 
M 
s 
S 
U 
S 
5 
N 
s 
5 
U 
U 
U 

Hjldrochloric Acid 30% 
Hydrochlor ic  Acid 35% 
Hydrochloric Acid Conc. 
Hydrogen Bromide 10% 
Hydroquinone 
Lube O i l  
Methyl Ethy l  Ketone 100% 
Methylene Chloride 100% 
N i t r i c  Ac id 0-30% 
N i t r i c  Acid 30-50% 
N i t r i c  Acid 70% 
N i t r i c  Acid 95-98% 
Nitrobenzene 100% 
Phenol 30% 
Propyl Alcohol* 
P l a t i n g  Solut ions 

Brass" 
Cadmium* 
Chromium 
Copper 
Nickel*  

Potassium Carbonate 
Potassium N i t r a t e  Sat 'd  
Potassium Perchlorate 10% 
Propyl Alcohol" 
Rayon Coagulating Bath* 
Sodium B i s u l f i t e  Sat 'd 
Sodium Borate 
Sodium Bromide D i l u t e  Sol. 
Sodium Chloride Sat 'd  
Sodium Hypochlori te 
Sodium N i t r a t e  
Sodium Su l fa te  
Tannic Acid* 10% 
Tanning Ext racts*  Comm. 
Toluene - Under 50% 
Toluene - Over 50% 
Trisodium Phosphate Sat 'd  
Whiskey* 
Xylene 

5 S 
s s 
5 s 
5 5 
5 s 
S M 
s U 
M U 
s s 
5 M 
S M 
U U 
U U 
5 U 
5 s 
s 5 
5 S 
N N 
5 5 
5 5 
s s 
5 S 
s 5 
s s 
s s 
5 S 
s 5 
5 S 
s s 
s s 
5 5 
s 5 
5 s 
s s 
5 s 
M U 
5 5 
s N 
M U 
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Aluminum tanks are also limited in use, primarily 
because of the material's low structural strength. How- 
ever, aluminum does have high resistance to atmos- 
pheric conditions; fresh water, and certain hazardous 
chemicals such as concentrated nitric acid (above 82%) 
and sulfuric acid [8 ] .  Thus, aluminum may be useful in 
certain situations. 

D. COATINGS, LININGS AND 
CATHODIC PROTECTION 

Coatings, linings, and cathodic protection may be 
applied for corrosion protection to aboveground as well 
as underground tanks. Factors that affect the effective- 
ness and durability of coatings and linings include the 
following: (I) compatibility of the lining with the prod- 
uct stored; (2) compatibility of the coating with the en- 
vironmental conditions (e.g., climate, plant environ- 
ment); (3) preparation of the tank metal surface; (4) ap- 
plication technique; ( 5 )  curing requirements; and (6) 
testing and inspection of the applied lining or coating. 
Refer to Part 11, Chapter 1 for additional information on 
the application of coatings and linings. 

The external surfaces of aboveground tanks may 
also be protected against corrosion with cathodic protec- 
tion [ I ] .  For additional information on cathodic protec- 
tion systems, refer to Part 11, Chapter 1.  
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Part I11 
CHAPTER 2: 

ABOVEGROUND 
PIPING SYSTEMS 

A. INTRODUCTION 

The components of the piping or liquid conveyance 
systems for aboveground bulk storage facilities include 
culverts or drainage ditches, pipes, valves pumps, and 
their associated connecting joints and fittings. These 
components represent a major potential source of leaks 
and spills due to corrosion, physical breakage or failure, 
or loose connections attributable to improper installa- 
tion, wear, or misalignment. 

In Part 11, Chapter 2 of this report, the causes and 
methods of preventing product leaks and spills from un- 
derground piping systems were discussed. The chapter 
addresses leak and spill prevention in aboveground pip- 
ing systems. The discussion focuses on the different 
types of piping systems, valves, and pumps found in 
aboveground facilities. 

B. CAUSES AND METHODS 
OF PREVENTING LEAKS 

The major causes of leaks and spills from piping 
Systems have been discussed in detail in Part 11, Chapter 
2 of this report. These causes include improper installa- 
tion of piping system components, and deterioration of 
these components due to corrosion’, wear, or mechanical 
failure. 

Leaks and spills from piping systems can be pre- 
vented through proper design and installation of piping 
systems, periodic testing and inspection of system com- 
ponents, and timely replacement of defective, damaged, 
or worn out parts. 

1. Proper Design and Installation 

As discussed in Part II, Chapter 2, piping systems 
must be designed and installed properly if they are to 
perform effectively. The design and selection of compo- 
nents for a piping system depend upon the intended ser- 
vice. The piping system components must have suffi- 
cient physical strength, they must be sufficiently large 
to handle the intended flow rates, and they must be able 
to withstand .such phenomena as internal and external 
corrosion, thermal loadings due to freeze-thaw cycles, 
and the physical loads that result from surges of liquid 

flow. 
Proper installation is an equally important require- 

ment. All piping system components must be properly 
joined (Le., with tight connections). They must also be 
properly supported through the use of anchors, hangers, 
or other supporting elements so that they can withstand 
the mechanical loads that are transmitted through piping 
systems during normal operation. These include weight 
loads, shock and vibration loads due to liquid flow, and 
temperature-induced loads, such as those due to thermal 
expansion or contraction of pipelines. Table 3.2-1 pre- 
sents a list of important points that should be considered 
in the installation of piping system components. 

2. Periodic Inspection 

Periodic inspection of piping systems is an impor- 
tant aspect of any spill or leak prevention program. In- 
asmuch as leaks in piping systems may result from 
mechanical failure and the deterioration of equipment, 
periodic inspection is an important means of insuring fa- 
cility safety and reliability. 

There are many in-service inspection techniques 
available for accessible aboveground piping system 
components. These include visual inspection and thick- 
ness measurement techniques such as ultrasonic or 
radiographic analysis. Of these, visual inspections are 
made more easily because they do no require special- 
ized equipment. 

Visual Inspections. Visual inspection is the 
cheapest and the most common method of inspection for 
piping system leaks or spills. Frequent (e&, weekly) 
visual inspection of piping system components should 
be made to detect evidence of existing or potential leak 
problems. Inspectors should search for evidence of pipe 
misalignment, excessive vibration, external corrosion, 
indications of pipe blockage, accumulations of liquids, 
or other signs of general physical damage. 

Pipe Misalignment. Piping should be checked for 
misalignment. The following are some observations that 
may indicate misalignment: 

oPipe dislodged from its supports. 
=Deformation of the wall of a vessel in the vicinity 

of the pipe attachments. 
*Shifting of the base plate or shearing of the foun- 

dation bolts of mechanical equipment to which the 
piping is attached, 

C r a c k s  in the connecting flanges or cases of 
pumps or turbines to which the piping is attached. 

Excessive Vibration. If vibration or swaying is ob- 
served, inspection should be made for cracks in welds, 
particularly at points of restraint such as where piping 
is attached to equipment and in the vicinity of anchors. 
Additional support should be considered for poorly 
braced, small size piping and valves and for the main 
vibrating line to which they are attached. In cases of se- 
vere vibration, it may be advisable to have a competent 
consultant recommend the remedial action, particularly 
if specialized equipment may be required. 
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Table 3.2-1 

Piping Installation and Leak Prevention 

The following is a list of important.points that 
should be considered in the installation of piping 
system components: 

- Prepare proper supports for piping and other 
components, such as valves, so that pipline 
stresses are properly absorbed and are not 
transmitted to  valves or other components. 

- In locating valves, make sure they can be oper- 
ated easily and safely, and are in a protected 
location so that projecting parts cannot be 
struck and damaged by passing traffic. 

- Most valves work best when standing upright, 
with the stem pointing straight up. Any stem 
position from straight-up to horizontal is satis- 
factory, but still a compromise. Installing a 
valve with its stem down is not good practice. 
With a valve in this inverted position, the 
bonnet acts as a trap for sediment, which may 
cut and damage the stem. Upside down posi- 
tioning for valves on liquid lines subject to freez- 
ing temperatures is bad because liquid trapped 
in the bonnet may freeze and rupture it. 

- Ensure that all joints are properly connected. 
In the case of threaded joints, ensure that 
threaded ends are not damaged. 

- Good piping practices require the proper identi- 
fication of all lines, usually giving:the purpose 
by tags, plates or painted colors. Operators 
should know the functions of every line and, the 
location of critical valves, so that:they can be 
operated quickly and properly in case of 
emergencies. 

, 

When laying out a line, it is important to con- 
sider the possibility of water hammer shock. 
Condensate or slugs of water in stream lines can 
be dangerous, rupturing joints, valves, or fit- 
tings and loosening anchors or supports. In 
liquid lines, the sudden stoppage of flow can 
cause water hammer and shock. Where quick 
opening or closing valves are installed, water 
hammer may result when the valve is opened or 
closed quickly. The resulting "backlash" or 
pressure surge causes poundingand vibration in 
the line. This can eventually weaken pipe joints 
in the system. Adequate air chambers or other 
cushioning devices-a vertical capped standpipe 
of adequate height for example--will tend to 
cushion the water hammer. These devices 
should he located upstream and not too far 
from the valve. 

Proper installation practices for piping sys- 
tems have been established and are published by 
various organizations such as the American Petro- 
leum Institute (API) and the American Society for 
Testing and Materials (ASTM). These practices 
cover subjects such as welding of pipelines, testing 
of welds, pressure testing lines, etc. Good construc- 
tion practice dictates that standards such as these 
be followed. 
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External Corrosion, Inspectors should look care- C. PIPING 
fully for signs of external co&osion. Refer to the discus- 
sion of corrosion in Part I of this report for more infor- 
mation. 

Indications of Blockage. A decrease in exit pres- 
sure or an increase in input pressure without an accom- 
panying change in throughput is an indication of piping 
system blockage. The relative severity of the blockage 
will be indicated by the amount of pressure increaseide- 
crease. If indications of blockage are encountered, steps 
should be taken to isolate and correct the problem be- 
fore extensive damage results. 

I Accumulations of Liquids. Accumulations of 
leaked liquid that has seeped into the ground can usu- 
ally be detected by discoloration of the earth. Evidence 
of such an accumulation is an indication that a leak has 
occurred, and steps should be taken to locate the leak 
source. 

General Physical Damage. The inspector should 
also look for the following signs of general physical 
damage: 

oDistortion of piping or pipe supporting elements. 
eMovement or  deterioration of concrete footings. 
BDeterioration of foundation bolts. 
eBroken or otherwise defective pipe anchoks. 

If such conditions are discovered, steps should be taken 
to find the cause, and correct the problem 

Thickness Measurements. Ultrasonic inspection 
and radiographic inspection are more advanced methods 
of determining pipe thickness, which in turn is a 
method of determining the extent of piping deteriora- 
tion. These and other inspection techniques are dis- 
cussed in detail in Part 111, Chapter 6 of this report. 

3. Periodic Testing 

Periodic testing is less important with aooveground 
piping systems than it is in the case of underground pip- 
ing systems because aboveground systems are accessible 
fur periodic inspection. However. testing can still be an 
important method of  evaluating the performance of pip- 
ing system components. Refer to Part Ill ,  Chapter 6 of 
this report for more discussion of testing techniques and 
tools. 

4. Timely Replacement 

As mentioned in the discussion of underground 
piping systems. timely repair and/or replacement of de- 
teriorated or damaged piping system components is vital 
to an effective leak prevent,jon program. Piping system 
components should always be of sufficient integrity to 
withstand normal operating loads. When this is not the 
case. these components stiould be repaired or replaced 
promptly to avoid spill/leak problems.' 

1. Types of Piping Systems 

There are three distinct types of liquid that must be 
handled in an aboveground storage facility. These are: 
( I )  pure product; (2) a mixture of stormwater runoff and 
product (referred to as contaminated runoff); and (3) 
pure stormwater runoff (referred to as uncontaminated 
runoft). In the typical bulk storage facility these liquid 
streams are segregated, with separate piping or con- 
veyance systems, for ease of handling. 

Uncontaminated runoff conveyance systems handle 
the stormwater runoff from non-operating areas of the 
bulk storage facility such as plant and office roofs, 
roadways, sidewalks, and grassed areas. This runoff 
typically flows into storm sewers for offsite disposal. 

Contaminated runoff conveyance systems handle 
the runoff from operating areas of the facility such as 
paved loading or unloading areas, pump and equipment 
areas, and storage tank (farm) areas. This runoff con- 
sists of stormwater, equipment wash-down water, and 
spilled product that drains from those operating areas. 
These streams are typically collected in impervious 
ditches or trenches and directed via piping to a product 
recovery operation. 

Pure product piping systems handle only pure prod- 
uct, either during normal product transport operations 
(e.g. tank filling or draining) or during the cleanup of 
pure product spills. 

2. Types of Piping 

Because of the wide variety of applications for 
pipe, may types of pipe are commercially available for 
use in aboveground storage facilities, including the fol- 
lowing: 

OFerrous metal pipe, such as carbon steel, stainless 
steel and cast iron. 

eNon-ferrous metal pipe, such as aluminum, copper 
and copper alloys, nickel and nickel alloys and 
lead. 

Won-metallic pipe, such as coated or uncoated 
concrete, asbestos cement, plastic and fiberglass- 
reinforced plastic (FRP). 

Composi te  pipe, such as galvanized steel, and 
rubber- epoxy- or plastic-lined steel. 

The types OF pipe more commonly used to trans- 
port pure product are carbon steel, stainless steel, gal- 
vanized steel and steel lined with plastic or epoxy, al- 
though aluminum or other non-ferrous metals may be 
used in certain special applications. Concrete and asbes- 
tos cement pipe are commonly used to transport uncon- 
taminated runoff. Coated (epoxy or glass) concrete is 
commonly used in drainage trenches to collect contami- 
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Table 3.2-2 

Characteristics of Piping Materials 

Type of Pipe Chemical Compatibility ' Application Remarks 

Carbon steel 

Stainless steel 

Cast iron 

Aluminum 

Nickel and 
nickel alloys 

Lead and 
lead-lincd 
slecl 

Copper and 
coppcr alloys 

Asbestos- 
cement 

Compatible with petroleum 
products but generally not 
compatible with acids without 
coatings. 
Compatible with petroleum and 
with acids depending on grad:. 

Resists corrosive attack by 
natural or neutral waters and . 
soils as well as atmospheric cor- 
rosion. Resistant to conccn- I 

trated acids (nitric. sulfuric and 
phosphoric) as well as alkaline 
and caustic solutions, Dilute 
acids and acid-salt solutions 
will attack this material. 
Subjcct lo  attack by alkalies, 
traces of heavy-metal ions such 
as coppcr. nickel and.mercury, 
and by prolonged contact with 
wet insulation. 
99% nickel. 0.06% carbon used 
for halogen acids at high tem- I 
peraturcs. 

99% nickel. 0.015; carbon used, 
for Suscd caustic soda [sodium 
hydroxidcs). 
Useful for handling sulfuric 
acid at modcratc tempcratures. 

Has high rcsistancc to.indus- 
trial and marine atmospheres. I 

sea watcr. alkalics. and 
solvents. 
Oxidbing agents rapidly cor- 
rode coppcr. Howcvcrj the ~ 

alloys have somwhat different 
properties than commercial 
copper. I 

Smooth surface that does not 
corrode. 

Useful for solutions within a 
pH rangc 014.5 to 14. 

i 

Product transfer. 

Primarily used for corrosion 
protection in product trans- 
fer applications when coated 
carhon steel will not suffice 
(e.& at  high operating 
temperatures). 
More widely used for non- 
hazardous service (e& 
water) than for hazardous 
chemicals service. 

Used in product transfer ap- 
plications involving sub- 
stances that cannot be hand- 
led by steel. such as organic 
acids. 
Used for high temperature 
service up to 2000" F because 
of outstanding resistance to 
oxidation. 

Product transport for special 
applications such as in hand- 
ling sulfuric acid. 

Copper tubing is widely used 
for piping in offices. labora- 
tories. for steam tracing. and 
for pneumatic controls. 
Cupro-nickel is good in sea- 
water service. Bronze pipe 
generally performs well in 
hydro-carbon service. 

Used extensively lor water 
systems (uncontaminated) 
runoff or stormwater). 

Susceptible to corrosion if not 
coated, galvanized or otherwise pro- 
tected against internal and external 
corrosion. Relatively inexpensive. 
Used when product purity is of great 
concern. 

High relative cost, 

Low relative cost 

Provides more metal for less cost 
than steel piping systems. 

Limited structural strength as com- 
pared to slcel. However, aluminum 
does not retain its structural strength 
at low temperatures. 

Useful for handling halogen acids a t  
high temperatures, sodium chloride 
Solutions, and Caustic soda. 

Lead has limited structural strength. 

I t  is customary to lay lead pipe in 
steel angles or wood troughs. 
Copper has excellent low-tem- 
perature properties. 

Not used for product transfer. 



Table 3.2-2 conllaurd 

Concrete 

Plastic tube 
and pipe 

Plastic lined 
piping 

Subject to deterioration when 
exposed to acids. 

Various plastics can be chosen 
for their resistance to specified 
chemicals: - Polyethylene pipe and 
tubing have excellent resistance 
to salts, sodium and ammonium 
hydroxides, and sulfuric nitric 
and hydrochloric acids. 
- Polyvinyl chloride pipe and 
tubing have excellent resistance 
at room temperatures to salts, 
alcohol. gasoline, ammonium 
hydroxide, and sulfuric, acetic, 
nitric, and hydrochloric acids: 
may be damaged by ketones. 
aromatics and some chlorinated 
hydrocarbons. 

- Polypropylene pipe and 
tubing have excellent resistance 
lo most common organic and 
mineral acids and their salts, 
strong and weak alkalies, and 
many organic chemicals. 
See plastic pipe, 

Fiberglass and 
fiberglass- of petroleum and chemical 
reinforced products. See chemical com- 
pipe. patibility chart in Part 11, 

Chapter 2. 

Compatible with a wide range 

Unlined, reinforced concrete 
is widely used as culvert, 
drain and sewer pipe. 
Lined concrete may be used 
to convey contaminated run- 
off when exposure to acids 
or other corrosive chemicals 
is likely. 
For service with potentially 
corrosive material. 

limits are low. 

pared to steel. 

regulations. 

Widely applicable to handle 
corrosive chemicals. 

Widely applicable to handle 
corrosive chemicals, includ- 
ing acids. bases and hydro- 
carbon solvents. 

May be lined with glass or epoxies 
for chemical use. 

Unlined concrete will leak 

Free from internal and external 
corrosion. 

Allowable stresses and ternperatkc 
limits are low 
Low structural strength when com- 
pared to steel. 

Coefficients of thermal expansion arc 
high. 

Sould be protected from fire expo- 
sure in accordance with OSHA 
regulations. 

Combines the chemical resistance of 
the various plastics and the tensile 
and structural strength of steel. 
Less structural strength then steel. 

High resistance to external and 
internal corrosion. 

Should be protected from fire ex- 
posure in accordance with OSHA 
regualtions. 
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nated runoff prior to pumping via metallic pipe to a 
treatment process. Data describing the circumstances of 
application, chemical compatiblity, advantages and dis- 
advantages of the types of pipe listed above are pre- 
sented in Table 3.2-2. 

3. Hoses 

Hoses are used at bulk storage facilities to'transfer 
liquid during loading and unloading operations. They 
are preferred over piping in such cases because of their 
flexibility and ease of handling. 

The following is a representative 'list of t& mate- 
rials of construction commonly used for hoses. 

@Nylon 
@Natural rubber , 

oSynthetic rubber 
.Polyethylene 
@Polyvinyl chloride (PVC) 
@Polyurethane 
@Polyester 
@Steel wire ! 
C o t t o n  braid 
QNylon braid 

The most common type of construction is a combi- 
nation of several of the above materials. For example, 
one type of hose has a PVC core, an open polyester 
braid, and a PVC cover. In choosing a hose material for 
a particular application, the responsible engineer should 
work carefully with the hose manufacturer to ensure that 
the proper material and design are being employed. 

The major leak/spill problem associated with the 
use of hoses is the spilling or leaking.of product when 
hoses are disconnected during loading and unloading 
operations. For example. it is currently common prac- 
tice to use quick-disconnect couplings on the, ends of 
discharge hoses during loading operations. However, 
quick-disconnect hoses do not  seal the line against back- 
tlow when the hose is disconnected. Thus, pryduct re- 
maining i n  the hose will spill into the environment. This 
problem can be alleviated through the use of dry-discon- 
nect couplings. Refer to the discussion of couplings in 
Part 111. Chapter 4 for more information on this topic. 

Other spill and leak problems associated with the 
use of hoses include the following. 

@Improper connection and handling of hoses during 
filling operations. For example, the exit end of the 
hose is often an unthreaded nozzle that loosely fits 
into sn inlet pipe. If  the nozzle is removed from 
the inlet pipe during a delivery. a spill (possibly 
large) will result. 

.Leaks at the joints between hoses and fittings. 

.Rupture of the hose by internal pressure., 
@Wearing of the hose by abrasion. 

To prevent leaks and spills from these causes, the 

@A trained operator should be present and alert dur- 

@It should be confirmed that the hose pressure 
specification is adequate for the intended service. 

QThe hose should be pressure tested periodically. 
oGuards should be provided on the hose for points 

of high abrasion. 
oThe hose should be inspected periodically for evi- 

dence of abrasion, cracks, etc. 
Another common product transfer problem is the 

mixing of incompatible products. A good product trans- 
fer practice that can help in minimizing this problem is 
the selective use of couplings and adapters on transfer 
hoses. By carefully selecting couplings and adapters that 
are only compatible with each other, one can prevent 
the unloading or loading of product into the wrong tank. 

following practices are recommended: - 
w ing all product transfer operations. 

4. Pipe Supporting Elements 

Pipe supporting elements typically include anchors, 
guides, and hangers. These elements are designed to 
support the loads transmitted by piping to the attached 
equipment so as to prevent damage to the piping or 
other equipment. Pipe supporting elements are typically 
made of steel, although wrought iron and wood may 
also be used in certain situations. More information on 
pipe supporting elements is available in the Chemical 
Engineem' Handbook [ I ] .  

D. VALVES 

1. Functions of Valves 

The principal functions of valves are: stopping, 
starting, regulating, and controlling fluid flow in 
pipelines; preventing hackflow in pipelines; regulating 
and relieving pressure in pipelines and tanks; and isolat- 
ing piping or equipment for maintenance without inter- 
ruping other connected units. These functions are high- 
lighted in Table 3.2-3. 

2. Types of Valves 

Valves are composed of valve bodies and valve 
trim. Valve bodies are typically composed of metal, 
plastic or fiberglass-reinforced plastic. They can be cast, 
forged. machined from bar stock or built up by welding 
a combination of two or more forms of material. 

c 
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Table 3.2-3 

The Funetions of Valves 

Starting and Stopping 
Flow: 

Regulating or 
Throttling Flow: 

Preventing Back 
Flow: 

Regulatory Pressure: 

Relieving Pressure: 

Controlling Flow: 

Isolating Equipment: 

The service for which 
valves are most generally 
used. Gate valves are excel- 
lenty suited for such 
service. 

Done most efficiently with 
globe and angle valves. 

Accomplished with check 
valves. 

Valves can be used to 
reduce pipeline pressure to 
a desired level and main- 
tain it at that level. 

Safety valves are used; 
these are spring-loaded 
valves that open automati- 
cally when the pressure 
exceeds the limit for which 
the valve is set. 

Control valves provide a 
continuously variable ori- 
fice to change and control 
the rate of flow through 
the valve. 

Valves can be included in 
system design to isolate 
pipe sections or other 
components for easy 
servicing. 

The term "valve trim" refers to the internal parts 
of a valve body assembly that come in contact with the 
fluid flowing through the valve. Various alloys and 
plastics are available for the valve parts such as seats, 
disks, and stems which must retain smooth finishes for 
successful operation. 

The concerns associated with the selection of valve 
seat materials focuses on the following: 

OResistance to corrosion by the fluid handled. 
OResistance to oxidation at high temperatures. 
@Resistance to erosion by suspended solids in the 

fluid. 
@Maintenance of high strength at high tempera- 

tures. 
OPrevention of galling (seizure at point of contact) 

by differences in material or material hardness. 
eAvoidance of distortion. 
The basic types of valves are gate valves, globe 

valves, angle valves, plug valves or plug cocks, ball 
valves, diaphragm valves, butterfly valves, check 
valves, and control valves. Diagrams of these types of 
valves are shown in Figures 3.2-1 through 3.2-4. Check 
valves and control valves are special types of valves 
which are further described below. 

Check Valves. A check valve is used to automati- 
cally prevent back flow. The different types of check 
valves are swing check valves, piston check valves, ball 
check valves, and tilting-disk check valves. Piston and 
ball check valves are also referred to as lift check 
valves. Cross-sectional views of each type are shown in 
figure 3.2-3. These views portray the typical methods of 
preventing backflow. 
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' Figure 3.2-1 

' Types of Valves 
I 

I 
I 
Y 

Gate Valve 
Composed of a body containing 
a gate that interrupts flow : 

Plug Cock 
Composed of a tapererd plug with center hold 
that fits snugly into correspondingly shaped 
valve seat I 

Source: Reference 4 

r-- 
I 
t 

I 

Globe Valve 
Valve disk moves axially to rest against valve 
seat, blocking flow 

Ball Valve 
Similar to plug cocks with exception that 
the plug is cylindrical. 
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Figure 3.2-2 

Types of Valves 

Diaphragm Valve 
Diaphragm functions as both 
closure mechanism and seal 

Butterfly Valve 
A 90-degree turn of valve stem changes 
valve from completely closed to com- 
pletely open 

a Source: Reference 4 
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1 Figure 3.2-3 
I 

Check Valves Used To Prevent Backflow 

A- +:; L 

I I 

- Lift Check Valve, Globe 

- Lift Check Valve, Angle 

Source: From CImnical Erigbreers' Hmdbook. Perry. R.H. and Chilton, C.H.. Copyright (c) 1973, McGraw- 
Hill. Inc. Used by permission of McGraw Hill Book Company. 
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Control Valves. Contmi valves (see Figure 3.2-4) 
are typically the final elements in an automatic process 
control loop. The valve stem is moved up and down by 
an actuator that may be pneumatically, electrically or 
hydraulically powered. Pneumatic control is the most 
widely used method of process control. 

Valve Maintenance. As is the case with other pip- 
ing system components, valves must, be inspected and 
tested periodically to insure proper operation. This in- 
cludes dismantling at specified intervals to permit 
examination of all internal parts. Table 3.2-4 lists the 
problems that may be encountered with valves. For 
further information on the inspection and testing of 
valves, the reader is referred to API Standard 598, 
Valve Inspection and Test and to Chapter 6 of this part 
of this report. 

E. PUMPS 

1. Types of Pumps 

The basic function of pumps is to move liquids and 
slurries by imparting a velocity or pressure to those liq- 
uids. There are several different types of pumps avail- 
able in today’s market; however, they all have the fol- 
lowing components in common: 

oA casing or housing. 
aA pumping mechanism that adds pressure or vel- 

e A  power source. 
Weals that prevent or limit leaks of the pumped 

The three classes of pumps common in bulk stor- 
age facilities are centrifugal pumps, reciprocating pumps 
and rotary pumps. Each of these classes is further di- 
vided into a number of types. To select the correct 
pump-for a particular service, several factors must he 
known; these include: 

ocity to the fluid being moved, 

fluid from the pump housing or casing. 

Figure 3.2-4 

Typical Control Valve 

I r A i r  Pressure 

1 
Source: Reference 4 

Table 3.2-4 

Items to look for During Valve Maintenance 

Improper Seating. 
In some services, the valve seat will become filled 
with debris (sticks, stones, rags, screwdrives, etc.) 
and the valve will not seat when closed. Even 
though the stem appears to be down, the seal is 
not made. 

Worn Trim. 
Trim wears with time and hard service. Seats 
become damaged and worn and will not seal no 
matter how much pressure is applied to the valve 
handle. 

Packing Leaks. 
Overa period oftime, packing will wear and cause 
a valve to leak at the.packing gland. Normally this 
leaking isstopped by tightening the packinggland. 
However, there is a limit to how many times this 
can be done and eventually the packing must be 
replaced. 

Broken Internals. 
lnternals such as the swing disc in a check valve, 
control valve spring, etc. can and do fail. These 
must be replaced. 
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.The properties of the liquid being transported, 
such as viscosity, volatility, etc. 

.The required capacity, usually in gallons per min- 
ute (gpm or g a h i n ) ,  and required range of ca- 
pacity. 

*The existing suction conditions (e.g., does a suc- 
tion lift or suction pressure exist?) 

*The discharge conditions. 
eThe type of service (continuous or intermittent). 
*The type of power available to drive the pump. 

Most industries have developed pump standards for 
certain applications through experience. An example is 
API Standard 610, “Centrifugal Pumps for Geyeral Re- 
finery Service.” However, the size and type of pump 
best suited to a particular application can be determined 
only by an engineering study of the problem. ‘Detailed 
descriptions of pump types are available in the Chemi- 
cal Engineers’ Handbook [I] ,  and Marks’ Standard 
Handbook for Mechanical Engineers [2]. 

.The pump location. I 

2. Pump Seals 

Pump shafts must be sealed from leaking since the 
shaft enters the pump casing and is connected to an im- 
peller or piston. The failure of pump seals is a signifi- 
cant fource of leaks in piping systems and therefore 
proper selection and maintenance of pump seals is im- 
portant. 

The main classes of pump seals are me,chanical 
seals and packing. Packing is the most commo: type of 
rotating shaft seal. If consists of fibers that are first 
woven, twisted or braided into strands, and then formed 
into coils, spirals or rings. To ensure initial lubrication 
and facilitate installation, the basic materials are often 
impregnated. In situations where lubrication‘ of the 
packing cannot be sustained using some type of oil lu- 
brication system, a small amount of leakage through the 
packing is essential to insure long packing life. A drip 
pan should be provided in such instances to contain the 
leakage. 

Mechanical seals are widely used where ‘leakage 
around the shaft is objectionable. They are also used in 
applications where packing cannot provide adequate 
leak protection. With mechanical seals, :the sealing sur- 
faces are perpendicular to the pump shaft. All mechani- 
cal seals contain four basic elements - a rotating seal 
ring, a stationary seal ring, a spring-loaded section for 
maintaining seal-face contact, and static seals: These 
components are shown in Figure 3.2-5. 

Table 3.2-5 presents a comparison of the applica- 
tions, advantages and disadvantages of packing and 
mechanical seals. 

I 

3. Spill and Leaks from Pumps 

The following is a list of the major sources of 

oLeaking mechanical seals. Even though the pur- 
pose of mechanical seals is to eliminate leaking 
stuffing boxes, seals wear and will leak. Seals 
must be inspected frequently and leaking seals re- 
paired or replaced. 

OLeaking packed stuffing boxes. As the packing 
wears with pump operation, leaks will develop. 
These leaks are more frequent than those experi- 
enced with mechanical seals. The packing gland 
can be tightened to stop leaks. This must be done 
on a frequent basis until the packing is completely 
worn-out. Packing is then replaced and the pro- 
cess of alternating leaking and tightening resumes. 

Wasing failure. Occasionally a pump casing will 
fail and the pumped material escapes. This can be 
largely eliminated if abrasive solids are pumped 
with a pump made of material that will withstand 
abrasion. 

mLubricating oil. Reciprocating pumps have lubri- 
cating oil systems for gear boxes, drive cylinders, 
piston rods, connecting rods, etc. There-are leaks 
from maintenance filling of the lubricating oil sys- 
tem and from the stuffing boxes on the piston rod. 

Periodic inspections of pumps is a necessary proce- 
dure in the bulk storage facility. It i s  often recom- 
mended that drip pans be installed under each pump, 
where possible, and that these drip pans be drained to 
a collection andor treating system. 

leaks and spills from pumps: 

Figure 3.2-5 
Mechanical Seal Components 

statlmory scol ‘in! I 
Source: From Chemical Engineers’ Handbook, 

Perry, R.H. and Chilton, C.H., Copyright 
(c) 1973, McGraw-Hill, Inc. Used by per- 
mission of McGraw-Hill Book Company. 



~ ~~ ~~ ~ ~~~~ - 

Table 3.25 

Comparison or Pump Seals 

Seal Type Materials of Construction Advantages Disadvantages - 
Packing 

Mechanical 
Seals 

Flax 
Cotton 
Rubber 
Ashcstos 
Jute 
Metallic braids 
Viscose rayon 
[.cat her 
'I'ellon 
Silicone 
Phenolic resins 

Springs and other metal- 
lic components available 
in many alloys. 
Static seals composed of 
materials such as elasto- 
mcr.s or tenon. 
Scal Pace materials in- 
clude: 
- Carbon. 
- Ceramics. 
- Glass. 

Easy seal adjustment and 
replacement. Most equip- 
ment is designed so that 
disassembly of major 
pump components is not 
required to remove or 
add packing rings. 
Can be used in almost 
every class and type of 

Require constant lubrication, either 
with pump fluid or some other lubri- 
cant. 
Require frequent adjustment to com- 
pensate for wear. 
Often require leaking in small 
amounts to insure proper lubrication, 

pump. 

Effective elimination of 
leaks. 
E n d  their best applica- tion. 
tion io situation where 
fluids are contained under 
substantial pressures. In 
these instances, their ad- 
vantages over packing are: , 
- Reduce friction-power loss. 
- Elimination of wear on 

shaft or shaft sleeve. 
- Negligible leakage over a 

long service life. 
- Freedom from periodic 

maintenance. 

Are precision components that re- 
quire careful handling and installa- 
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F. FITTINGS AND JOINTS 

The types of fittings and joints used in piping sys- 
tems and the problems associated with these compo- 
nents have been addressed in Part 11, Chapter.2 of this 
report. Please refer to that chapter for details. 

I 
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Part I11 
CHAPTER 3: 

ABOVEGROUND SPILL 
CONTAINMENT SYSTEMS 

A. INTRODUCTION 

Spill containment and collection systems are an im- 
portant part of the overall design of an aboveground 
bulk storage facility. In providing a means of preventing 
the free spread of escaped product, such systems serve 
the following purposes: 

@Groundwater protection. 
eProtection of the surrounding surface environment, 

eProduct salvage. 
QFire protection in the case of flammable and cam- ‘ 

bustihle liquids. 
The elements of a comprehensive spill containment 

@Spill containment systems, such as dikes, impervi- 
ous liners and underground harriers or cut-off 
walls. 

CSpill collection systems, such as catchbasins, 
sumps, drip pans and collection troughs. 

OConveyance systems, such as sewer pipes, cul- 
verts and drainage ditches. 

There are three types of runoff or spills that must 
be controlled at bulk storage facilities: (a) uncontami- 
nated stormwater; (b) contaminated stormwater, which 
is a mixture of stormwater and product; and (c) pure 
product discharges and spills. Care must be taken to 
segregate these types of runoff because each will be 
handled and treated differently. 

Uncontaminated stormwater is rainwater that falls 
on and flows over non-operating areas in the facility 
such as plant and office roofs, roadways, sidewalks and 
grassed areas. This runoff is typically collected in catch 
basins and directed to storm sewers for discharge to a 
municipal stormwater system, or directly to surface wat- 

including surface water and adjacent property. 

and collection system include the following: 

S 

ers. 
Contaminated stormwater is the runoff from operat- 

ing areas such as paved loading or unloading m a s ,  
pump and equipment areas, and storage tank areas. It 
consists of rainwater, wash-down water and spilled 
product that drains from these operating areas. Contami- 
nated stormwater is typically collected through catch ba- 
sins and directed to a treatment facility for product re- 
covery. 

Pure product discharges include hose drainage, 
tank and equipment clean-out residues, and any spills 
that are collected prior to contamination with rainwater, 
These types of discharges are typically accumulated to 
be reprocesssed for recovery of clean product after a 

sufficient quantity is collected. 
The schematic diagram of Figure 3.3-1 shows a 

bulk storage facility featuring segregation of the three 
types of runoff. 

The type of spill control system used depends upon 
the area in which it i s  used, and on whether the system 
is intended to handle pure product, contaminated runoff, 
or uncontaminated runoff. The various types of contain- 
ment and collection systems and their uses are sum- 
marized in table 3.3-1. The remainder of this chapter is 
devoted to a discussion of these system types and on- 
site spill cleanup procedures. Conveyance systems have 
been discussed in Chapter 2 of this part of the report. 

B. DEGREES OF PERMEABILITY 

The degree of permeability, or level of envimn- 
mental protection provided by a spill containment or 
collection system should be sufficient to prevent loss of 
the stored liquid prior to cleanup. The discussion that 
follows focuses on the various levels of protection, sur- 
face materials used and factors that determine the type 
of material and level of protection employed. 

1. Levels of Protection 

The level of environmental protection provided by 
a spill containment surface can vary from minimal to 
extensive. Minimal protection, such as that provided by 
sandy soils, can be used in certain situations. An exam- 
ple of such an application would be a sandy soil surface 
used in a storage tank area housing heavy oil. The key 
in such instances is that the spill containment surface 
provides ample time for rapid collection and cleanup of 
any spilled material before significant damage to the en- 
vironment is incurred. 

A more stringent level of protection is that pre- 
scribed in the federal oil pollution prevention regula- 
tions governing Spill Prevention Control and Coun- 
termeasure (SPCC) Plans, which state that: 

“. . . Diked areas should be sufficiently imper- 
vious to contain spilled oil.” 

The use of the word sufficient makes this requirement 
subjective, but it implies a higher degree of impermea- 
bility than that described above, in that rapid spill 
cleanup is not a factor in determining the sufficiency of 
the containment surface. 

A higher degree of protection can be achieved 
through the use of required performance criteria for con- 
tainment surface permeability. An example of such a 
criteria is the New York State requirement for the level 
of impermeability of landfill liners: 

“Proposed landfills and modifications of exist- 
ing landfills pursuant to Section 360.3 of this 
Part shall require a natural or artificial liner 
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Figure 3.3-1 

Schematic Flow Diagram 
Spill Catchment and Treatment System 

Source: 
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Table 3.3-1 

Spill Containment and Collection Systems 

Material Source Containment Systems Collection Systems 

Uncontaminated 
stormwater 
runoff 

Contaminated 
runoff (mixture 
of product and 
stormwater) 

Pure product 

Non-operating areas 
such as plant and 
office roofs, road- 
ways, sidewalks, and 
grassed areas. 
Operating areas 
such as storage tank 
areas, loading and 
unloading areas, 
and pump equip- 
ment areas. 

Hose drainage, tank 
and equipment clean 
up residues (without 
additives such ab 
detergents, and 
quickly recovered 
spills. 

Typically none. 

Containment in storage tank 
areas typically consists of diked 
impervious surface sloped to a 
collection ditch or sump. 

Containment in loading and un- 
loading areas typically consists 
of a reinforced concrete apron 
surrounded by a concrete curb 
and sloped to a collection sump. 
Containment around pump 
equipment, etc., typically con- 
sists of concrete slab surround- 
ed by a concrete curb and 
sloped to a collection sump. 
Containment in other operating 
areas of the plant consists of an  
impervious surface surrounded 
by curb or drainage ditch. 
Drip pans in loading and un- 
loading areas and pump and 
equipment areas. 

Typically collected in drainage 
ditches and directed to storm 
sewers for discharge off site. 

Collection systcms consist of 
drainage ditches that direct 
flow to catchbasins or collec- 
tion sumps for over-thedike 
pumpout (in storage tank 
areas) or gravity drainage to a 
treatment facility. 

Collected separately from con- 
taminated product and directed 
to a product recovery process 
such as a slop tank for oil 
recovery. 
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Table 3.3-2 

Characteristics of Various Surface Materials 

Relative 
Surface Material Advantages Disadvantages Cost 
Natural permeable 
soils ing only compaction. 

- Readily available at the site. requir- 

- Useful as a cover over impermeable 
surfaces such as synthetic liners. 
clays, or bentonites to protect these 
surfaces from exposure to.ozone, sun- 
light and vehicular traffic. 
- An inexpensive material if readily 

- Commonly used material; standard 
testing procedures are available. 

' - High degree of impermiability can 
be attained; permeability will vary 
with thickness and degree of 

Natural clays 
available. ! 

compaction. I 

Soil Cement - Good durability. 

- Resistant to aging and weathering. 
I 

Bentonite - Low permeability 
-Treated bentonites do no! deter- 

I iorate with age. 

! 

Provides minimal environmental pro- 
tection; useful by itself only in ap- 
plications where a highly permeable 
surface can be tolerated. 

- Subject to drying and cracking: 
must he protected with soil cover. 

- Subject to leaching of components 
when exposed to water or other 
solutions. 

-Subject to ion exchange when ex- 
posed to water containing acids. 
alkalis, or dissolved salts. 

- Overcompaction can result in poor 
retention properties. 

- In place soil usually used; perme- 
ability varies with the type of soil. 

- May not be applicable in the follow- 
ing soil situations: 
-highly organic soils 
.-clays 
-saline soils 
-clean well-graded gravel or 

crushed rock. 
-Subject to degradation due to frost 

- Requires protective soil cover. 
- Untreated bentonites may deter- 

heaving of subgrade. 

iorate when exposed to contaminant. 

Low 

Moderate 

Moderate 
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Tabli 3.34. conlinurd 

Asphalt - Widely available. 
- Provides good water-proofing 

membrane, but does not provide a 
high degree of impermeability. 

Concrete - Easily applied to both rock and 
stable soil with good adherence. 

- Provides some degree of impermea- 
bility that can be enhanced with 
liners or coatings. 

- Good strength and durability. 
- Easily repaired 
- High resistance to bacterical Synthetic Polymeric 

Membrane Liners. deterioration. 

- Specific polymers provide high de- 
gree of resistance to certain 
chemicals. 

- Probide high degree of imperme- 
ability to dhemicals and water. 

- Has poor resistance to hydrocarbons. 
- Application on frostsusceptible 

soils is questionable. 

- High temperature and long-term 
weather exposures may affect 
material properties. 

- If poorly designed. concrete is sus- 
to cracking when exposed to freeze] 
thaw cycles, or if differential soil 
settlement occurs. 

- Requires subgrade preparation and 
steri1ization;applied to earth to 
reduce the risk of puncture. 

damage, particularly due to 
vehicular trYffc. 

- May require protection from expo- 
sure to sunlight (ultraviolet light) 
and ozone. 

-Some polymers may be attacked by 
hydrocarbons solvents. 

- Good oil resistance and good low 
temperature properties d o  not 
normally go hand in hand. 

- Must be protected from structural 

Moderate 

High 

Moderate 
to High 
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that restricts infiltration to the equivalent of 
five feet of soil at hydraulic conductivity of 
IO5 cm/sec or less . . . .” [IO] 

I 

2. Surface Materials 

The materials that can be used for spill contain- 

QNatural impermeable soils (clays). ’ 
OSoil additives, such as soil cement a<d bentonites. 
@Synthetic polymeric membrane liners. 
Wpray-on liners, such as concrete and asphalt. 
OPoured-in-place liners of concrete or asphalt. 
As mentioned in the previous section, natural 

permeable soils may also be used in a containment area. 
However, their application is limited to ;instances in 
which their lack of impermeability is not a major factor. 
The natural permeable soils used in a containment area 
are typically soils existing at or near the site. 

The characteristics that are important in choosing a 
surface material for a particular application include the 
following: 

@The degree of protection required (material per- 

Wompatibility with the stored product. 
BStructural integrity: ability to withstand weather- 

QStructural strength: ability to withstand normal 

The characteristics of the surface materials listed above 
are summarized in Table 3.3-2. Impermeable soils, soil 
additives, and synthetic membrane liners have been dis- 
cussed in Part 11, Chapter 3 of this report. Permeable 
soils, asphalt and concrete are discussed below. 

Asphalt is a dark brown to black solid or semi- 
solid cementatious material; the primary constituents of 
asphalt are high flash point hydrocarbons that either 
occur naturally or are obtained as a residue of petroleum 
refining [ I  I]. Asphaltic materials are widely available, 
and provide good waterproofing membranes. However, 
because of their hydrocarbon base they are susceptible 
to attack by hydrocarbon solvents. Therefore, they are 
not recommended for use in areas Of frequent spills of 
that type. 

Concrete mixtures consist of aggregate: cement, 
and additives to accelerate hardening. Sprayed concrete 
is easily applied to both rock and stable soil with good 
adherence. It forms a rigid, high strength surface with 
good long term stability and good hydrocarboa resis- 
tance. Sprayed concrete can be affected by freezdthaw 
heave in frost susceptible soils; thermal and mechanical 
(vehicular traffic) stress may also affect performance. 
However, sprayed concrete is easily repaired. 

ment and collection surfaces include the following: 

meability characteristics). I 

ing. 

operating loads. 

’ 

3. Choosing a Surface Material 

t The choice of surface material and level of en- 
vironmental protection for a particular spill containment 
and collection area will depend upon several factors, in- 
cluding the following: 

oThe type of material being stored. 
@The speed with which spills are detected and 

BThe frequency of spills. 
@Surrounding environmental conditions. 
oLegislative requirements. 
Type of Material Stored. The type of liquid being 

handled can determine to a great extent the degree of 
permeability required in all containment and collection 
surfaces. For example, heavy oil is very viscous, and 
therefore surfaces of sand or other graded (sloped) natu- 
ral soils could be used, whereas the handling of 
gasoline would require more impermeable surfaces, 
such as concrete. 

Frequency of Spills. The frequency (or likely fre- 
quency) of spills is another determining factor. Areas of 
the bulk storage facility where spills or leaks are more 
likely to occur, such as transfer areas (loading and un- 
loading racks), would require more impermeable sur- 
faces than other areas. For example, the surface of a 
transfer area handling jet fuels may consist of layers of 
concrete sandwiched around a synthetic liner, while a 
storage tank area handling the same liquids may have 
a spill containment surface of concrete or clay without 
the added protection. 

Speed of Detection and Cleanup. The speed of 
spill collection and cleanup is also a factor in selecting 
surface materials. Surfaces in areas that are required to 
retain or hold a spill for relatively longer lengths of 
time will require more impermeable surfaces than those 
areas with much shorter spill retention times. Spill re- 
tention time is determined by such factors as: 

oThe design capacity of the facility’s contaminated 
tunoff collection and treatment systems. 

*The frequency of inspection of the facility. 
oThe number, location and accuracy of leaklspill 

Surrounding Environmental Conditions. The 
sensitivity of the environment in the area of the bulk 
storage facility can be a major determinant in the level 
of environmental protection provided. In areas of high 
groundwater table or areas where the storage facility is 
located near or above an aquifer, surface impermeability 
is an extremely important requirement. Surface imper- 
meability may be less important in areas where ground- 
water contamination is less of a threat due to hydro- 
geologic conditions. 

Legislative Requirements. Degrees of permeabil- 
ity can also be required through legislation or regulatory 
action. The federal SPCC requirements and New York 
State landfill permeability requirements cited previously 
are examples of such regulations. 

cleaned up. 

W 

detection devices. 
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C. SPILL CONTAINMENT SYSTEMS 

Spill containment systems consist of continuous 
surfaces that are surrounded by dikes, curbs, walls or 
berms. The purpose of these containment systems is to 
prevent a spill or leak of a hazardous liquid from leav- 
ing the area. To permit collection, containment surfaces 
are typically sloped to a sump, catchment basin, etc. 
Spills may then be collected in place, or conveyed to 
treatment, recovery or disposal via trenches, pipes or 
drainage ditches. 

Typically the various areas of a bulk storage facili- 
ty such as the storage tank area and the loading and un- 
loading areas will have individual spill containment and 
collection systems. In addition, the entire bulk storage 
facility should be sloped inward to insure that no runoff 
or product spills are lost to the outside environment. 
The elements and designs of typical spill containment 
systems are discussed below. 

1. Dike Systems 

Aboveground tanks are typically enclosed by an 
impervious dike system designed to contain the spill in 
the immediate area of the tank. Diked areas for tank 
farms are designed to contain I I O  percent of the capac- 
ity of the largest tank. In addition to providing 
emergency confinement of accidental spills, the dike 
also serves to hold contaminated runoff. After a storm 
or spill, the contaminated runoff or contained product is 
pumped over the dike to a treatment or recovery sys- 
tem. A typical dike system for a storage tank is shown 
in Figure 3.3-2. 

Drainage of a diked area can be accomplished in 
one of two ways: 

OA siphon may be used to draw the contaminated 
liquid over the dike as shown in Figure 3.3-3. 
This type of system is recommended for oil-water 
mixtures which tend to emulsify. 

*A pumping system may be used to draw the con- 
taminated liquid or product over the dike wall. 
With such a system, a permanent pump may be 
installed to transfer the contained liquid. 

Gravity drains which pierce the dike should never 
be used. An open valve in the drain would be a route 
far loss of  product after a spill. 

Typical materials of construction for dikes include 
earth, masonry or reinforced concrete. with imperme- 
able liners or cores composed of materials such as those 
listed in the previous section. Examples of types of 
earth dikes are shown in Figure 3.3-4. 

The fallowing is a listing of several important con- 
siderations in the design, construction and maintenance 
of diked areas: 

,. 
J 

I f )  

QThe diked volume should be sufficient to contain 
the entire storage volume which it surrounds plus 
the rainfall which could accumulate from a design 
(typically %year or 100-year) rainfall. 

@The diked area should be impervious to the stored 
product to permit collection and cleanup of spills. 

eThe dike should be constructed with erosion-resis- 
tant and product-resistant materials. 

avegetation growth should be controlled (prevented 
on earth dikes to prevent resulting damage to the 
impermeable coating or the dike itself. 

*Breaches in the dike (through-the-dike pipes, etc.) 
should be prohibited. Ramps over the dike should 
be built for vehicle access. 

OA program of diked area inspection and mainte- 
nance should be established and enforced. 

BDikes should be conshucted with sufficient spac- 
ing around the tanks to meet fire codes and to 
allow the use of vehicles for cleanup. 

2. Curbs 

Curbed areas typically consisted of a reinforced 
concrete apron surrounded by a concrete curb as shown 
in Figure 3.3-5. This type of containment system is 
generally used in tank truck loading and unloading 
areas, tank car loading and unloading areas, and pump 
equipment areas, A spill collection system consisting of 
catch basins or a collection sump is usually included in 
curbed areas. 

3. Slurry Trench Cut-Off Walls 

A slurry trench wall or underground cut-off wall is 
a wall permanently embedded in the soil to reduce or 
“cut-of? the flow of groundwater. The expression 
sluny trench refers to the construction technique and not 
necessarily the end product. This type of spill contain- 
ment system consists of an impervious concrete or  ben- 
tonite wall that extends from the ground surface well 
into the groundwater table, as shown in.Figure 3.3-6, 
or into an impervious stratum. The wall prevents the 
flow of spilled product away from the containment site, 
thus preventing a spill that has seeped into the soil from 
escaping. The cut-off wall application shown in Figure 
3.3-6 is applicable only for oils or other materials that 
would float on the groundwater table. 

Slurry trench walls are more commonly employed 
as a spill containment measure to confine a spill or leak 
after it has been discovered. However, they may be 
used as preventive measures in situations where a sensi- 
tive groundwater (aquifer) is located close to the bulk 
storage site in relatively permeable soils. 

Very simply stated, slurry trench wall construction 
consists of excavating a trench about 3 feet wide to the 
desired depth, stabilizing or holding the sides of the 
trench Up With a water-bentonite or water-leachate-ce- 
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! Figure 3.3-2 

Bulk Plant Layout , 

i NOTES: 
I. Dimension A is 1/25 of tank diameter plus one foot. 
2. Dimension B is l,l/2' minimum. 
3. Dimension C is I minimum. 
4. Dimension D is I Id minimum. 
5 .  Containment volume must equal 110% of tank volume. 
6 .  Containment area should be sloped to drainoge ditch and 

' ' 

I 

' 
ditch should be sloped to direct flow t o o  corner collection 
sump for over-the-wall pump out .  

7. Water draw-off system discharges to 0 separate treatment 
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Figure 3.3-3 

Dike and Siphon 
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Figure 3.3-4 

Typical Earth Dikes 
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Figure 3.3-5 

Typical Curbed Containment Area 
Drained Through Catch Basin 
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' Figure 3.3-6 

'Underground Barrier and Cut-Off Wall 
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ment mixture, and possible backfilling the trench with 
concrete to form a wall. Extensive subsurface investiga- 
tion and foundation engineering is often required in the 
design of these types of barriers [I  I]. 

- - 
4. Secondary Containment Tanks 

. Aboveground tanks storing hazardous materials 
may be placed inside secondary containment tanks de- 
signed to hold the product in case of rupture of the pn- 
mary storage tank, These systems are often used at pe- 
troleum storage facilities and for secondary containment 
of acid and caustic storage. Secondary containment 
tanks are sized to hold the entire contents of the primary 
storage tank and are constructed of a material compati- 
ble with the product stored. Common materials of con- 
struction include coated carbon steel and cmcrete. For 
additional information on secondary containment tanks, 
refer to Chapter 1 of this part of the report. 

D. SPILL COLLECTION SYSTEMS 

Spill collection systems include trenches, gutters, 
collection 'troughs, catch basins, and collection sumps. 
Trenches, gutters and collection troughs are used as col- 
lection devices within the containment area. They col- 
lect and route spills and contaminated runoff to catch 
basins or collection sumps. Trenches, gutters and col- 
lection troughs are made of impervious materials that 
are compatible with the stored product. Catch basins 
and collection sumps are typically small underground 
concrete tanks connected by a network of drainage pip- 
ing. These collection devices are located at low points 
within the containment area and collect minor spills and 
contaminated runoff for treatment and disposal. Catch 
basins are typically drained by gravity to a treatment 
system (e.g. an oil separator) via an underground pipe. 
Collection sumps are typically emptied by pumps or 
siphons. The over-the-dike siphon system shown earlier 
is a typical sump drainage device. Containments should 
be purposely designed to maximize product recovery 
and minimize contaminated residues resulting from a 
spill. 

When designing a sump or catch basin, impermea- 
bility and compatibility of the surface material with the 
product stored are prime considerations. In some in- 
stances, it may be necessary to line the inside of the 
sump or catch basin with an appropriate coating mate- 
rial. Refer to the Compatibility of Coating Materials 
Chart in Appendix B, The drainage piping must also be 
compatible with the product stored to prevent premature 
deterioration. The number and location of catch basins 
or sumps is determined by the amount of spillage and 
runoff to he collected and the configuration of the con- 
tainment area. 

...~ 

3 

E. ON-SITE SPILL CLEANUP 

On-site spill cleanup is aimed at the recovery of 
spilled product for reuse, if possible, or for disposal. 
Several techniques are available for on-site cleanup of 
spills, including the following: 

ODirect suction pumping into tank trucks (large 

oThe use of sorbents. 
QSoil removal. 
QTrenching and skimming. 
oThe use of recovery wells. 
0011-site detoxification. 
eThe use of gelling agents. 

spills) 

Another technique that has received attention recently is 
the biodegradation of petroleum and other organic 
chemical spills. 

The proper handling of spills of hazardous mate- 
rials requires that certain materials and equipment be 
kept on site and, that a contingency plan outlining the 
steps to he taken to clean up a spill be prepared. A spill 
contingency plan typically includes: ( I )  a description of 
the steps that facility personnel must take to clean up 
the spill: (2) a list of plant personnel designated to re- 
spond to a spill emergency; (3) a list of the equipment 
kept on site for the purpose of cleaning spills; and (4) 
the names, addresses and telephone numbers of state 
and local emergency. response agencies that may be 
called in, if needed, to assist in the cleanup operations. 
The promptness with which spills are detected and a re- 
sponse is made is important to minimize cleanup ef- 
forts. 

1. Sorbents 

Sorbents include spill scavengers and cleanup 
agents that absorb the spill. Based upon origin, sorbents 
may be divided into three classes: 

oNatural products, which include straw, sawdust, 
clays and vermiculite 

QModified natural products, which include ex- 
panded perlite, charcoal, silicone coated sawdust, 
and surfactant-treated asbestos. 

cSynthetic products, which include foam plastics 
and imbiber bead blankets. 

When selecting a sorbent material, it is important 
to ensure that: ( I )  it is capable of absorbing the spilled 
material. and (2) it is chemically inert and will not react 
with the spilled material to form toxic or otherwise haz- 
ardous substances. The quantity of sorbent to be stored 
on site depends on the properties of the sorbent itself 
and the size of the potential spill to be cleaned up. ' 

Imbiber Beads [5,6,7,8] Imbiber heads are a spe- 
cial type of sorbent material that deserve further discus- 
sion. Imbiber beads are small plastic spheres that will 
imbibe (absorb) a wide range of organic liquids (up to 
21 times their own volume). During absorption, the 
spheres swell. The beads will not absorb water. There- 
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fore, water flowing through a bed of these beads will 
flow freely. If the water becomes mixed with gasoline 
or fuel oils, the beads absorb the contaiminant, swell to 
fill the void spaces between the beads and shut off all 
flow through the bed. Used, for instance, as a filter in 
a catch basin or sump as shown in Figure 3.3-7, the 

beads will not impede the flow of water unless a spill 
occnrs. In the case of a spill, the beads will selectively 
imbibe the organic liquid, swell and shut off all flow 
to the drain. After the spill has been cleaned up, the 
bed of swollen beads must be removed, replaced and 
disposed of in a proper manner. 

- 
~ Figure3.3-7 
2 

Imibiber Bead Applications 

I 

(A) Storage tank water diaw- 
off valve: Imbiber beads permit water drainage, but 
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[E) Containment area drainage' 
sump filter: Imbiber beads permit drainage of water 

runoff, but block flow of product - permitting 
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Imbiber beads can be packed as loose beads, en- 
closed in packets for packaging dangerous iiquids, or 
enclosed in blankets for spill cleanups. They are also 
packaged in canisters for use as valves in removing 
water from storage tanks: As shown in Figure 3-3.7 the 
canister is attached to the draw-off line and water is al- 
lowed to flow through. When the water/product inter- 
face reaches the beads, the spheres swell with product 
and shut off the flow. The line can then be closed off, 
and the imbiber bead canister replaced. 

A list of materials that can beabsorbed by imbiber 
beads is given in Table 3.3-3. 

\ 

2. Soil Removal 

Removal of contaminated soil is possible if the 
contaminant has penetrated only a few feet below the 
surface and high-capacity earth-movers are available. 
Soil that is excavated from a spill site should be prop- 
erly disposed of. Soil excavation can be considered an 
initial, rapid response method for the removal of a con- 
taminant before it reaches the water table. It may be 
possible and economical to aerate the soil in place 
where gasoline incursion is of low concentration. Air 
pollution guidelines should be checked before such a 
procedure, however. In all cases of soil removal, under- 
mining of existing structures and damage to utilities 
should be avoided. 

In cases of extremely toxic chemicals or sizeable 
spills that saturate the soil, treatment of the removed 
soil will be necessary, 

3. Trenching and Skimming 

In some instances, where a lighter-than-water sub- 
stance has spilled or leaked and contaminated ground- 
water in a water table that is located near the surface, 
interceptors such as ditches, trenches, or pits can be 
used to control the flow of contaminated groundwater 
and recover the spilled product. Trenching and skim- 
ming may be used as the prime clean-up method or as 
a supplement to other methods. 

Interceptor ditches deeper than 6 to 8 feet are usu- 
ally impractical. The depth is basically limited by the 
type of excavation equipment available and the ability 
of the soil to support the walls of the excavation with- 
out collapsing. The ditch should extend at least 3 or 4 
feet below the water table if the excavation is to be 
used as a withdrawal point. If the ditch is to be a col- 
lection point for skimming. its downstream wall is usu- 
ally lined with an impermeable material such as 
polyethylene that blocks the flow of the contaminent on 
the water surface. Skimming must be continuous or  the 
collected material will tend to move to the ends of the 
ditch and pass around the barrier. 

Interceptor ditches need not be open ditches, as de- , scribed in the following: 

Table 3.3-3 

Materials Absorbed by Imbiber Beads 

Fuels: Gasoline 
No. 1 Fuel Oil 
No. 2 Fuel Oil 
No. 3 Fuel Oil 

Diesel Fuels 

Chlorinated 
Solvents: Carbon Tetrachloride 

Methyl Chloroform 
Trichlorobenzene ''.. 
Polychlorinated Biphenyls (PCB's) 

Aromatic 
Solvents: Benzene 

Toluene 
Xylene 
Ethylbenzene 
Cumene 
Styrene 
Methylnaphthalene 

Polar 
Componds: Methyl Isobutyl Keytone 

Tetrahydrofuran 
Ethyl Acrylate 

Source: Reference 5 

Backfilled Ditches. Ditches may contain perme- 
able backfill. One approach is to lay a string of perfo- 
rated culvert pipe in the bottom and backfill the ditch 
with porous material such as broken rock or gravel. 
Fluid enters the pipe through the perforations and can 
be removed through an opening left in the backfill. 
Back-filled trenches are difficult to construct and may 
not be effective. The pipe must be perforated only on 
the upstream side and located so that the perforations 
are precisely at the sufrace of the groundwater level. 
Fluctuations of groundwater level, which occur nor- 
mally, tend to destroy the effectiveness of the drain be- 
fore its need has passed. 

Absorbent-Filled Ditches. Sometimes the intercep- 
tion ditch is filled with straw or  other absorbent mate- 
rial. The absorbent is replaced periodically as it be- 
comes saturated. 

I t  must be noted that a trench is not a barrier to 
control subsurface movement of contaminated ground- 
water. The trench must either be skimmed continually 
or pumped sufficiently to make it a suitable collection 
point. A typical system for skimming the water surface 
in trenches or excavated pits is illustrated in Figure 3.3-8. 



Figure 3.3-8 

Spill Cleanup Using Inceptor Trench 

Source: Reference I 

Figure 3.3-9 

Spill Clianup Using Pumping well 

PUMPING WELL 1 

Source: API Publication 4149, The Migration of Petroleum Product in Soil and Groiirtd Water, 1972. 
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4. Recovery Wells 

A pumping well, as shown in Figure 3.3-9, is used 
when the water table is too deep for the use of intercep- 
tors and ditches. This cleanup method is most efficient 
when the permeability of the aquifer is high and the 
depth of the aquifer is adequate to allow construction of 
a high-capacity well. In addition, vertical withdrawal 
wells can be effectively used in shallow aquifers when 
interceptor trenches will interfere with buildings, high- 
ways, tunnels, conduits and pipelines. 

The product from the pumped well is separated 
from the groundwater by skimming or separation, It 
may also be necessary to aerate or carbon filter the 
separated water to remove dissolved materials. 

This removal method establishes a depression in 
the water table sufficient to concentrate and prevent the 
further migration of a non-water soluble contaminant. A 
withdrawal well will work effectively where hydraulic 
conditions are such that pumping will depress the water 
table significantly. In this situation, the soil permeabil- 
ity and other hydrogeologic conditions allow a signifi- 
cant cone of depression of the water table. This causes 
the contaminated, ground water to migrate toward the 
center of the depressed cone so it can be pumped to the 
surface. This method may be used with oil and other 
lighter-than-water chemical substances. 

A standard procedure to determine the size and rate 
of development of cone is to drill several monitoring 
wells in straight lines adjacent to the pumping well. By 
observing the liquid level, the time and amount of 
drawdown can be determined as well as the further ex- 
pansion of the depression cone. Pumping rates should 
he adjusted to maintain a cone large enough to contain 
only the contaminant, 

The average cone of depression is shallow, hut 
may be as deep as a few feet with a horizontal radius 
of as much as 1WO feet. If the water table is horizontal, 
a shallow depression normally will suffice to confine 
the floating contaminant. However, water tables are 
usually inclined and the cone must be deep enough to 
reverse the resulting gradient. The point at which the re- 
versal occurs is the water table “divide”. If the conta- 
minant is to be contained effectively, the divide must lie 
beyond the contaminated area. 

A series of small volume drawdown wells may he 
preferable to a single large volume drawdown well. The 
amount of water pumped should be limited as far as 
possible if disposal of dissolved contaminant will be a 
problem. If properly designed, the return of drawdown 
water to the affected area can increase the gradient to- 
ward or reduce the pumping rate at the drawdown well. 
This will promote flushing of the contaminated soil, 
ease water treatment loadings and reduce spreading of 
dissolved contaminants beyond the affected area. 

5. On-Site Detoxification 

At the present time, the most widely used cleanup 
techniques for land spills are excavation and hauling to 
a landfill or the flushing of the affected area with water 
( i s . ,  dilution of the spill). Flushing by fire departments 
is considered by many to be the best method of han- 
dling a spill in the view of safety. It is not. The appro- 
priate solution, in most cases, is containment of the sur- 
face spill as quickly as possible and pick-up of the 
leaked product. Pick-up can be accomplished by suction 
pumping followed by sorption of the residue. Although 
these methods may be appropriate for some spills, other 
approaches may he needed when groundwater is 
threatened, when a large soil mass is contaminated or 
when no suitable disposal site is available. An alterna- 
tive method is a mobile treatment system that will pro- 
vide in-place detoxification of hazardous materials spil- 
led on soil. 

The objective of these techniques is to allow the 
spill to be cleaned up on-site. Containment is achieved 
by slurry trenching or injecting grouting material into 
the soil to seal the contaminated area. The isolated area 
is then chemically treated to. achieve oxidationireduc- 
tion, neutralization, precipitation or -polymerization of 
the spilled material. 

The treatment system is generally mounted on a 
tractor-trailer. The grout and chemicals used are mixed 
in fiberglass tanks in alternate batches. The material is 
than transferred by positive displacement pumps to a 
feed tank. The vehicle is also equipped with an air com- 
pressor and a diesel-electric generator to operate the 
“air-hammer” that injects the treatment chemicals into 
the ground. 

6. Gelling Agents 

Application of a gelling agent to the contaminated 
area is an effective method of controlling spills of cer- 
tain hazardous materials on relatively non-porous sur- 
faces. Gelling agents interact with the hazardous mate- 
rial to form a gel that can be removed with earth-mov- 
ing equipment. This immobilization prevents the spill 
from spreading and therefore minimizes contamination 
of soil and water. 

Field tests have shown that the application of gel- 
ling agents is a practical solution for both small .and 
large scale spills. Such systems can usually be operated 
with little training and can he built from readily avail- 
able commercial equipment. The major drawback to this 
clean-up method is that gelling agents typically will not 
immobilize material at depths greater than 4 inches. 
There are various gelling agents available, each with 
different gel rates, application techniques and cost. 

f 
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7. Biodegradation of Petroleum and  
Organic Chemical Spills 

All natural soil, groundwater .and surface water 
ecosystems include a group of organisms that are capa- 
ble of biologically degrading complex organic 
molecules. These organisms are mostly microscopic, 
mainly bacteria and fungi. Although petroleum and or- 
ganic chemicals are toxic to most plants and animals, 
some decomposing bacteria and fungi can use these sub- 
stances as nutrients. For this reason, development of 
spill abatement technologies based on biodegradation is 
a promising field and has recently received much atten- 
tion. 

Although biodegradation is a natural process and 
will occur without any stimulation, its major drawback 
is that it normally proceeds very slowly in soil or 
groundwater systems. Thus, the technologies being de- 
veloped to combat spills in these systems ate directed 
toward speeding up biodegradation by ensuring a good 
supply of the materials that enhance the growth of 
bacterial and fungal populations. These materials, the 
most important of which are oxygen, nitrogen, phos- 
phorus and water, are injected or allowed to percolate 
into the soil. However, it should be noted that the 
groundwater standards of New York State prohibit the 
discharge of nitrates as nitrogen into the groundwater in 
quantities exceeding 20 mg/l. On Long Island, the limi- 
tation of total nitrogen (as N) is I O  mg/l. 

Although biodegradation is by no means a proven 
technique, it is already apparent that there are certain 
advantages and disadvantages. Advantages or the ap- 
proach include: 

@It can efficiently remove small concentrations of 
pollutants that would be difficult to separate by 
physical means. 

.Water-soluble pollutants that are susceptible to 
biodegradation would be extremely difficult to re- 
move by other clean-up techniques. 

*Waste disposal is not a problem associated with 
this clean-up technology. 

@In some cases, biodegradation may bd a much fas- 
ter process than other removal techniques. 

@In groundwater contamination, the treatment 
moves with the contaminant plume. 

' 

Disadvantages include the following: 
.Bacteria and fungi can create a viscous slime, 

which could plug up wells and soils and cut off 
the supply of oxygen, nutrients and moisture. 

@Residues may create taste and odor problems. 
@Even though the organisims involved are very 

small, in some geologic formations, with ex- 
tremely small pore size, water and cell movement 
may be hindered. 

.Continued injection of oxygen and nutrients may 
be ncecessary to sustain a high rate of degrada- 
tion, expecially in groundwater systems. 

@Where the pollutant is relatively, concentrated, 
there may be relatively little surface area for the 
organisms to attach, and biodegradation may be 
slower than physical removal processes. 

@In high density developed unsewered areas the 
bacteria may prefer the domestic sewage From 
seepage septic systems to the spilled materials as 
a source of food. This problem has occured in 
some areas. 

In summary, biodegradation may not be the best 
technology to employ for all spills, but as more research 
is completed, it appears that it may be the best choice 
in some circumstances, and it is probably a valuable 
supplement to other clean-up techniques in others. Most 
of the information available on biodegradation relates to 
spills of petroleum products, but is certainly applicable 
for some other organic substances as well, It is conceiv- 
able that biodegradation techniques may be used in the 
future for combating spills of solutions of inorganic ma- 
terials such an antimony, mercury, arsenic and 
selenium. These elements can all be reduced by bacteria 
to form gaseous complexes that would be mobile in the 
environment and could result in their liberation from 
contaminated soil or groundwater systems [ I ] .  At any 
rate, currently existing technology for stimulating 
biodegradation of petroleum and organic chemicals is a 
valuable tool for ameliorating spills and should be con- 
sidered as an alternative or supplement to other, more 
well-known, spill clean-up techniques [ I ] .  
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Part I11 c 
CHAPTER 4: 

OVERFILL PREVENTION 
TRANSFER SPILLS APQD 

SYSTEMS FOR 
ABOVEGROUND STORAGE 

A. INTRODUCTION 

At aboveground bulk storage facilities, product 
transfers routinely take place in the storage tank area, 
as the tanks are filled, and in areas designated for the 
loading and unloading of tank cars or tank trucks. 
Transfer spills usually occur in one of the following 
manners: 

.Product is spilled when transfer hoses are discon- 

.Product is forced out of storage tank vent lines 

@Storage tanks overflow during .tank filling opera- 

.Transfer lines or hoses leak or rupture while in 

.Pumps break or leak. 
oTanks rupture from overpressurization. 
Aside from a catastrophic event, such as the rup- 

ture of an unattended transfer hose while in use, transfer 
spills are generally small relative to the amount of liq- 
uid being handled. However, they can occur .frequently 
enough to constitute a major source of product loss, 
damage to the environment, and hazard to the health of 
workers in the facility. 

Transfer spills occur for the most part due to im- 
proper management and control of fluid transfer opera- 
tions. They can he avoided or minimized through the 
implementation of transfer spill management systems 
and practices. The keys to transfer spill prevention are 
summarized in Table 3.4-1 and discussed in the remain- 
der of this chapter, 

nected. 

during tank filling.operations. I 

tions. 

use. 

B. OVERFILL PREVENTION 
SYSTEMS 

The elements of a complete overfill prevention sys- 
tem for an aboveground storage tank are highlighted in 
the schematic diagram of Figure 3.4-1, These include: 

.Level sensors and gauges to detect and indicate 
the liquid level in the tank. 

Table 3.4-1 

Transfer Spills Are Prevented by Using 
the Following Equipment and Practices 

-Install Overfill Prevention System 
.a Level Sensor and Gauge 
e High Level Alarm 
OAutomatic Shutdown of Valve and Pumps or 

0 Emergency Overflow to Adjacent Tanks 
-Use Dry Connect Couplings on Transfer Pipes/ 
Hoses 

-Transfer Product at Established Stations Equipped 
with Curbing, Paving and Catchment Facilities 

-Install Redundant Valves and Instrumentation 
-Employ Proper Transfer Practices 
-Conduct Regular Inspection and Maintenance of 

Automatic Flow Dispersion 

Spill Prevention Equipment 
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Figure 3.4-1 

Elements of an Overfill Prevention System 
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@High level alarms that are tripped to warn of an 
impending overfill situation. 

@Automatic shutdown controls or automatic flow 
diversion controls that act to prevent tank overfil- 
ling. 

oThe capability for emergency overflow to adjacent 
tanks to collect overflowing product. 

I .  Level Sensors and Gauges 

The level-sensing devices applicable to above- 
ground storage tanks include the following: ( I )  float-ac- 
tuated devices; (2) displacer devices; (3) hydrostatic 
head devices; (4) capacitance devices; (5) thermal con- 
ductivity devices; (6) ultrasonic devices; and (7) optical 
devices. 

Level-sensing devices may be top-mounted or side- 
mounted depending on the type of device and the loca- 
tion of the probe connection on the tank. As in the case 
of underground tanks, careful selection of the probe’s 
materials of COnStNCtiOn is necessary to ensure compati- 
bility with the liquid in the tank. 

Table 3.4-2 presents a comparison of these types of 
level-sensing devices, showing the types of gauges, 
alarms, and automatic controls with which they may be 
interfaced. Examples of capacitance, thermal conductiv- 
ity, ultrasonic, and optical level-sensing devices were 
discussed in Part 11, Chapter 4 of this report. The dis- 
cussion below describes level-sensing devices that are 
applicable primarily in aboveground tanks, such as cer- 
tain float-actuated, displacer, and hydrostatic (pressure) 
devices. 

Float Systems. Float-actuated devices are charac- 
terized by a buoyant member that floats on the surface 
of the stored liquid. They are typically classified on the 
basis of the method used to couple the float motion to 
the indicating mechanism (gauge). 

Chain or Tape Float Gauges. These devices consist 
of a float mechanically connected by a tape or a chain 
to a board or indicator dial as shown in Figure 3.4-2. 
They are commonly used in large atmospheric storage 
tanks because of their low cost and reliability. Their 
disadvantages include the potential for the following (I)  
getting out of alignment; (2) corrosion of the float mate- 
rial when improperly selected; and (3) jamming and 
freezing of the float linkage [7]. 

Lever and Shaft Float Gauges. As illustrated in 
Figure 3.4-3, this type of float gauge consists of a-hol- 
low metal sphere. sometimes filled with polyurethane 
f w m  and a lever attached to a rotary shaft that transmits 
the float motion to the outside of the vessel through a 
rotary seal. These devices are appkdble to atmospheric 
its well as pressurized tanks. Careful selection of the 
float material is necessary to insure compatibility with 
the liquid. 

Magnetically Coupled Floats. These devices consist 
of a permanent magnet attached to a pivoted mercury 
switch as shown in Figure 3.4-4. As the float rises fol- 
lowing the liquid level, it raises the magnet attractor 
into the field of the magnet which in turn snaps against 
the nonmagnetic barrier tube to tilt a mercury switch, 
When the liquid level falls, the float draws the magnet 
attractor below the magnetic field. The magnet swings 
out and tilts the mercury switch to the reverse position, 
causing actuation of the low level switch. The float and 
guide tube that come in contact with the measured liq- 
uid are available in a variety of materials for resistance 
to corrosion and chemical attack. Magnetically coupled 
float gauges may be used in conjunction with pneumatic 
and electronic controls to operate pumps, valves, alarms 
and other external systems, 

Displacer Systems. Displacer-actuated devices use 
the buoyant force of a partially submerged displacer as 
a measure of liquid level. Vertical motion of the dis- 
placer is usually restrained by some elastic member 
whose motion or distortion is directly proportional to 
the buoyant farce, and therefore to the level of the liq- 
uid. The range is limited to the length of the displacer. 
The coupling of float motion to the indicating 
mechanism is usually accomplished through the use of 
some type of packless mechanism, which frequ ntly 
also constitutes the elastic restraining member. Acc rate 
level measurement with displacement devices dep nds 
upon accurate knowledge of liquid and vapor dens ties. 
Displacer devices can be used in top cage mount ngs, 
or side mountings in vented (atmospheric), pressur zed, 

Torque-tube Displacer. One of the most freq ntly 
used level-measuring devices is the torque-tube dis- 
placer, which is illustrated in Figure 3.4-5, Th dis- 
placer is suspended on a displacer rod attached to tor- 
que tube. This is fixed at its outer end, and sup 1 rted 

or evacuated (vacuum) tanks. 

on a knife-edge bearing at its inner end. The torque 
tube, in addition to being the elastic member, also con- 
stitutes a packless, presure-tight barrier. Inside the tor- 
que tube is a shaft that is fixed to the torque tube at 
its inner end. The rotation of the outer end of the. shaft 
through a range of 5 to IO degrees is porportional to the 
buoyant force exerted on the displacer by the stored liq- 
uid. 

Magnetically Coupled Displacer. A displacer-ac- 
tuated unit employing magnetic coupling is illustrated in 
Figure 3.4-6. Devices of this type commonly have a 
displacer constrained by a spring, and move a drive 
magnet enclosed in a protecting tube. Motion of the 
drive magnet is transmitted to the indicating mechanism 
by a magnetic follower outside the protecting tube. De- 
vices of this type are almost always mounted in external 
displacer cages and require two tank connections, one 
above and one below the liquid level. They are compat- 
ible with both pneumatic and electronic controls. 

Flexure-tube Displacer, A comparatively simple 
displacer device, as illustrated in Figure 3.4-7, consists 
of an elliptical or cylindrical float mounted on a short 

f 
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Table 3.4-2 

Level Detection Devices for Overfill Prevention Systems 
for Aboveground Storage Tanks 

Type of Device 

Float Actuated Devices 
Tape or chain float gauges 

Lever and shaft mechanisms 

Magnetically-coupled floats 

Displacer Devices 
Torque tube displacers 

Magnetically-coupled displacers 

Flexure-tube displacer 

Pressure Devices 
Pressure gauge - open vessel 

Bubble-tube systems 
(gas bubblers) 
Head systems on pressurized tanks 

Capacitance Devices 

Thermal Conductivity Devices 

Ultrasonic Devices 

Optical Devices 

Monitor 
Liquid 
Level 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Level 
Indication Alarm & Shutoff Response 

Gauge 

Gauge 

Gauge 

Gauge 

Gauge 

Gauge 

Gauge 

Gauge 

Gauge 

Gauge 

Gauge 

Gauge 

Gauge 

Interfaces with electronic 
or pneumatic controls. 
Interfaces with electronic 
or pneumatic controls. 
Interfaces with electronic 
or pneumatic controls. 

Mechanical 

Mechanical 

Interfaces with electronic 
or pneumatic controls. 

Interfaces with electronic 
or pneumatic controls. 
Interfaces with electronic 
or pneumatic controls. 
Interfaces with electronic 
or pneumatic controls. 

Audible alarm & automatic shutoff; 
electronic controls. 

Audible alarm & automatic shutoff; 
electronic controls. 

Audible alarm & automatic shutoff; 
electronic controls. 

Audible alarm & automatic shutoff; 
electronic controls. 
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Figure 3.4-2 

l a )  I 

Chain and Tape Float Gauges Used For Level Control 
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Source: From Chemical Engineers' Handbook, Peny, R.H. and Chilton, C.H., Copyright (c) 1973, McGraw- 
Hill, .Inc. Used by permission of McGraw-Hill Book Company. 

Figure 3.4-3 

Level and Shaft Float Gauges Used For Level Control 
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Source: From Chemical Engipeers' Handbook, Peny, R.H. and Chilton, C.H., Copyright (I 
Hill, Inc. Used by permission of McGraw-Hill Book Company. 
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arm connected to the free end of a flexible tube, the 
fixed end of which is attached to a mounting flange. 
Motion of the float end of the tube is transmitted out- 
side the float chamber by means of a rod extending out 
through the tube. These devices are side-mounted and 
are commonly used to actuate directly either an electri- 
cal level switch or a pneumtic pilot. 

Hydrostatic Head (Pressure) Devices. A variety 
of devices utilize hydrostatic head as a measure of 
level. As in the case of displacer devices, accurate level 
measurement by hydrostatic head requires an accurate 
knowledge of the densities of both the liquid and the 
vapor-air misture inside the tank, The majority of these 
types of systems utilize standard pressure or differential 
pressure measuring devices. They are compatible with 
either pneumatic or electronic controls. 

\ 
- 

Figure 3.4-4 

Magnetically Coupled Floats Used for Level Control - EnclosingTube 

Upper Magnet 

c- Magnet Arm 

7 Magnetic Sleeve 

Arm Deprerrad 

7 Magnetic Sleeve 

c- Magnet Arm 

Switch Arm Deprerrad 

Switch .Switch 

Lower Magnet I 

Rslearad 

LOW LEVEL HIGH LEVEL 

Source: Reference 15 

178 



Figure 3.4-5 
I 

Torque Tube Displacer Used for Level Control 

Source: 

From Chemical Engineers’ Handbook, 
Perry, R.H. and Chilton, C.H., .Copyright 
(c) 1973, McGraw-Hill, Inc. Used by per- 
mission of McGraw-Hill Book Company. ’ 
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Figure 3.4-6 

Magnetically Coupled Displacer Used for Level Control 
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Figure 3.4-7 

Flexure Tube Displacer Used for Level Control 
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Figure 3.4-8 

Bubble Tube System Used for Level Control 
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Pressure Gauge Systems on Open Vessels. The 
simplest application of head level measurement is the 
measurement of liquid level in an open vessel, The 
pressure measuring element is located at or below the 
minimum operating level in the tank. Pressure piping 
between the vessel and the measuring element must be 
sloped upward toward the vessel in order to prevent er- 
rors due to entrapped air or other gases. A drain valve 
should be provided at the measuring element to allow 
sediment to be flushed from the piping. These types of 
level sensing devices are compatible with both pneuma- 
tic and electronic controls although .electro-pneumatic 
converters may be required when electronic controls are 
used. 

Bubble Tube Systems. Bubble tube systems consist 
of a tube inserted in the tank through which an air 
stream is maintained. The pressure required to keep the 
liquid out of the tube is proportional to the liquid level 
in the tank. The higher the liquid level, the higher the 
air pressure must be to keep the tube evacuated. A flow 
regulator is used to maintain a constant supply of air 
into the tube. A pressure indicator is located down- 
stream of the flow regulator to measure the liquid level 
by measuring the pressure head exerted by the liquid. 
Bubble tube systems are particularly applicable to corro- 
sive and viscous liquids, liquids subject to freezing and 
liquids containing entrained solids. They are !generally 
used in conjunction with pneumatic controls but they 
may be used with electronic conmls if electo-pneumatic 
converters are provided. Bubble tube :systems are usu- 
ally more expensive than float or displacer systems 
since they require a constant supply of clean and dry in- 
strument air. A bubble tube system is illustrated in Fig- 
ure 3.4-8. 

Head Systems on Pressurized Tanks. In pressurized 
vessels the measurement of liquid level by means of hy- 
drostatic head differs from that in open vessels in that 
a differential pressure measurement is made.' Applica- 
tions of this technique may employ almost any of the 
conventional differential pressure measuring devices. 

Careful attention to the details ofthe installafion is im- 
portant. The density and vapor pressure of the liquid must 
be known. Hydrostatic heads that are not pertinent to the 
desired measurement must be eliminiated or compensated 
for. The level above the lower tank connection,(i.e., the 
discharge connection in the case of an aboveground tank 
and the fill connection in the case of an underground tank) 
is measured by the differential pressure across the measur- 
ing element. This measurement is accurate only if the'fol- 
lowing conditions are met: (1) compensation is made for 
any deviation of the density of the liquid; (2) the connection 
to the low-pressure side of the measuring element contains 
no liquid that has accumulated because of overflow or con- 
densation; (3) the density of the air-vapor mixture above the 
liquid is either negligible or compensated for: and (4) the 
measuring element is located at the same elevation as the 
minimum level to be measured, or suitable compensation 
is made. Either pneumatic or electronic controls may be 
used with thesedevices. 

2. High Level Alarms 

A high level alarm should also be included in the over- 

such as a horn or a buzzer, or an indicator light. Alarms 
may be locally or remotely mounted. When several tanks 
are monitored simultaneously, it is often preferred to have 
both audible and visual alarms. In such case, one indicator 
light is provided for each tank, allowing the operator to 
know which tank is overfilling. The indicator light must be 
located so that it can be readily seen by the person responsi- 
ble for control of the filling operation. 

fill prevention system. This alarm may be an audible device f 

3. Automatic Shutown or 
Flow Diversion 

An automatic control device is a third element in 
the overfill prevention system. Such a device must in- 
terface with the level-sensing device to perform one or 
more of the following functions: 

aPrevent tank overfilling by shutting off the tank 
loading pump. 

OPrevent damage to the tank unloading pump by 
shutting if off at low level. 

aOperate various flow control valves and pumps to 
divert flow to another storage tank if an overfill 
situation occurs. 

Controls can also be provided for loading a pre- 
determined quantity of liquid. For example, a loading 
area at a tank truck loading station could be equipped 
with a level-sensing device and automatic control sys- 
tem which shuts off the flow of liquid when a predeter- 
mined level is reached in the tank truck. A loading area 
equipped with an automatic shutoff device is shown in 
Figure 3.4-9. 

Automatic control devices are mechanical, electri- 
cal or penumatic in nature, although electrical and 
pneumatic controls are more common because they em- 
ploy fewer moving parts and are more adaptable to re- 
mote operation. These types of controls have been dis- 
cussed in Part 11, Chapter 4 of this report. 

< 

4. Emergency Overflow to Adjacent Tank 

An emergency overflow system is the final safety 
step in a complete overfill prevention system. Such a 
system may be activated by the automatic control in the 
event that tank overfilling cannot be avoided through 
other means (e.g., pump shutdown). An emergency 
ovefflow system may also be available for manual oper- 
ation should the automatic control system malfunction. 
Even if an emergency overflow to an adjacent tank is 
provided, a final overflow to the atmosphere must exist 
in case the entire system (tank and overflow tank) is 
filled to capacity. This overflow point must be visible. 
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. .  
5. Personal Monitoring of Systems rate loose. People trip over the inlet cord and never 

notice that the plug has left the socket. Murphy’s law 
is sure to apply. Still, failure can he minimized when 
a reliable instrument system is monitored on a daily 
basis by a reliable person. Time requirements are small; 
dividends in reliability are large. 

It should be kept in mind that no system is fool- 
proof. The most reliable human being has his off mo- 
ments and can forget a routine procedure. Devices tend 
to collect dust, dirt and paint chips that cause wheels 
to stick. Batteries wear out. Electrical connections vib- 

\ 

Figure 3.4-9 

Loading Arm Equipped 
With Automatic Shutoff 

automa t i c  
shutof f  v a l v e 7  

--- 

1 eve1 s e m i  ng 
device 

Level sensing circuit independent of product flow rate, 
pressure or temperature 

I Can be operated electrically or pneumatically 

Source: Emco Wheaton Inc., Fluid Handling Systems, Catalog 28/73, 
Emco Wheaton, Inc., Chamberlain Blvd., Conneaut, OH 
44030, Revised April 1977. 



C. DRY DISCONNECT COUPLINGS ON 
TRANSFER PIPES AND HOSES 

The use of dry disconnect couplings on transfer 
pipes and hoses in lieu of quick disconnect couplings or 
other less reliable means of pipe and hose connection 
has been addressed in Part 11, Chapter 4. Please refer 
to that chapter for details. 

D. REDUNDANT VALVING 
AND INSTRUMENTATION I 

The use of redundant valving and instruments is an ad- 
visable practice in all product transfer operations. Valves and 
instruments can malfunction leading to catastrophic results 
in certain situations. This presence of redundant valves and 
instruments can be an inexpensive way to avoid spills in such 
instances. The primary valve controls .should be near the 
observer’s (delivery person’s) point of .observation. Direct 
communication should be maintained with !he remote 
(secondary) valve control operator, during product delivery. 

E. USE OF ESTABLISHED ’ 
TRANSFER STATIONS , 

All product transfer operations should occur in de- 
signated transfer areas that are equipped with impervi- 
ous surfaces, curbing and spill catchment facilities to 
conrdin and collect any product spills that may occur. 
These containment areas are addressed in Part 111, 
Chapter 3 of this report, 

F. PROPER TRANSFER PRACTICE§ 

Human error is a major cause of spills or  accidents 
during product transfer operations. To avoid or 
minimize transfer spill incidents, all operators should be 
properly trained in a11 loading and unloading operations. 
I t  is important that the operator be aware of all the po- 
tential problems and dangers assoc>dted with the transfer 
operations. and that he/she remain alert at all times. The 
following practices are applicable for hazardous liquid 
transfer operations: 

*The driver, operator, or attendant of any,tank ve- 
hicle must not remain in the vehicle and must not 
leave the vehicle unattended during the loading or 
unloading process. The delivery hose. when at- 
tached to a tmk vehicle, is considered to be a part 
of the tank vehicle. The vehicle wheels should be 
blocked to prevent movement of the vehicle. 

@To minimize the potential of fire or explosion 
wheu transferring Class I (flammable) liquids, 
motors of tank vehicles or motors of auxiliary or 
portable pumps must be shut o f f  while making 
and breaking hose connections. If loading or un- 
loading is done without requiring the use of the 
motor of the tank vehicle, the motor must be shut 
off throughout the transfer operation of the liquid. 

@No cargo tank or compartment thereof used for 
the transportation of any volatile, flammable or 
combustible liquid can be loaded liquid full. Suffi- 
cient space (outage) must be provided in every 
case to prevent leakage from such tank or com- 
partment by expansion of the contents due to rise 
in temperature in transit and must in n o  case be 
less than 1 percent. 

oOn special hoses and couplings designed to pre- 
vent accidental mixing of incompatible materials, 
labels, marking, or color codes should be used. 
The cargo should be clearly identified on a truck 
label. 

Please refer to the discussion of Part 11, Chapter 4, for 
more information on liquid transfer practices. 

G. REGULAR INSPECTION 
AND MAINTENANCE 

The final ingredient in a comprehensive transfer 
spill prevention effort is a regular inspection and 
maintenance program. All of the elements of the trans- 
fer spill prevention system should be inspected on a reg- 
ular basis and repaired or replaced promptly when dam- 
age is detected. This includes: 

BHoses, piping, fitting, ete. 
@Couplings. 
OCnrbs, containment surfaces and catchbasins. 
QLoading area assemblies. 
QPumps and valves. 
*All control instrumentation. 
oAll tanks, tank cars and tank trucks. 
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Part I11 
CHAPTER 5: 

LEAK MONITORING OF 
ABOVEGROUNDTANKS 

A. INTRODUCTION 

The detection of leaks in aboveground tanks can be 
achieved by visual inspections and with the use of leak 
detection instruments. When large tank farms are invol- 
ved, a combination of regular inspections, lea! monitor- 
ing and a preventive maintenance program is used. 

Visual inspection is the simplest method of leak 
detection, and is commonly used in small storage facili- 
ties. This method is most effective'when: 

*Regular inspections are scheduled and assigned to 

eThe method is used in conjunction with 'a regular 

Visual inspection techniques and procedures are dis- 
cussed in greater detail in the next chapter. 

Inventory control may also be employed to identify 
the existence of leaks. This method is discussed in Part 
11, Chapter 6 of this report. 

designated personnel. 

maintenance program. I 

I 

B. ABOVEGROUND LEAK ' 
DETECTION SYSTEMS 

Many of the sensor types and practices that are em- 
ployed to detect or monitor spills from underground 
storage facilities apply to aboveground facilities as well. 
These include the following: 

@Thermal conductivity sensors. 
@Electrical resistivity sensors. 
*Sensors located to monitor the interstitial space of 

The interstitial monitors in double-walled tanks are 
located to monitor fluid levels, or the loss of vacuum 
or pressure between the tank walls. Electrical resistivity 
and thermal conductivity sensors may be used in either 
of the following manners to provide continuous moni- 
toring of aboveground storage facilities: 

*Sensors may be placed in a collection sump or dry 
well within the containment area ,around aboveg- 
round tanks. 

@Sensors may be located underneath tanks or piping 
to detect bottom leaks. ~ 

Sensors used in wet well (collection sump) applica- 
tions may be anchored in the collection sump, ,or they 
may be mounted on a level detection float, thereby 
limiting their exposure to the surface of any collected 

double-walled tanks. 

! 

runoff (stormwater, etc.). Sensors used in dry well ap- 
plications may be mounted directly on the wall of the 
well. Figure 2.5-1 shows applications of thermal con- 
ductivity sensors in wet and dry well applications. 

Leak monitoring sensors may also be placed in pip- 
ing under tanks to detect leaks. An example of such an 
application is a wire grid system (using electrical resis- 
tivity sensors) under a tank that is used to monitor leaks 
that have seeped into the ground from a leak in the bot- 
tom of the tank. Such a system can be used to monitor 
large fuel tanks or other vertical aboveground tanks in 
instances where the bottom of the tank is not subject to 
visual inspections. 

The types of sensors listed above and the as- 
sociated advantages and disadvantages of each are de- 
scribed in detail in Part 11, Chapter 5 of this report. 

i 
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Part I11 
CHAPTER 6: 

INSPECTION AND 
MAINTENANCE OF 

ABOVEGROUND TANKS 

A. INTRODUCTION 

A program of regular inspection, either visual or 
using various instruments, to determine the integrity of 
the tank is essential to the early detection of leaks. The 
detail and frequency of these inspections should ,depend 
on the severity of the threat to life and property posed 
by the storage facility should an undetected leak or sud- 
den spill occur. At a minimum, the pmgram ehould. 
consist of visual inspections at regular and frequent 
(e.g. weekly) intervals. In  the case of large bulk storage 
facilities the inspection program should be coupled with 
a maintenance program and both should be incorporated 
into a written document. The following discusses the 
equipment and parts to be inspected, gives details on 
the methods and frequency of equipment inspections, 
and the corrective action that should be taken when an 
inspection deficiency is discovered. 

\ 
/ 

B. VISUAL INPECTION OF TANKS 

A visual inspection is the simplest way to detect 
corroded or broken equipment. Since corroded parts will 
eventually lead to the leakage and rupture of tanks the 
early detection and replacement of faulty equipment is 
necessary IO prevent spills. Tanks and auxiliary equip- 
ment should be inspected externally and internally, but 
since they are usually in service, external inspections 
can be carried out more readily and frequently. A visual 
inspection typically includes the points outlined in Table 
3.6-1. The inspection items include the tank itself as 
well as the associated equipment such as pipes, valves, 
fittings, heat exchangers, pumps, compressors, and in- 
strumentation and controls. 

In conducting a visual inspection, the inspector 
should be careful to note any design deficiences and im- 
provements or needs that could help prevent a spill or 
leak. For example, an inlet nozzle placed too close to 
the wall of a tank storing sulfuric acid could lead to 
wahing away of the tank's protective ferrous sulfate 
film, resulting in accelerated tank deterioration. 

Table 3.6-1 

Tank Inspection Point Listing 

1. Visual Inspection - Tank in Service 
A. External Inspection 

Walkways 
1. Ladders, Stairways, Platforms and 

- corroding bolts 
- cracked or spalled concrete pedestals - low spots where water can collect 

2. Foundations 
- erosion 
~ uneven settlement - cracks and spallinginconcrete pads, base 

rings and piers - water seal between tank bottom and the 
foundation - distortion of anchor bolts 

3. Pipe Connections 

- external corrosion - cracks and distortion 
4. Protective Coatings 

- rust spots, blisters, and film lifting 
5 .  Tank Walls 

bottoms 
-corrosion on the underside of tank 

- discoloration of paint surface - cracks at nozzle connections, in welded 
seams and metal ligament between rivets - cracks, buckles and bulges 

6 .  Tank Roofs 
~ malfunctioning of seal - blockage of water drains on roofs - general corrosion signs 

B. Internal Inspection-Tank Out of Service 
I .  Tank Internal Preliminary Visual Inspection 

- roof and internal support 
-shell and bottom - vapor space 
~ liquid level line 

2. Roof and Structural Members 
- roof seals - roof corrosion . roof thickness 
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I 3. Tank Shell 

- vapor space and liquid-level line - cracking of plate joints - cracking of nozzle connection joints - bulges. holes or cracks of lining (if the 
inside shell is coated) 

4. Tank Bottom 
- corrosion pits - spring Seams - rivets for tightness and corrosion 
-.depressions in  the bottom areas around 

or under roof supports and pipe supports 
-bottom thickness 
- unevenness of the bottom 

II. Visual Inspection of Pipes, Valves and Fitting 
- loss of metal thickness - pipe bends - elbows - tees - orifice plates 
- throttling valves - other areas of flow restriction 

111. Visual Inspection of Pumps and Compressors 
-foundation cracks and uneven settling - leaky pump seals 
- missing anchor bolts 
- excessive vibrations and noise 
- deteriorating insulation 
- accessible power shut-off switch - filled lubricating oil reservpir 
- odor and smoke 
- excessive dirt 
- excessive corrosion 
- vibration level of pumps 
-leaks and cracks of assembly 6olts. 

gaskets, cover plates, and flanger 
IV. Visual Inspection of Instruments, Control ' 

I 
Equipment, and Electrical Systems 

- check proper operation of equipment by 

- according to manufacturer's recommend- 
qualified personnel 

ed frequency and methodology 

The following sections address the tank items that 
should be inspected. 

1. External Inspection - Tank in Service 

An external inspection should include the following 
components of the tank ladders, stairways, platforms, 
walkways, foundations, anchor bolts, pipe connections, 
ground connections, protective coatings, insulation, tank 
walls, tank roofs, and valves. 

Ladders, Stairways, Platforms and Walkways. 
Even though the failure of any of these equipment items 
would probably not cause leakage or rupture of a tank, 
they do pose significant safety hazards and are indica- 
tive of the overall condition of the tank facilities. Stair- 
way or walkway failure may be imminent if the con- 
crete pedestals are cracked and spalled. All bolts should 
be checked for corrosion at the contact points. Rust 
stains showing through paint are evidence of corrosion. 
Low points where water can collect should he examined 
carefully. The thickness of metals should be checked 
with calipers and equipment can be hammered to check 
integrity. All defects found should be marked with paint 
and recorded, and repair should proceed as soon as pos- 
sible. 

Foundations. Erosion and uneven settlement 
should be detected and corrected before serious damage 
occurs. Concrete pads, base rings, and piers should be 
examined for cracks and spalling. Such deterioration 
can be uncovered by scraping the suspected areas. The 
ioint between the tank bottom and the concrete pad or 
base ring may have a seal for stopping water seepage 
and if so, it should be inspected for deterioration. Any 
wooden supports for tanks should be checked for rot by 
hammering. Metal loss in'steel columns or piers can be 
checked by caliper readings that should be compared to 
the original thickness. Anchor bolts can be checked by 
visual inspection and hammering. Serious foundation 
settlement is usually indicated by distortion of anchor 
bolts, buckling of columns, and excessive concrete 
crackinp. 

Pipe Connections. The pipe connections to a tank 
should be inspected for external corrosion by visual 
examination, scraping and picking. Underground piping 
should be uncovered if severe soil corrosion is sus- 
pected. The pipe should be scraped and cleaned for vi- 
sual inspection. In the event that the tank has settled ex- 
cessively, special attention should be given to the piping 
connections that may have been loosened. 

Protective Coatings. Rust spots, blisters and film 
lifting of the tank's protective coating can usually be 
detected by visual inspection or by scraping the film in 
suspected areas. Paint blisters usually occur on the roof 
and on the sunny side of the tank. Film lifting com- 
monly occurs below seam leaks. 

\ 
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Tank Walls. External corrosion Caused by corro- 
sive elements in the soil can occur on the underside of 

\ tank bottoms. If any foreign material has collected 
around the bottom of the shell, or if the tank is below 
grade, the shell should be inspected at least a foot 
below grade at several locations. Visual inspection, 
picking, scraping and hammering are usually sufficient 
to locate corroded areas. When corrosion is found, 
thickness measurements should be taken at corroded 
points. This can be accomplished by ulwdsonic, radiog- 
raphic, or radiation-type instruments. The thickness 
measured externally should be compared with the thick- 
ness measured internally to locate the thinnest points 
and to determine the corrosion allowance left to safely 

In addition to corrosion detection, the tank shell 
should be inspected for leaks, cracks, buckles and 
bulges. Leaks can be spotted by a discoloration of paint 
in the area below the leak, or by leak testing devices 
such as ultrasonic or vacuum devices. Cracks can be 
found at nozzle connections, in welded seams, and un- 
derneath rivets. Cracks, buckles and bulges can initially 
be spotted by visual inspection, and their extent can be 
more thoroughly determined by techniques such as the 
magnetic-particle, penetrant-dye or vacuum box 
methods. 

All the external valves o n  the tank should be visu- 
ally inspected to ensure that the seating surfaces are in 
good condition. I f  there are signs of corrosion. the 
thickness should be measured. In cold weather, water 
draw-off valves should be inspected closely to detect 
possible damage from freezing. Pressure vacuum vents 
and breather valves should also be inspected for plug- 
ging, tight seats and corrosion. All pressure gauges 
should be tested for accurate readings by using a dead- 
weight tester or its equivalent. 

Tank Roofs. Tank roofs should be inspected thor- 
oughly by hammering, regardless of appearance, due to 
the strong posibility of corrosion. However, some safety 
measures should be taken before and during the inspec- 
tion especially when the roof stability is questionable. 
Gas tests should be conducted prior to inspection of the 
roof as well as tests for structural stability. Safety meas- 
ures during inspection should include wearing a safety 
belt. Water drains on roofs should be inspected fre- 
quently for blockage. since the accumulation of precipi- 

. operate the tank. 

\ 
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vapor space, the liquid level line, and the bottom are 
the areas most susceptible to corrosion. An inspector 
should pay special attention to these areas. 

Roof and Structural Members. A visual inspec- 
tion of the roof interior usually suffices. However, 
thickness measurements should be performed when cor- 
rosion is evident. Special attention should be given to 
interior roof seals. 

Tank Shell. The shell should be examined visually 
for corrosion. The plate joints and nozzle connection 
joints should also be inspected for cracking. If any 
cracking is found, a more thorough investigation by 
magnetic-particle, penetrant-dye, or radiographic 
methods may be needed to determine its extent, 

When the inside surfaces of a tank are lined with 
corrosion resistant material it is important to check for 
holes or cracks in the lining. When rubber, glass, or- 
ganic or  inorganic linings are used, the general condi- 
tion of the surface is first inspected for mechanical dam- 
age. Holes in the lining can be evidenced by bulging, 
blistering or spalling. A thorough method of inspecting 
for leaks in such linings is to use a high-voltage, low- 
current electrode that is passed over the non-coriductive 
lining while the other end of the circuit is attached to 
the steel of the tank. An electric arc will form between 
the brush electrode and the steel tank through any holes 
in the lining. Caution must be used to insure that the 
test voltage is not too high since an excessive voltage 
may cause damage to the lining surface. 

Considerable care should be taken * when working 
inside lined tanks to avoid mechanical damage to the 
lining. Glass-lined tanks, for example, are especially 
susceptible to severe damage that cannot be easily re- 
paired. Glass-lined tanks should never be hammered on 
the inside or the outside in order to test their integrity. 

Tank Bottoms. Tank bottoms should be hammered 
thoroughly to detect corrosion pits and sprung seams. 
The rivets should be checked at random for tightness 
and corrosion, The depressions in the bottom, the areas 
around or under roof supports and pipe-coil supports 
should also be checked for corrosion. Bottom thickness 
should be measured at various locations and recorded to 
ensure that a minimum thickness is maintained. Un- 
evenness of the bottom may be caused by settling and 
should be checked visually. 

C. VISUAL INSPECTION OF 
PIPES, VALVES, FITTINGS AND HOSES 

cation .can.cause a-floating roof to sink and fixed roofs 
to fail or corrode more rapidly. 

2. Internal Inspection - Tank Out of Service 

Internal Preliminary Visual Inspection. As in the 
case of underground tanks, the safety aspects preceding 
an internal inspection are very important. The tank must 
be emptied of liquid, freed of gases, washed and 
cleaned, Adequate lighting and the necessary safety 
equipment should be specified. For safety reasons, the 
roof and internal supports should be inspected first, fol- 
lowed by the shell and the bottom. Ordinarily, the / 

Inspections of pipes, valves, and fittings are usu- 
ally conducted to note any losses in metal thickness due 
to external or internal deterioration. These equipment 
parts are subject to erosion or wear due to the effects 
of high liquid turbulence or  velocity. Leaks are particu- 
larly likely to occur around pipe bends, elbows, tees, 
and other restrictions, such as orifice plates and throt- 
tling valves. Loading or unloading hoses used as flexi- 
ble connections between the vehicle and storage tank 
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are also subject to wear and tear. Damage to the hose 
is often caused by the tank vehicle running over it dur- 

Visual inspection techniques conducted while the 
tank is in operation include checking for: ( I )  leaks, (2) 
misalignment, (3) unsound piping supports, (4) vibra- 
tion or swaying, (5) external corrosion, (6) accumula- 
tions of corrosive liquids, and (7) indications of pipe 
fouling. Thickness measurements can ,be made while the 
pipes are in operation utilizing ultrasonic or radiog- 
raphic techniques. 

If the tank is out of service, piping can be opened 
at various places by removing a valve or fitting or by 
springing the pipe apart at flanged locations to permit 
internal visual inspection. A flashlight or extension light 
is needed in most cases and a probe-type instrument, 
such as a borescope, or a mirror and light will permit 
a more detailed view. If corrosion or.erosion conditions 
are noted visually for some parts, radiographic or ul- 
trasonic techniques can be used to :inspect the entire 
length of pipe, if inaccessible to visual examination. 

Pressure tests for pipes may include a design test 
for newly installed systems and a leakage and tightness 
test for existing sytems. Various mediums used for pres- 
sure testing including water, steam, air, and carbon 
dioxide or other inert gases. These types of'tests involve 
pressurizing a sealed length of pipe section or the piping 
system to determine the structural integrity. Leaks are 
detected through failure of the pipe to contain the pres- 
surizing medium (steam, air, or inert gas). All seams 
should be soaped during pressurizing. ,A leak will be in- 
dicated by bubble formation. 

Piping systems which can not be inspected visually 
are frequently pressure tested. They include: 

Wnderground and other inaccessible piping. 
eWater and other nonhazardous utility lines. 
Complicated manifold systems. 
.Small pipe and tubing systems. 
*All systems after a chemical cleaning operation. 

ing loading and unloading operations. t 

D. INSPECTION OF PUMPS 
AND COMPRESSORS 

Mechanical wear is- the predominant cause of de- 
terioration of pumping and compression equipment, al- 
though erosion and corrosion are also responsible for an 
appreciable amount of deterioration. Other deteriorating 
factors include improper conditions, piping stresses, 
cavitation, and foundation deterioration. 

Routine visual inspections of pumps and compres- 
sors to determine general conditions during operation 
should focus on the following danger signs: 

.Foundation cracks and uneven settling. 
@Leaky pump seals. 

.Leaky piping connections. 
' .Missing anchor bolts. I 

I 

I 

QExcessive vibrations and noise 
sDeteriorating insulation. 
Wartially fuli or empty lubrication oil reservoir. 
QMissing safety equipment such as a pump cou- 

pling guard. 

L QPartially fuli or empty lubrication oil reservoir. 
QMissing safety equipment such as a pump cou- 

pling guard. 
.A burning odor or smoke. 
QExcessive dirt. 
0Excessive corrosion. 

Since vibration can rapidly deteriorate a pump or com- 
pressor, periodic examination of the vibration level should 
be made using an electronic vibration meter, Inspection of 
all assembly bolts, gaskets, cover plates, and flanges 
should be conducted to detect leaks and cracks as a result 
of vibration or abnormal operating conditions. 

When a pump or compressor is taken out of ser- 
vice, the mechanical components should be checked for 
wear. clearance. deformation. corrosion, erosion, and 
any other changes detrimental to safe operation. Disas- 
sembly should be executed according to the manufac- 
turer's recommendation. 

E. VISUAL INSPECTION OF 
INSTRUMENTS, CONTROL EQUIPMENT 

AND ELECTRICAL SYSTEMS 

Instruments and control equipment are classified accord- 
ing to the type of measurement or function performed. 
They include: 

oFlow rate controls. 
eLevel controls. 
QTemperature gauges. 
QPressure gauges. 
oControl valves. 
oAlarms and emergency shut-off devices. 
oAnalyzers. 

The inspection of these instruments and controls in- 
cludes checking transmission systems, power supplies, 
seals. purges, panels. and other assockdted equipment. 
In many cases, instruments and controls are inspected 
daily by the operator since they are an integral part of 
the daily operation of the facility. All instrumentation 
and coRtroI equipment should be thoroughly inspected 
and calibrated according to the manufacturers' recom- 
mended frequency and methodology, 

Environmentdl conditions such as heat, moisture, 
chemical attack, and dirt are major reasons for deterio- 
ration of electrical systems. Insulation, enclosures, 
operating mechanisms, insulating and lubricating oils, 
protection relays, bearings, batteries, connectors, and 
rectifiers are items that should be inspected. 

I89 



F. INSPECTION OF 
VAPOR CONTROL SYSTEMS 

\ 
There are two main areas of concern with regard 

to the inspection of the vapor control systems described 
in Chapter 1 of this part of the report. The first is the 
inspection of pumps, compressors, and general plumb- 
ing which was covered in detail in the previous sec- 
tions. The second is the inspection of the vapor holding 
tank if the system is so equipped, Most systems do em- 
ploy the use of a vapor holding tank. Areas of inspec- 
tion of the vapor holding tank include the following: 

eThe bladder height gauge, which should be 
checked for proper working condition. 

BThe pressure release valve, which should be 
checked for clear lines. 

eThe area between the bladder and shell should be 
checked with an explosimeter for detection of 
vapor leaks. 

oThe cycling schedule, which should be monitored 
to determine if the system is operating properly. 

These first two of the items or areas are usually located 
on the roof of the holding tank. 

If inspection encompasses loading time, fittings to 
the tank truck from loading racks should be inspected 
for proper fit. Inspection serves the purpose of ensuring 
that the system is operating safely and efficiently. 

G .  INSPECTION TOOLS AND 
ELECTROMECHANICAL EQUIPMENT 

\ 
/ 

When visual inspection suggests that took are 
needed for a more derailed inspection, simple hand tools 
may be used as an initial aid. Tools such as a scraper, 
digger or flange spreader are indispensible for visual in- 
spection. Additional tools such as hammers. mirrors, 
magnifieis. magnets. and plumbing tools (e.g. levels or 
a plumb bob) are also helpful. 

When the inspection requires more sophisticated 
equipment, there are many types of tools that can be 
readily purchased. The mechanical measuring tools in- 
clude calipers. micrometers, scales. measuring tapes. 
and wire gauges. Useful electronic devices include ul- 
trasonic and electromagnetic instruments, which provide 
nondestructive means of determining wall thickness. 

In addition, there are chemical examination and de- 
structive test methods that can be employed to evaluate 
storage system component performance. Destructive 
testing typically involves taking a sample of a tank or 
pipe wall. weld, etc. for detailed inspection and analy- 
sis, often under laboratory conditions. 

Chemical examination can involve either of the fol- 

eSpot testing in the field, where the reaction of a 
storage system component to exposure to a specif- 
ic chemical is usually evaluated. 

QLaboratory analysis, where a sample taken from 
the storage facility is closely analyzed under labo- 
ratory conditions. 

Destructive tests and chemical examination are useful in 
providing detailed performance data at either the mac- 
roscopic or the microscopic levels, depending upon the 
choice of examination technique. 

The selection of a particular test method depends 
on the type of tank to be inspected, the extent of the 
inspection and the equipment available. Commonly used 
methods of inspecting aboveground tanks are discussed 
below. 

lowing: 

1. Hammering 

Hammering, or physical inspection or testing with 
a hammer, is worthy of some discussion. As an inspec- 
tion tool, hammering reveals more than that disclosed 
solely by sound. Vibration, denting, and movement are 
also indicators of defects found with this method. So- 
called hammer testing, when employed by an inspector 
experienced in the art, offers a simple and effective tool 
for indicating that some discrepancies may exist and 
disclosing that others actually do exist. Such defects as 
areas of reduced thickness in walls of tubes, pipes, and 
pressure vessels; burned (oxidized) areas in tubes; 
cracks; loose joints; and intergranular cracking may be 
revealed. 

It is difficult to explain how to make a hammer 
test. An inspector must sense what the hammering reve- 
als; hence, a proficiency in the method can be gained 
only by actual experience. This experience can be accel- 
erated by practicing on scrap pipe, tubes, plates, and 
other sections, where a comparison can be made of 
what is heard, felt and seen by hammering with the re- 
sults of actual measuring. It should be recognized, how- 
ever, that hammer testing of loose items will be differ- 
ent from the testing of items that are installed. 

The accuracy of sounding with the hammer is de- 
pendent upon the ability to distinguish small differences 
in sound, coupled with the amount of rebound experi- 
enced when a blow is struck and the ability to translate 
these sounds and rebounds into metal soundness and 
thickness. Care must be taken in the hammer testing of 
equipment. This is true especially if hammer testing is 
permitted on in-service equipment. Normally a more ac- 
curate means than hammer testing, such as radiography 
or ultrasonics, should be used to determine metal thick- 
ness in the area around a leak or on areas suspected to 
be extremely thin. 
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Certain equipment should not be subjkcted to ham- 
mering as harm might result therefrom, In this classifi- 
cation are: 

eEnameled, ceramic, or glass-lined pieces, where 
the lining may be injured. 

eEquipment in caustic service, even though it has 
been stress-relieved. Stress-corrosion cracks have 
been found at hammer marks in such equipmerit, 
even when hammered from the outside. 

oBrittle materials, such as cast iron; some high al- 
loys of steel; and some nonferrous materials, such 
as brasses and bronzes. (Light tapping with a 
hammer may be permissible on some of these ma- 
terials.) 

oOther locations where hammering might result in 
stress corrosion or cracking. 

2. Penetrant Dye Method 

Penetrant dyes are often used to detect surface 
cracks in the outside of a tank that would not be re- 
vealed by a visual inspection. The penetrant dye is ap- 
plied to a cleaned and dried surface by either brushing 
or spraying. After a few minutes of contact time the dye 
is cleaned off the surface. A chemical developer is then 
sprayed on!o the surface to give a white appearance 
upon drying. Any dye remaining in cracks, holes, etc. 
stains the developer and exposes the extent and size of 
any defects. 

I 

I 3. Vacuum Box 

The vacuum box is an open box in which the lips 
of the open side are covered with a sponge rubber gas- 
ket. The bottom of the box is made of glass. A vacuum 
gauge and air siphon connection are installed inside the 
box. The seam of the tank shell is first wetted with a 
soap solution, then the vacuum box is pressed tightly 
over the seam. The foam-rubber gasket forms a seal that 
allows a vacuum to be drawn inside the box by the air 
siphon. If any leak exists, bubbles will form inside the 
box and can be seen through the glass. 

4. Ultrasonic Instruments 

Ultarasonic instruments can be used to'measure the 
tank's thickness and determine the location, size and na- 
ture of defects. They can be used while th,e tank is in 
operation as only the outside of the tank needs to be 
contacted. Two types of ultrasonic instruments, the re- 
sonance and the pulse type, are most commonly used 
for tanks. The pulse type instrument utilizes electric 
pulses and transforms them into pulses of ultrasonic 
waves. The waves travel through the metal until they 
reach a reflecting surface, The waves then are reflected 
back, converted to electrical pulses and show up on a 
time-base line of an oscilloscope. The instrument is 

calibrated by using a material of known thickness. 
Therefore, the time interval between the pulses corres- 
pond SO a certain thickness. 

There are two types of resonance-type ultrasonic 
instruments. In one of these, an electronic oscillator 
transmits electric energy of constant ultrasonic fre- 
quency to a crystal (transducer) which, in turn, converts 
this energy into mechanical pressure waves that travel 
through the material being measured in the direction of 
its thickness. The pressure waves travel at a constant 
velocity and are reflected at the opposite surface back 
to the crystal. Because velocity through a given material 
is constant, the time required for a wave to circumnavi- 
gate is a function of the distance traversed - in this 
case, equal to twice the thickness. Therefore, by 
measuring the time interval, the thickness can be deter- 
mined. 

In the other type of resonance device, a crystal 
(piezoelectric transducer) is applied to the surface of the 
wall to be measured, and an electronic circuit causes it 
to vibrate over a range of frequencies. When the vibrat- 
ing frequency of the crystal matches the natural fre- 
quency of the vibration of the material being measured, 
a signal is fed through the circuits of the instrument and 
interpreted electronically as an indicated thickness. This 
indication is fed to an oscilloscope tube and emerges as 
a series of vertical lines across the face of the tube. 
These lines indicate thickness on a transparent plastic 
scale mounted directly o n  the face (front) of the oscil- 
loscope tube. 

A crew of two men operate this instrument: one is 
located at the tube; the other may be several hundred 
feet away, with the crystal and oscillator, on a tank or 
vessel. 

/ 

f 
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5. Radiographic Tools 

Radiography is used to detect flaws, such as cracks 
and voids, in opaque (solid) materials. In  this method, 
the object to be inspected is placed between an elec- 
tromagnetic ray source of realtively short wavelength 
and a photographic film. When the rays pass through 
the object, the absorption of rays by cracks or other 
voids is less than that of the solid m;lterial. After the 
film has been developed, the flaws will appear as dark- 
ened areas, approximating the size and shape of the 
flaws, while the remainder of the exposed object will 
appear lighter. Objects of uniform density and thick- 
ness, with no flaws, will produce pictures of a uniform 
shade. 

Radiography may also be used for determining wall 
thickness, product build-up, blockage, and the condition 
of internal equipment such as trays, valve parts, tber- 
mowells, and the like. 

The rays commonly used in storage system inspec- 
tion are the X-ray and the gamma ray, The X-ray i s  
produced in a tube within an X-ray machine; the gamma 
ray is produced from a radioactive material contained in 
a small capsule. The two rays are similar. 

\ 
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Special precautions must be taken where there is 
the possibility of exposure to X-rays or gamma rays. 
Radiography can only be conducted by qualified radiog- 
raphers and assistant radiographers. Radiographers have 
successfully completed a course in Radiation Health 
Physics as prescribed by the Nuclear Regulatory Com- 
mission (NRC). Training and experience are required to 
correctly interpret the images produced on the radiog- 
raphic film. The use of radioactive isotopes by a com- 
pany must be licensed by the NRC. 

6. Other Radiation-Type Instruments 

In addition to the X-ray and gamma-ray instru- 
ments used to radiograph materials for defects, hand- 
portable gamma-ray instruments have been developed 
that are particularly adaptable to measuring piping and, 
to a lesser extent, vessel-wall thicknesses. These instru- 
ments contain a radioisotope: therefore, some caution is 
required. However. the amount of radioactive material 
is small, and there is n o  danger if simple precautions 
are taken. 

The principle of the radiation-type instrument is 
as follows: Gamma rays are sent through the wall 
whose thickness is being analyzed and a count is taken 
of the rays that pass through. The rays that do not pass 
through are a function of-the density and thickness of 
the wall. Because the density is a known constant, the 
thickness can be determined with an error of less than 
_I 

n. FREQUENCY OF INSPECTIONS 

Inspection intervals for a tank and its equipment 

OResults of previous visual/maintenance inspec- 

@Availability of the equipment. 
@Materials of construction, corrosion allowance, 

properties of the product stored, and corrosion 
rates. 

are subject to the following factors: 

tions. 

QPotential risks of air or water pollution. 
QPotential risk for personnel injury. 
The results of previous visual maintenance checks 

can influence the inspection interval. An inspection that 
indicates that portions of the tank are in various stages 
of corrosion would warrant a shorter inspection interval, 
whereas, if previous inspections indicate little or no de- 
terioration a longer inspection interval may be possible. 

A more convenient and thorough inspection of a 
tank and its associated equipment can be accomplished 
when it is empty. Visual external inspections can be 
scheduled on a routine basis, usually weekly, whereas, 
internal inspection can take place when the tank is out- 
of-service due to reasons other than an internal inspec- 
tion. However, if a tank is suspected to be rapidly cor- 
roding or leaking due to cracks or holes, it should be 
taken out of service for immediate inspection and re- 
pair. Additionally, if the tank’s material of construction 
is being corroded rapidly by the stored product, the con- 
tents should be transferred to a corrosion-resistant tank. 

Other specific factors relating to siting, such as the 
distance of the tank from surface and groundwater 
supplies, may justify an inspection schedule that is 
or frequent. 

A. 3 peicrlii. 
Considerable experience is required to operate radi- 

ation-type instruments proficiently and safely. It is re- 
commended that several persons be trained until profi- 
cient in  the use and handling of these instruments, and 
that only these Dersons be used as ooerators. Rddiation- 

/ 

type instruments are delicate and ihhould not be used 
roughly. 

7. Acoustic Emissions Testing [4,5] 

The acoustic emissions testing technique employs 
piezoelectric transducers to monitor the acoustic emis- 
sions given off by a material during corrosion or dis- 
bonding. In effect, the technique involves “listening” to 
detect the presence of corrosion or other stressful situa- 
tions (e.g., imminent structural failure) in a structure. 
Typically the area being inspected is heated to 160” - 
180°F to accelerate any corrosive activity or worsen 
other stressful situations. The transducer is then held 
over the spot by thumb pressure and the accoustic emis- 
sions can be detected by instrumentation or heard by the 
operator if an audio monitor is used. 

Acoustic emission technology is applicable in the 
following areas: 

BThe detection and location of flaws in structures. 
@Leak detection and location. 
BCorrosion detection and location. 
@Real-time detection and location of flaws during 

/ welding operations. 

I. MAINTENANCE OF 
ABOVEGROUND TANKS 

Preventive maintenance and routine repairs are re- 
quired for safe and efficient operation. Maintenance 
procedures may include the following: 

@Tank patching. 
@Sand blasting for paint and rust removal. 
BRecoating and relining. 
QReplacement of valve packing. 
OReplacement of gaskets for tank openings and 

mDike wall grading and stabilization. 
@Repairs or replacement of tank insulation. 
@Instrument maintenance and repair. 
@Inside cleaning and scale removal. 
@Pigging or cleaning of pipelines with a pig or 

@Tank and accessories cleaning and rinsing before 

flanges. 

scraper. 

using the tank to store a different product. 
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Part I11 
\ CHAPTER 7: 
- TEMPORARY CLOSURE, 

ABANDONMENT AND REMOVAL 
OF ABOVEGROUND TANKS 

A. INTRODUCTION 

As is the case with underground storage system 
components, the options available for the temporary or 
permanent closure of aboveground storage tanks are 
temporary closure at the site, abandonment at the site, 
or removal for disposal or reuse offsite. The reasons for 
using these practices. circumstances of application, typi- 
cal procedures and relative costs are sucimarized in 
Table 3.7-1. 

It cannot be overemphasized that the selection of 
proper precedure for the closure of aboveground storage 
tanks is important to prevent spills, leaks, fires, explo- 
sions and other releases of toxic or hazardous substance 
such as vapors to the environment. As stated in Part 11, 
tank closure concerns must focus on such items as tank 
integrity, tank safety and security of the facilities. Con- 
cerns of particular importance for aboveground storage 
tanks are tank decontamination and tank dismantling. \ 

/ 

B. TANK DECONTAMINATION 

The decontanlination of a tank is important in any 
temporary or permanent tank closure scenario. This is 
particularly true in the case of tanks which are being 
closed on-site, because these tanks remain visible and 
.accessible to the public. The concerns in tank decon- 
tamination should focus on procedures to do the follow- 
ing: 

aRemove all liquid product from the tank. 
@Close off all piping to prevent re-entry of vapor 

@Free the tank of any vapors to the extent possible. 
@Remove all sludge or other residues from the 

@Thoroughly clean the tank walls, floor and roof. 

or liquids into the tank. 

tank. 

Vapor-freeing of the tank is necessary to remove 
any potential ignition or personnel exposure hazards. 
Depending upon the type of tank (e.g., fixed-roof at- 
mospheric, floating-roof atmospheric, pressurized. etc.), 
the vapors may be displaced by mechanical ventilation. 
steam ventilation, or natural ventilation. 

Sludge may be removed by various methods or by 
a combination of methods, depending on the construc- 
tion of the tank and the number and size of shell open- 
ings. Possibly the simplest method is to wash, brush, or 
sweep the sludge into piles and shovel it into buckets 
or wheel harrows to remove it from the tank, sweep and 
wash down the tank with a water-hose stream; and re- 
move remaining moisture from the tank by using an ab- 
sorbent such as sawdust, spent clay or rags. While re- 
moving sludge by such methods, care must be taken to 
minimize the release of vapors from the sludge. 

If the tank has floor-level cleanout manways, most 
of the sludge may be removed by flushing it from the 
tank with a high-pressure water stream. If such open- 
ings do not exist, pumps of the self priming type, or 
steam or water operated ejectors may be used. Any 
method of removing residual material from the tank that 
minimizes the time men must spend within the tank 
contributes to the safety of the tank-cleaning operations. 

In all flushing operations, a large volume of con- 
taminated water will be generated. This water cannot be 
discharged to a storm sewer or emptied onto the ground 
surface unless treated to remove the contaminants. Man- 
ual methods of sludge removal may be employed with 
flammable solvents or oils being used for the cleanup. 
The cleanup solvents or oils can be dispoeed by inciner- 
ation. 

Vacuum tank trucks also provide a fast and effi- 
cient method for removing and hauling sludge from 
tanks being cleaned. Where such equipment is used, the 
area of operation must be proved to be vapor-free and 
the truck should be located upwind from the tank and 
outside the path of probable vapor travel. In the area of 
discharge of sludge from the tank truck, vapor travel 
and sources of ignition must be considered. 

In any tank cleaning operation, concern must focus 
on worker safety. Without proper safeguards and proce- 
dures, injury or property damage may result from one 
or more of the following: 

, OOxygen deficiency. 
OExplosion or fire. 

oThe presence of toxic liquids, vapors or dusts that 

@Physical hazards such as slipping, tripping or fal- 

For more information on the procedures involved 
in tank cleaning, the degree of hazard associated with 
these operations, and the precautionary steps that should 
be taken, please refer to the sources listed in Table 3.7- 
2 [1,2,5,6,7,81. 

are dangerous to breathe. 

ling objects. 
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Table 3.7-1 

Closure, Abandonment and Removal of Aboveground Tanks 

Closure Practice Circumstances of Aoolication Tvuical Procedures 
Reason for Practice and Relative 

Costs/ Remarks 

Temporary Closure 
(temporarily out 
of service”) 

For sound tanks intended to be 
returned to service wilhin two 
years, or scheduled for abandon- 
ment or removal within 90 days. 

Provides for safeguard against 
tampering or.accidental use until 
the ultimate fate of the tank is 
determined. 

Abandonment in 
Place 

Tank Removal 

Permanent closure technique that 
avoids the cost of tank removal. 

Use of this method is dependent 
upon the tank age and salvage 
value and the projected use of 
the site after.closure. 

Local regulations may prohibit 
the use of this method. 

For tanks intended for junking 
(to recover salvage value) or 
reuse offsite, 
May be required by local regula- 
tion or because of the projected 
future use of the site. , 

Remove product from the tank. For in- 
flammable liquids remove all product. 
For Pammable liquids. leave sufficient 
residual quantity to assure saturated 
vapor space, Check with the manufac- 
turer or other chemical data information 
source to determine the required residual 
volume. Thorough washing and rinsing 
of tank may be required if it is to be 
for a different product or one that is 
incompatible with the initially stored 
product. 
Capall fill and draw-off lines as close 
to  the tank as possible to prevent flow 
of vapor or product back into the tank. 
Cut off power to the tank pumps. 
Leave any vent lines open if flammable 
product remains in the tank. 
Anchor tank t o  prevent flotation if 
located in a flood plain. (Ideally, in such 
a location. the tank should be anchored 
during use as well.) 
Remove all liquid possible from the 
tank and piping system. 

Disconnect and cap a11 fill. gauge. vent 
and product lines. 

Free the tank of all flammable or toxic 
vapors. 
Remove all sludge or other tank residues. 
Thoroughly clean the inside of the tank. 
Secure entranceways 10 prevent casual 
or accidental entry into tank. 
Anchor tank to prevent flotation if 
located in a flood plain. An inert mate- 
rial such as sand or gravel could be used 
to provide the necessary ballast in such 
an instance. 
Remove a11 liquid from the tank and 
piping system. 

Disconnect and cap all fill. gauge. vent 
and product lines. 

Free the tank of all flammable or toxic 
vapors. 
Remove all sludge or other tank residues. 

Thoroughly clean the outside of the 
tank. 

Relatively 
low costs. 

Relative costs 
range from low 

to high. 
For safety reasons 
abandonment in 
place should be 

considered less de- 
sirable than re- 

moval of the tank. 

Relatively high 
costs. 

For safety 
reasons, tank re- 

moval is more de- 
sirable than aban- 
donment in place. 
Tank dismantling 
from the outside 

is perferred. when 
possible, to limit 
worker exvosure 

Dismantle the tank if necessary. hazards. 
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C. TANK DISMANTLING 

The safe removal of ahoveground tanks often re- 
quires dismantling of the tank because of its size. 
Methods for the safe dismantling of petroleum storage 
tanks are described in API PSD-2202 [3]. These 
methods, which apply to tanks storing other liquids as 
well, are summarized in the following discussion. 

The dismantling of a tank will dislodge accumu- 
lated scale and rust, resulting in abnormal amounts of 
dust. This is especially true during cold-cutting or sand- 
blasting operations and is the principal reason why dis- 
mantling from the outside is more desirable. The dust 
can he reduced by application of water spray. 

If dismantling is done inside the tank, excess scale 
or rust should he removed with a chipping hammer he- 
fore cutting. During chipping and cold-cutting opera- 
tions, respirators should he worn. Positive pressure air- 
supplied equipment should he worn during flame-cutting 
operations inside the tank, unless an area of at least 6- 
inches on each side of the cutting line has been previ- 
ously cleaned to hare metal. Sandblasting or power 
wire-brushing are methods that will clean metal suffi- 
ciently for flame cutting. A respirator should he worn 
while sandblasting if the exterior of the tank has been 
primed or painted with lead-base paint. Similarly, a 
tank which had contained leaded gasoline will retain 
lead compounds in the scale. A respirator should he 
worn when performing any scale removal operations in 

Certain disposal precautions are also recommended 
in API PSD-2202 for steel tanks. If the steel is to he 
permanently discarded, such as by burying, no cleaning 
is needed except for removal of heavy scale deposits 
that might create dust in handling or transporting. If the 
steel is to be sold for scrap and possible remelting, 
sandblasting to remove heavy scale is recommended. 
For additional details on tank cleaning, dismantling and 
disposal precautions, refer to API PSD-2202 [3] and 
API Publication 2015 [I]. 

\ 

\ such a tank, 

Table 3.1-2 

Reference for Tank Cleaning Operations 

API-2015 
Cleaning Petroleum Storage Tanks 

AP1-2015A 
A Guide for Controling the Lead Hazard Associated 
with Tank Entry and Cleaning. 

API PSD-2202 
Dismantling and Disposing of Steel from Tanks which 
have Contained Leaded Gasoline. 

API PSD-2207 
Preparing Tank Bottoms for Hot Work. 

ANSI-Z28.2 
Standard Practice for Rispiratory Protection 

API Pub. 2013 
Cleaning Mobile Tanks in Flammable 01 
Combustible Liquid Service. 

NFPA 325M 
Fire Hazard ProDerties of Flammable Liauids. Gases 
and Volatile Soli&. 

NIOSH. criteria fora recommended standard. Working 
in Confined Spaces. DHEW 80-106. 

These publications may be obtained from the following 
addresses: 

API Publications: American Petroleum Institute 
2101 L Street, N.W. 
Washington, DC 20037 
(202) 457-71 73 

ANSI Publications: American National Standards 
Institute, 

Inc. 1430 Broadway 
New York, N.Y. 10018 
(212) 868-1220 

NFPA Publications: National Fire Protection 
Association 

Batterymarch Park 
Quincy, MA. 02269 
(617) 328-9230 

NIOSH Pub1ications:National Institute for 
Occupational 

Safety and Health 
Public Health Service 
Center for Disease Control 
National Institute for 
Occupational Safety 
and Health 
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Appendix A 
CHEMICAL AND PHYSICAL 

PROPERTIES: OF 
HAZARDOUS SUBSTANCES 

DEFINITIONS 

The data presented in this appendix present classifi- 
cations for various solid, liquid and gaseous materials 
that are considered hazardous compounds. These data 
were taken, for the most part, from the U S .  EPA’s 
NPDES Best Management Practices Guidance Docu- 
ment [I] .  

Table A-I presents the various classifications used. 
These classifications are described in detail in the fol- 
lowing discussion. 

1. Human Poisons 

All substances poisonous to humans are ranked as 
Class A or Class B poisons by the US. Department of 
Transportation, and are defined as follows: 

Class A. A poisonous gas or liquid that, when 
mixed with air in small amounts is dangerous to life. 

Class B. A substance, liquid or solid, known to be 
so toxic 10 man as to constitute a hazard to health dur- 
ing transporatation or presumed to be toxic to man be- 
cause it falls within any one of the following categories 
when tested with laboratory animals: 

Oral toxicity: a single dose of 50 mg or less per 
kilogram of body weight when administered orally pro- 
duces death within 48 hr in half or more than half of 

\ ,  

a group of IO or more white laboratory rats weighing 
200 to 300 e.  

I 

Toxicity on inhalation: continuous inhalation for 
I hr or less at a concentration of 2 mg or less per liter 
of vapor, mist, or dust produces death within 48 hr in 
half or more than half of a group of I O  or more white 
laboratory rats weighing 200 to 300 g. 
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Table A-1. Chemical Group Classification 

- Liquids Solids Gases 

HP - Human poisons 
F1 - Flammables 
C - Corrosives 
R - Reactives 
V - Volatiles 
F - Floaters 
BT - Amenable to BWJ* 
B - Biodegradeables 
A- Highly toxic to 

aquatic life 

HP - Human poisons 
F1 - Flammables F1 - Flammables 
C - Corrosives C - Corrosives 
R - Reactives R - Reactives 
BT - Amenable to BWT* 
B - Biodegradeables aquatic life 
S - Solubles 
A - Highly toxic to 

aquatic life 

HP - Human poisons 

A- Highly toxic to 

I 

* Biological waste treatment. : 

I I 
Toxicity by skin absorption: when administered 

by continuous contact with the bare skin for ,24 hr or 
less produces death within 48 hr in half or more than 
half of a group of IO or more rabbits tested at a dosage 
of 200 mg or less per kilogram of body weight: 

USDOT defines a corrosive material as a "liquid or 
solid that causes visible destruction or irreversible alter- 
ations in human skin tissue at the site of contact, or in 
the case of leakage from its packaging, a liquid that has 
a severe corrosion rate on steel"; and "a liquid is con-. 
sidered to have a severe corrosion rate if its corrosion 
rate exceeds 0.250 inches per year on steel (SAE 1020) 
at a test temperature of 130'F.) 2. Flammables 

Flammables are any liquids that have a flash point 
below 100°F (38°C). Any solid liable to spontaneous ig- 
nition in air, including solids that react with air or the 
moisture in air to produce extremely flammable prod- 
ucts; and any solid liable to ignition in air by friction 
or slight heating, including solids that:react with air or 
the moisture in air to produce flammable products. 

4. Volatiles 

All chemicals with vapor pressures greater than I .3 
x I @  Pa (IO mm Hg) at 10°C are defined as volatiles. I 5. Floaters 

3. Corrosives Floaters are all materials that will float on the sur- 
face of water in a spill situation and all chemicals with 
solubilities of less than 1% and specific gravities of less 
than I .O. 

Corrosives are defined as any substance that sig- 
nificantly chemically attacks common .metals or metal 
alloys, including ferrous metals. (This definition and the 
designations of specific chemicals as corrosive are from 
the Rice report. Rice utilized designations proGided by 
the U.S. Department of Transportation .where available. 
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6. Reactives 

Reactive materials are defined as those materials 
which in themselves or in contact with water are readily 
capable of detonation or of explosive decomposition or 
explosive reaction at normal temperatures and pressures 
and as those materials which are sensitive to mechanical 
or localized thermal shock at normal temperatures and 
pressures. 

* \ 

CLASSIFICATIONS 

7. Solubles 

Solubles are solids with solubilities in water of 
greater than 0.1% or 1000 ppm. 

8. Solids or Liquids Amenable to 
Biological Treatment 

These compounds are defined as those which, 
while not necessarily biodegradable, are amenable to 
biological waste treatment in that they can be accepted 
into biological waste treatment systems without causing 
adverse impact on treatment of the pollutants normally 
present. Compounds in this classification group would 
have to be fed to biological treatment process. 

9. Biodegradables \ 
/ Compounds that can be degraded by microor- 

ganisms to normal biological end products, such as car- 
bon dioxide and water, are considered to be biodegrade- 
able. Biochemical oxidation requires an acclimated seed 
of microorganisms and dilution of the chemical com- 
pounds to levels that will not be toxic or inhibitory to 
the microorganisms. 

10. Compounds Highly Toxic 
to Aquatic Life 

Compounds that have an LC5, (concentration of 
material that is lethal to one-half of the test population 
of aguatic animals upon continuous exposure for 96 hr 
or less) of less than I mglliter are considered to be 
highly toxic to aquatic life and include all compounds 
classified as X and A by EPA Classification of hazard- 
ous substances. 

The toxic and hazardous substances classified as 
solids, liquids, or gases, as well as their chemical and 
physical characteristics, are given in Tables A-2, A-3, 
and A-4 respectively. The physical state of the particu- 
lar substance is based on the pure chemical form in the 
absence of information on its use at a particular plant. 
Some of the compounds listed as solids and gases may 
in reality exist in solutions with solvents and/or water. 
These compounds are identified in Tables A-3 and A-4 
and may be listed under more than one physical state 
classification. Examples are phosphoric acid, sodium 
hydroxide and formaldehyde. In the absence of data 
several compounds were grouped in the same categories 
as the chemical family. Assumed groupings are so noted 
in the tables. 
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Amenable t o  t l i g ~ l y  l a x i c  

L i q u i d  H t W l M  F I acsabl e Cor ros i ve  React ive Vola t i  I e F l o a t e r  Treatment Biodegrarleahle Aquat ic  L i f e  

Poisonous 
t o  Biological LO 

BuLyl ace ta te  X x X X 

Buty lami l ie  X X X X 
Outy l  be i izy l  p h t h a l a t e  - x X 

B u l y r i c  ac iu  X X X 

Carbon  d i s u l f i d e  X X - 
carbon L e t r a c b l o r i r l e  - X 

Chloldal,e X 

Chlorobenzene X X X 

Chloiori ibranoniethal le - X NO 

Chlol'oethaiie X X X X X X NU 

2-Chloroethy l  

Chlotoform 

v i n y l  e the i  X X X X NU 

X X 

X 

-b 

X 

X X 

X X 

X 

X 

X 

X 

x 
NO 

2-Chl orophenol X N 
0 

Xb 
N rl-Chlorophenyl phenyl 

ether .b -b 

.x X 

X 

Ch!avosulfol>ic a c i d  

Cl'otonal dehyde X 

Cycl oiiexaiie 

D i a r i n a i i  

1,2-Oiclrlorobenzene 

1.3-Di c h  I orobenrene 

Dich\orobroiwmethane - 

1.1-Dich laroethane 

1,2-0 ich lo ioethane 

1 . l - D i c h l o i o e t h y l e i i e  
( v iny l idew  chloride) - 

1 ,2 -0 i ch lo rap~opane  - 
2 ,z -D i  chl orop rop i  an i  c 

b 

a c i d  

X 

X 

X 

Y X 

NO 

X 

X 
.b 

X 

X 

x 
X 

.b 

X 

X 

X 

X 

NO 

ND X 

X 

NO 

X X 

x NU 
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Appendix B 
COMPATIBILITY CHART 

FOR FLUIDS, 
SEALS, AND METALS 

Appendix B: 

CHEMICALMATERIALS : 
COMPATIBILITY 

The following chart presents compatibility data for 
several common materials of construction, including: 
steel, stainless steel, and aluminum. .Other excellent 
sources of information include the following: 

I .  Hamner, Norman, E., Corrosion Data Survey, 
Fifth Edition 

includes: A comprehensive compilation of 
corrosion data for metals and non- 
metals. 

Corrosion Engineers 
1440 South Creek 
Houston, Texas 77084 
(7 13)492-0535 

available from: National Association of ; 

2. Gallagher, Raymond, "Beat Corrosion With A, 
Rubber Hose" 

published in: Chemical Engineering, 

includes: Comprehensive information on the 
compdtibility of various hose mater- 
ials with a wide range of chemicals. 

available from: McGraw-Hill Book Company 
1221 Avenue of the Americas 
New York, N.Y. 10020 
(2 12) 997- 1221 

Mr. Raymond Gallagher 
The Gates Rubber Company 
999 South Broadway 
Denver, Colorado 80217 , 
(303) 744-404 I 

Sept. 8, 1980, pages 105-118, 

or 

3. Perry, R.H., Chilton, C.H., 
Chemical Engineers' Handbook 
includes: A series of tables presenting corro- 

sion resistance (chemical compati- 
bility) data for several ferrous and 
non-ferrous metals, plastics,, and 
natural and synthetic rubbers. 

available from: McGraw-Hill Book Company , 
1221 Avenue of the Americas 
New York, N.Y. 10020 
(212)997- 1221 

1 

1 
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Appendix C 
PROPERTIES OF 

PRINCIPAL 
COATING RESINS 
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PROPERTIES '8F PRINCIPAL COATING RESINS 

Alkyds 

Vinyls 

Chlorinated 
rubbers 

Description 
Esterification of poiy- 
hydric alcohol (glycerol) 
and a polybasic acid 
(phthalic acid). modified 
with a drying oil. Hardens 
by solvent evaporation 
and oxidation 

Polyvinyl chloride-poly- 
vinyl acetate copolymer 
dissolved in strong polar 
solvent. generally a ke- 
lone. Coating hardens by 
solvent evaporation. 

Formed by adding chlo- 
rine to unsaturated iso- 
prene units. Resin is 
dissolved in aromatic 
hydrocarbons. esters,and 
ketones. Hardens by sol- 
vent evaporation. 

Performance Llrnltations Comments 
Good resistance to at- Not chemically resistant: Long oil alkyds make ex- 
mospheric weathering not suitable for appli- cellent primers for rusted 
and mcderate chemical cation over alkaline sur- and pitted steel and 
fumes: not resistant to faces such as fresh con- wooden surfaces. Corro- 
chemical sflash and spill- Crete. sion resistance is ade- 
age. Long oil alkyds have quate for mild chemical 
good penetration allhough fumes that predominate in 
are slow drying. Short oil many industrial areas. 
alkyds are fast drying. Used as interior and exte- 
Temperature resistant to rior industrial and marine 
225 F. finishes. Cast: $4.00 lo 

insoluble in oils, greases, Strong polar solvents re- Tough and flexible: low 
aliphatic hydrocarbons dissolve the vinyl. initial toxicity; tasteiess: color- 
and alcohols. Resistant to adhesion poor. Relatively less; fire resistant. Used in 
water and Salt sotutlons. low thickness per cost potable water tanks and 
Not attacked at room tem- (1.5-2.0 mils). Some types sanitaryequipment:widely 
Perature by Inorganic will not adhere to bare used industrial coating. 
acids and alkalis. Fire re- steel Without primer. Pin- Cost: $6.00 to $9.00/gal. 
sistanl: good abrasion re- holes in dried film more 
sistance. prevalent than other types. 
Low moisture permeability Redissolved i n  strong sol- Fire resistant: odorless: 
and excellent resistance vents. Degarded by heat tastciess and non-toxic. 
lo water. Resistant to (200 F. dry and 140 F. wet) Quick drying and excel- 
strong acids. alkalis. and ultraviolet light. but lent adhesion to concrete 
bleaches. Soaps and de- can be stabilized to im- and steel. Used in con- 
tergents. mineral oils. prove these properties. crete and masonry paints, 
mold and mildew. Good May be difficult to spray. swimming pool coatings, 
abrasion resistance. especially in hot weather. industrial coatings, marine 

finishes. Cost: $6.50 to 
$9.50/gai. 

$a.oo/gai. 

Epoxy, amine Reaction of active hydro- Excellent resistance to Harder and less flexible Good chemical and 
gens of aliphatic amines alkdis. most organic and than other epoxies and weather resistance. Best 
with epoxy groups of ,bis- inorganic acids. water and intolerant of moisture dur- chemical resistance of 
phenol-A epichlorhydrin aqueous salt solutions. ing application. Coating epoxy family. Excellent 
resin. Coating hardens by Solvent resistance and will chalk an exposure to adhesion to steel and 
soivenl evaporation and resistance to oxidizing ultraviolet light. Strong concrete. Widely used in 
cures by Cross linking. agents is good as long as solvents may lift coatings. maintenancecoatingsand 
Amine adduct epoxies not continually wetted. Temperature resistance: tank linings. Cost: $9.0010 
consist of partially pre- Amine adducts have 225 F. dry. 190 F. wet. Wilt $13.00/gal. 
polymerized coatings, to Slightly less chemical and not cure hetow 40 F.: 
which the remainder Of moisture resistance. should be topcoated 
the amine is added prior within 72 hr. to avoid in- 
to application to complete tercoat delamination. 
the cross linking. Maximum properties re- 

quire about seven days 
cure. 

cured 

Epoxy, Reactive polyamide resins Superior lo Straight epox- Cross linking does not Easier lo apply and lop- 
polyamide (condensation productsol ies tor water resistance. occur below 40 F. Maxi- coat. more flexible and 
cured dimerized fatty acids with Exceilent adhesion. gloss. mum resistances gener- better moisture resistance 

polyamines) combined hardnessimpactandabra- ally require seven days than straight epoxies. Ex- 
with epoxide groups in the Sion resistance. More flex- Cure at 70 F. cellent adhesion over 
epoxy resin. Coaling ible and tough than amine steel and concrete. A 
hardens by solvent evap- epoxies. Chemical resist- widely used industrial and 
oration but cures by cross ance slightly less than marine maintenance coat- 
linking. straight epoxies. Temper- ing. Some formulations 

ature resistance: 225 F. can be applied lo  wet or 
dry: 750 F. wet. underwater suriaces. 

Epoxy esler Formed by reaction be- Least resistant of epoxy No1 resistant to strong A high quality oil base 
\ween epoxy resin and un- family. Good wealher re- chemical fumes. splash or coating. good compatibii- 
saturated fattyacids(c0m- sistance: chemical resist- spillage. Temperature re- ity with most other coating 
moniy linseed and soya ance belter than alkyds sistance 225 F. dry. types. Easy to apply. Used 
oils). Coating hardens by and usually sufficient to widely for atmospheric re- 
solvent evaporation and resist normal atmospheric sistance in chemical envi- 
oxidation. corrosive attack. ronments on structural 

steel. tank exteriors. etc. 

COSt $7.00 lo $12,OO/gat. 

/ 

/ 
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PROPERTIES OF PRINCIPAL COATING RESINS 

Epoxy. coal 
tar 

Latex 

Polyesters 

Silicone 

Zinc rlch 

Flre 
retardant 

Description 
Coal tar mixed with epoxy 
resin and cured using ei- 
ther an amine or a poly- 
amide. Coating hardens 
and cures by cross iink- 
ing. 

Latex resins (generally 
styrene-butadiene. poly- 
vinyl acetate. acrylic or 
blends) are emulsitied in a 
water vehicle. Alter appli- 
cation the water evapo- 
rates and the resin parti- 
cles coalesce and sinter 
to form the coating. 

An unsaturated polyester 
(resulting from esteritica- 
lion reaction between 
polyhydric alcohol and 
polybasic acid) is further 
reacted with diaiiyi phtha- 
late to cross link and 
harden. 

Composed of the siloxane 
bond with various organic 
side chains. 

Inorganic lype consists of 
zinc dust in binder such 
as a silicate. Can be post 
or self cure. and can 
harden either by curing 
compound. water evapora- 
tion or hydroiyzatian. Or- 
ganic form used vehicles 
such as epoxies. phen- 
mies or chlorinated rub- 
ber. Hardens by chemical 
cross linking or Solvent 
evaporation. 

Flame retardant use non- 
flammable resinsandplas- 
ticizers with compounds 
(such as bromates) that 
generate non-flammable 
gases. intumescent coat- 
ings bubble and swell 
upOn heating, thus ln- 
sulating substrate trom 
the fire. 

Performance 
Excellent resistance to 
sail andfreshwaterimmer- 
sion. Very good acid and 
alkali resistance. Solvent 
resistance is goad, al- 
though immersion in 
strong Soivents may leech 
the coal tar. 

Resistant l o  water. mild 
chemical fumes and 
weathering. Good alkali 
resistance. Latexes are 
compatible with most 
generic coating types. ei- 
ther as an undercoat or 
topcoat. 

Excellent resistance to 
acids, organic soivmts 
and Water, as well as ab- 
rasion and abuse resist- 
ance. 

As heat resistant coating, 
requires catalyzation and 
baking. With aluminum 
pigments can withstand 
1,000 F.; with ceramic frits 
up 10 1,400 F. As a Water 
repellant. resinous sili- 
cones in hydrocarbon soi- 
vents are used on mas- 
onry. Water soluble 
alkaline silicone in water 
are used on limestone and 
concrete. 

Resistant 10 weathering 
and mild chemical fume 
environments. Zinc in the 
coating is attacked when 
pH Is below 6 or above 
10.5. inorganic lype is 
resistant to abrasion and 
temperatures up to 700 F. 

Can reduce surface flam- 
mability or initial heat 
effects of tire but should 
be used only wilh conven- 
tional lire protection 
methods. Properties are 
generally better thethicker 
the coating. 

Limllallons Comments 
Embrittles on exposure to Good water resistance. 
cold or ultraviolet light. ThicknessestolO miis per 
Cold weather abrasion re- coat. Can be applied 10 
slstance Is poor. Should bare steel or concrete 
be topcoated within 46 hr. without a primer. Low cost 
l o  avoid intercoat adhe- per Unit coverage. Cost: 
sion problems. Will not 56.50 to $8.50/gal. 
cure below 50 F. Black oi 
dark colors only. Temper- 
ature resistance 225 F. 
dry, 150 F. wet. 

Must  be stored above Ease of application and 
freezing. Does not pene- cleanup. No toxic sol- 
vate chalky surfaces. Ex- vents. Good concrete and 
terior weather and chemi- masonry sealers because 
cal resistance not as good breathing film allows pas- 
as solvent or oil base sage 01 water vapor. Used 
coatings. as interior and exterior 

coatings. Cost: $5.00 lo 
56.00/gal. 

Hard and inflexible. Very inert. tile-like appearance. 
short got life. Swelled and Good adhesive and cohe- 
softened by strong alkalis. sive strength. High film 
Minimum thickness of 6 build per coat (10 mils). 
mil required for cure. Used in maintenance 

Coatings and linings lor 
tanks and process equip- 
ment. Cost: $9.00 to 
513.00/gal. 

Heat resistant silicones Can be combined with 
have moderate chemical other coating types lo im- 
fume resistance at lower prove properties such as 
temperatures. heat and moisture resist- 

ance. Water repellantsare 
clear, breathing and dura- 
ble. Used as stack coat- 
ings and above grade 
water repellants. Cost: 
55.00 lo 58.00/gal. 

Requires clean s led sur- Eliminates pitting corro- 
faces. More difficult l o  sion. Despite limitations. 
apply than conventional widely used as industrial 
coatings. Topcoating may and marine primer. in mild 
be difficult especially with envirnnments can be used 
inorganics. Must be top- as one coat system. Cost 
coated in severe c o r m  58.00 lo  516.00/gal. 
sion environments. 

May not be as chemically Used lo reduce flame 
resistant as same type spread on combustible 
"on-lire retardant coating. materials and to initially 
Generally provide only a insulate structural steel 
lew minutes delay. Some from heat of tire. Cost: 
intumescenl coatings are $6.50 to $9.00/gai. 
water sensitive and will 
not retain full properties 
alter prolonged exposure 
to wealher. 

Source: 
Excerpted by special permission from Chemical Engineering, December 4, 1972, copyright (c) 1972, by 
McGraw-Hill, Inc., New York, N.Y. 10320 1 
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Glossary 

GLOSSARY 

Aboveground. Refers to storage tanks in which 100% 
of the tank volume is above final ground ele$ation. 

Acoustic Emissions. Acoustic emissions a& internally 
generated sounds produced by a material when placed 
under stress. With appropriate sensing equipment, this 
phenomenon can be effectively used for early warning 
and immediate response to hazardous spills developing 
from ruptures and leaks in a tank or pipe. 

Anode. A metal electrode from which electric current 
leaves the surface and enters a solution (electrolyte). 
This electrical chemical action causes destrnytive altera- 
tion or eating away of the metal, typically fhrough the 
process of oxidation. 

Aquifer Sensitivity. Refers to the liklihood of, and de- 
gree to which groundwater resources may be contarni- 
nated at a particular site or area. 

Asphalts. Black, solid or semisolid bitumens which 
occur.in nature or are obtained as residues during petro- 
leum refining. 

Atmospheric Tank. A storage tank ,which has been de- 
signed to operate at pressures from atmosphere through 
0.5psig. 

Barrel. Strictly speaking, a statistical measure equalling 
42 U.S. gallons. Actual barrels (or drums) :sed by oil 
companies, hold 55 gallons. 

Bioconcentration. A process by which living organisms 
concentrate an element or compound to levels in excess 
of those in the surrounding environment. 

Biodegradation. A process by which microbid or- 
ganisms are capable of transforming or altering the 
structure of chemicals introduced into the environment 
through enzymatic action. 

Bottom Loading. A method for loading liquid into a 
tank truck from ground level with a dry disconnect type 
fitting which usually incorporates a system designed to 
provide overflow protection. This type of loading opera- 
tion eliminates the need for visual inspection of the in- 
side of the tank during loading. 

Bulk Storage. Materials stored in large quantities which 
are usually dispensed in smaller units for use or con- 

I 

sumption, Warehousing of 55 gallon drums, under- 

storage tank farms are examples of bulk storage facili- 
ties. 

Bulk Storage Plant. A terminal where flammable or 
liquid or hazardous substances are received by tank ves- 
sel, pipe lines, tank car, tank vehicle, and are stored or 
blended in bulk for the purpose of distributing such liq- 
uids by tank vessel, pipe line, tank car, tank vehicle, 
or container. 

Bunker “C” Oils. A general term used to indicate a 
heavy fuel oil. 

Bunker Fuel. A general term for heavy oils used as 
fuel on ships and in industry. It often refers to No. 5 
and No. 6 fuel oils. 

Cathodic Protection. An electrical process for prevent- 
ing corrosion on a wide variety of metallic structures 
which are in electrolytes such as soil or water. It oper- 
ates by passing direct current continuously from elec- 
trodes which are installed in the electrolyte to the struc- 
ture protected. The typical cathodic protection installa- 
tion consists of a buried steel tank which becomes the 
cathode, and a separate “sacrifical” anode, which usu; 
ally consists of a bar, rod, or wire of metal. The anode 

through the electrolyte to the cathode (steel tank). 

Coatings. Corrosion and chemical resistant materials 
which are sprayed, brushed, or rolled onto the metal 
surface of a storage tank. Coatings serve one of two 
main purposes: ( I )  they protect the metal from attack by 
a corrosive liquid or environment. (2) they protect the 
product from contamination by corrosion products. 

Collection System. A series of components that collect 
stormwater, waste or spills. Collection systems are used 
at tank farms to collect spills through a network of 
pipes, channels, sewers, culverts, etc., necessary to 
transport the flow from collection points to slop tanks, 
retention areas, treatment facilities or outfall. 

Combustible Liquid. Any liquid having a flashpoint at 
or above 100°F and below 200°F. 

Containment. The prevention of the spreading of oil or 
other hazardous materials by the placing of booms or 
physical barriers and the use of absorbents, gelling or 
herding agents or other materials to mitigate the effects 
of the spill. 

Containment System. A structure having an impervi- 
ous surface (concrete, asphalt, membrane, etc.) sur- 
rounded by curbs, gutters, dikes, etc. The purpose is to 
prevent any flow from leaving the immediate area. 

ground tanks at gas stations and petroleundchemical f 

is literally consumed as electrical current passes from it / 

\ 

21 9 



Corrosion. The deterioration of a material, usually a 
metal such as steel resulting from a flow of electricity 
from a metal (anode) to a positively charged material 
(cathode) through an electrolyte. This electrochemical 
action causes destructive alteration or eating away of the 
metal anode where positively charged atoms of metal 
detach themselves from the solid surface and enter into 
solution while the corresponding negative charges, in 
the form of electrons, are left behind in the metal. 

Corrosive Material. Any liquid that causes destruction 
of human skin tissue or that has a severe corrosion rate 
on steel, aluminum or other metallic or nonmetallic 
substance. 

Crude Oil. Raw, liquid petroleum as it is extracted 
from the eatth. Crude oil is found in many forms, each 
needing different handling and refining techniques. It 
might be thick as tar or nearly as thin as water, Its color 
can vary from yellow to green to reddish to black. 
Crude oil can be “sweet” (with low sulfur content) or 
“sour’’ (high sulfur content). 

Demulsibility. The resistance of an oil to emulsification 
or the ability of an oil to separate from any water with 
which it is mixed. The better the demulsibility rating, 
the more quickly the oil separates from water. 

Discharge. Includes. but is not limited to, any spilling, 
\ leaking, pumping, pouring, emitting, emptying or  

dumping except those activities duly permitted by any 

‘ 

local, State Or federal agency. 

Dispersing Agents. Chemical agents or compounds 
which emulsify, disperse or solubilize oil into the water 
Column or act to further the surface spreading of oil 
slicks in order 10 facilitate dispersal of the oil into the 
water colpmn. 

Electrical Insulation. A non-conductive material used 
for preventing corrosion caused by dissimilar metals; for 
example, by using insulating couplings to connect cop- 
per pipe and fittings to steel pipe. 

Electrolyte. A chemical substance either a liquid, paste 
or gas which facilitates the flow of electrons in an elec- 
tric field. Soil and groundwater adjacent to and in con- 
tact with a buried steel tank act as an electrolyte with 
respect to the electrechemical process of corrosion. 

Electrolytic Corrosion. Corrosion as a result of direct 
current from outside sources entering and then leaving 
a particular metal structure by way of an electrolyte. 
Where current enters the structure, that structure is usu- 
ally unaffected or is provided some degree of protec- 
tion. Where the current leaves the structure, corrosion 
occurs. In underground work, this type of corrosion is 
often referred to as stray current corrosion and is a re- 
sult of currents entering the ground from sources of di- 
rect current such as street railways or DC machinery. 

Emulsion. A mechanical mixture of two liquids which 
do not naturally mix as oil and water. Water-in-oil 
emulsions have the water as the internal phase and oil 
as the external. Oil-in-water .emulsions have water as 
the external phase and the internal phase is oil. 

Etiologic Agent. A viable micro-organism or its toxin 
which causes or may cause human disease. 

Flammable Liquid. Any liquid having a flash point 
below 100°F as determined by prescribed testing proce- 
dures. 

Flammable Solid. Any solid material.other than explo- 
sives which is liable to cause fires through friction, ad- 
sorption of moisture, spontaneous chemical changes, re- 
tained heat from manufacturing or processing, or which 
can be ignited readily and when ignited bums so vigor- 
ously and persistently that it creates a serious transporta- 
tion hazard. 

Flash Point. The lowest temperature at which sub- 
stances give off sufficient vapor to form a mixture 
which will ignite, under standard conditions. 

Fuel Oil Grade. Numerical ratings ranging from 1 to 
6. The lower the grade number, the thinner the oil is 
and the more easily it evaporates. A high number indi- 
cates a relatively thick, heavy oil. No. I and 2 fuel oils 
are usually used in domestic heaters, and the others are 
used by industry and ships. No. 5 and 6 oils are solids 
which must be liquefied by heating. Kerosene, coal oil, 
and range oil are all No. 1 oil. No. 3 fuel oil is no 
longer used as a standard term. 

Galvanic Anode. A metal which because of its relative 
position in the galvanic series, provides sacrificial pro- 
tection to metal or metals that are more noble in the 
series, when coupled with an electrolyte. 

Galvanic Corrosion. Self-generated corrosion which re- 
sults when dissimilar metals placed in the soil electro- 
lyte produce electrical currents. Corrosion occurs at the 
anodic surface where current leaves the metal to enter 
the soil electrolyte. 
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Gas (or natural gas). Simply speaking, p&roleum in a 
gaseous state. Natural gas should not be confused with 
motor gasoline, which must ordinarily be refined from 
crude oil. 

Holiday. A "bare spot" in a coating where there was 
little or no coating applied. 

I 
LeGrand Rating System. A procedure to evaluate the 
potential for groundwater contamination at a specific 
site under consideration for the storage of a hazardous 
substance. Evaluation factors include physical site char- 
acteristics, groundwater data, and the hazard potential 
of the substance that may be stored on the site. 

Lethal Concentration Fifty (LCS0). A calculated con- 
centration which, when administered by the respiratory 
route, is expected to kill 50 percent of a population of 
experimental animals during an exposure of 4 hours. 
Ambient concentration is expressed in milligrams per 

! 

liter. I 

Liner. Corrosion and chemical resistant materials which 
are sprayed, brushed, or applied to the interior of a tank 
to protect the metal from attack froq a corrosive liquid 
or environment, and to protect the product from con- 
tamination by corrosion products. 

LNG. Liquid natual gas. 

LPG. Liquified petroleum gas, such as propane or 
butane, commonly know as bottled gas. 1 

Median Threshold Limit (96HRTLM). The concentra- 
tion of a material at which it  is lethal to 50 percent of 
the test population over a 96 hour exposure period. Am- 
bient concentration is expressed in milligrams per liter. 

NFPA. Refers to the National Fire Protection Associa- 
tion and its codes and generally accepted standards. 

Oil. Refers to oil in any form including gasoline, crude 
oil, fuel oil, diesel oil, lubricating oil, oil refuse, 
sludge, and any other petroleum related producf. 

I 
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Oil Film. A slick thinner than 
be classified as follows: 

Standard Gallons 
Term Of Oil 

Per Sq. Mile 
"barely visible" 25 

"silvery" 50 

"slightly colorcd I no 

,0001 inch which may 

Q Appearance 

barely visible undcr 
most favorable 
lighl condilions 
visible as a 
silvery sheen on 
surface water ' 
first trace of 
color may be ! 
obscrvcd 

"brightly colored" 200 bright bands of 
color arc visible 

"dull" 700 color begins to 
turn dull brawn 

"dark" 1300 much darker brown 

I 

I 
I Operator. The person or  persons in responsible 'charge 

of the day-to-day operation and maintenance of a stor- 
age facility. 

Outage. Space left in a product container to allow for 
expansion during temperature changes it may undergo 
during shipment and use. Measurement of space not oc- 
cupied. 
Oxidizing Agents. Substances which may increase cor- 
rosion acting as an electron acceptor to remove the film 
of hydrogen at a cathode; or in higher concentrations, 
substances such as nitric acid, which can form invisible 
protective films that reduce corrosive action. 

pH. Term used to express the apparent acidity or,alka- 
linity of aqueous solutions; values below 7 indicate acid 
solutions and values above 7 indicate alkaline solutions. 

Phytotoxicity. Ability to cause poisonous or toxic reac- 
tions in plants. 

Poison. A substance causing illness or death when in 
gested, inhaled or absorbed through the skin. 

Pour Point. The lowest temperature at which a sub- 
stance will flow or  can be poured under specified condi- 
tions of test. 

Pyroforic Liquid. Any liquid having a flash point 
below 100°C as determined by certain tests (highly 
flammable). 

I 
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Resistivity. A unit measure of the electrical resistance 
of the soil. It is defined as the resistance of a unit cube, 
usually a one centimeter cube, to the passage of electri- 
cal current and is expressed in resistance-length units, 
usually ohm-centimeters (ohm-cm). Soil resistivity has a 
major influence on corrosivity by effecting the rate at 
which current passes from a metal surFace into the soil, 
or from the soil into the metal. In general, corrosivity 
increases with decreasing soil resistivity. The USDA 
Soil Conservation Service categorizes soil corrosivity as 
high if resistivity (ohm-cm) is less than 2,OW as nor- 
mally is the case in poorly drained clay soils; and low 
corrosivity if resistivity (ohm-cm) is greater than 
10,000, as is typical of well-drained gravel. 

Sacrificial Protection. Reduction or  prevention of cor- 
rosion of a metal in an electrolyte by galvanically cou- 
pling it to a more anodic metal which literally is con- 
sumed; hence sacrificial. 

Saturation Zone. That portion of the lithosphere in 
which the functional interstices of permeable rocks are 
saturated with water under hydrostatic pressure. 

Sinking Agents. Chemicals or other agents that can 
physically sink oil below the water surface. 

Sheen. An iridescent appearance on the surface of 
water. 

Sodium Bentonite Soil Treatment. A substance having. 
a molecular stmcture that allows it to absorb many 
times its own weight of substance, swelling enormously 
in the process ... in most cases up to 10.16 times its dry 
bulk volume ... to form an impermeable gel barrier. In 
most sodium bentonites, the swelling ability is long last- 
ing and reversible. It can be dried and reswelled an infi- 
nite number of times. When mixed with soil around a 
storage tank and wetted, the sodium bentonite swells, 
pressing against the soil particles and filling the voids 
between the particles. The swelling action forms a tight 
seal around pipes and other equipment that protrude 
from a tank, eliminating difficult installation and sealing 
probems. 

Solubility. The property of a chemical to dissolve or 
pass into solution. Solubility in water refers to the 
pounds of a chemical that will dissolve in 100 pounds 
of pure water. Solubility usually increases when the 
temperature increases. 

Specific Gravity. The ratio of the weight of a given 
volume of the material at 4°C (or some stated tempera- 
ture) to the weight of an equal volume of distilled 
water. 

Storage Facility. Refers to warehouses, yards, tanks, 
containers, pipes and equipment for storing and han- 
dling hazardous materials. 

\ 
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Storm Runoff. A flow containing only water and no 
hydrocarbons, 

STP. Submerged transfer pump 

Stray Current Corrosion. Corrosion resulting from di- 
rect current flow through paths other than the extended 
circuit. Service stations, for example built near cathodic 
protection rectifiers, factories or shops using D.C., or 
electrified (P.C.) railways or transit systems may ex- 
perience stray current corrosion. 

Stiker Plate. A 12” x 12” steel plate welded at bottom 
interior or tank under the f i l l  opening so the dip stick 
is not always making a clean spot to enhance corrosion 
at that spot. 

Surfactant. Chemical agents used to reduce the interfa- 
cial energy between gasoline and water, and to 
minimize the viscosity of gasoline - water emulsions 
so as to enhance and accelerate the recovery of gasoline 
spilled underground. 

Unsaturated Zone. That portion of the lithosphere in 
which the functional interstices of permeable rock or 
earth are not (except temporarily) filled with water 
under hydrostatic pressure; that is, the water in the in- 
terstices is held by capillarity. 

Unstable (Reactive) Liquid. A liquid in the pure state 
or as commercially produced or transported will vigor- 
ously polymerize, decompose, condense, or  will be- 
come self-reactive under conditions of shock, pressure 
or remperature. 

Vapor Pressure. A measure of a liquid’s propensity to 
evaporate or  give off flammable vapors. The higher the 
vapor pressure the more volatile the liquid and usually, 
the more readily the liquid gives off vapors. 

Vapor Recovery System. A system designed to capture 
and retain, without processing, vapors displaced during 
filling operations at service stations, bulk storage plants, 
or terminals. The basic function of a vapor recovery 
system is to prevent vapors from being released into the 
atmosphere by diverting the vapor back into the trans- 
port tank through a closed circuit system. During the 
drop, vapor which already is present, and additional 
vapor generated by the drop being displaced by volume, 
is forced to the top of the tank and out through the vent 
line (or a special vapor return pipe), then diverted to the 
transport tank where it replaces the liquid being emptied 
from the transport tank. 



Viscosity. The property of liquids which causes them to 
resist instantaneous change of shape, or instantaneous 
rearrangement of their parts, due to intepal friction 
caused by molecular attraction. The resistance which the 
particles of a liquid offer to a force tending to move 
them in relation to each other. Viscosity of oils is usu- 
ally expressed as the number of seconds at a definite 
temperature required for a standard quantity of oil to 
flow through a standard apparatus. 

Viscous. Thick, resistant to flow, having a high viscos- 
ity. 

Volatilization. Vaporizing or evaporating quickly. Vol- 
atilization rate is a function of turbulence,. temperature 
and vapor pressure of the liquid. 

c 
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65. New York State Department 
of Environmental Conservation. 
Criteria and,Guidance for 
Underground Storage of 
sPetroleum (Draft) , Albany, New 
York, August 1983 

Index to Rulemaking File Underground Storage Tank Regulations Title 23, Waters 
Division 3, Water Resources Control Board Chapter 16, Underground Storage Tank 
Regulations 1985 
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NOTE 
This report contains references to t h e  "Bulk Storage 
Code." As of July 1983, New York State has a Bulk 
Storage ' Law, which manatiates s u c h  a Code. 
References 20 the Cade arc3 $or d i ~ ~ u s s i o n  purposes 
only. Formal enactment of th is  Code is about two 
years away. 

. .  
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MANUALS I N  NEW YORK STATE’S B U L K  STORAGE PRGGRAM 

T h i s  Manual on Recommendations and Guidelines f o r  Storing Hazardous 
Substances provides information on the proper ins ta l la t ion  and storage 
methods f o r  underground storage f a c i l i t i e s  housing petroleum products. The 
manual brings together recommended practices and guidelines for: (I) the  
design of storage tanks and piping systems; (2) the ins ta l la t ion  of under- 
ground storage systems; (3) secondary containment; (4) leak detection; (5) 

overf i l l  protection and t ransfer  s p i l l  prevention; ( 6 )  storage system t e s t -  
ing; (7) storage t a n k  rehabilitation; and (8) the  closure of underground 
storage systems. The aim of t h i s  manual is t o  assist the storage system 
owner i n  preventing leaks and s p i l l s  of hazardous liquids. 

a 

. ” 
*I . 

T 

The State-of-the-Art Review Manual compiles much of the l a t e s t  ipforma- 
t i o n .  on the equipment available f o r  s tor ing and handling hazardous l i q u i d s .  
Included are data on tanks, hoses, ove r f i l l  prevention devices, piping, 
valves, arid pumps. Important information is  also provided on tie f i z l d  
przctices and equipment available f o r  leak detection and s p i l l  cleznup. -e - 

Th2 Model Local Ordinance f o r  Storage of Hazardous Sthstarices provides 
suggested wording and format f o r  local ordinances t o  regulatz the storage of  
hazardous materials. Alternatives t o  f i t  specif ic  needs are presented. 

“1. 

The Si t ing  Manual presents information and procedures :a assist  local 
o f f i c i a l s  i n  preventing leaks and s p i l l s  o f  hazardous substances i n  sensi- 
ti-fe environments. Discussed are: Vjpes of hazards, causes of leaks and 
s p i l l s ,  s i t e  evaluation procedures, and practices f o r  s p i l l  prevention and 
m-i t i  ga t  ion.  

P 

I 

? 

I. These manuals are available from: 

F. 
Bureau of Water Rssources 
NYS Department of Environmental Conservation 
50 Wolf Road 
A1 bany , NY 12233 
Telephone 518 457-4351 
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Preface 

T h i s  Manual presents a se r ies  of guidelines and recommended practices 
for  the underground storage o f  petroleum and ,petroleum derjvative l iquids.  
The purpose of t h i ' s  document is t o  encourage the use o f  technology and 
practices which  would preven-t leaks and s p i l l s  from underground storzge 
systems by presenting what. the New York Sta te  Department of Envjronmental 
Conservation regards as proper storage practices. 

-. 
" 

.I . 
Because these hazardous liquids vary widely i n  t h e i r  character is t ics  

and i n  the manner i n  which  they should be stored, t h i s  Manual can ,serve only 
as a guide. I t - i s  
the responsibil i ty of the owner of a storage faci l f ty .  t o  seek the assistance 
o f  a professional engineer who has the s k i l l s  t o  design a storage system 
which can b& used safely and' which  provides the necessary measures for  
environmental protection. 

\ 

Each l i q u i d  requires i t s  own spec i f ic  storage design. 

1 

The mention of t rade  names or c3mmercial products. i n  t h f s  mawal does 
n o t  const i tute  endorsement o r  recommendation-for us2 by the.Cepartment o f  

Envi.ronmenta1 Conservation. 

' 
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INTRODUCTION 

A .  The Relationship Between t h e  B u l k  Storaqe Code, Manufacturer 
Recommendations, and T h i s  Recommended Practices Manual 

The  adequacy of the i n i t i a l  design and ins ta l la t ion  of underground 
storage systems f o r  petroleum and derr'vative l iquids  i s  perhaps the most 
important factor  i n  minimizing potential  environmental hazards due t o  s p i l l s  

z or  leaks of these l iquids.  This applies not only t o  storage tanks, b u t  t o  
the tank appurtances, other storage system components, and storage system 

r maintenance practices.  

I 

i. 1. The Bulk Storage Code 

To ensure the proper design, i n s t a l l a t ion ,  operation, and maintenance 
of these underground storage sys terns the New York S ta t e  Department of 
Environmental Conservation (hereafter referred t o  a s  the Oepartment o r  DEC) 
has adopted a Bulk Storage Code. This Code is  recorded i n  the  New York 
Sta te  Rules and Regulations ( 6  NYCRR 612), a n d  must  b e  followed For a l l  
underground petroleum and petroleum derivative storage instal 1 ations. 

2. T h i s  Recommeded Practices Manual 

? 

The purpose o f  th i s  report  i s  t o  present Oepartment recommendations and 
The items . guidelines f o r  meeting the  requirements of t h e  Bulk Storage Code. 

covered inc lude  the following: 
I 

s 

<' 

i- 

a 

Underground storage tanks and piping systems. 
Instal la t ion practices. 
Containment and recovery systems. 
Storage system rehabili tation. 
Storage system closure and abandonment. 
Overfill prevention. 
Transfer spi 11 prevention. 
Leak detection and t ightnesi  testing. 



The recommendations which follow should guide a l l  underground storage 
@ instal la t ions.  They are  consistent w i t h  generally accepted practices,  and 

t he  recommendations of tank manufacturers. I f  these recommended practices 
are implemented, they will greatly reduce the likelihocd o f  a major s p i l l  o r  
leak incident. However, t h i s  guidance s h o u l d  be considered subordinate t o  

be required f o r  an individual f ac i l i t y .  

3. Manufacturers' Recommended Practices 

. t he  Bulk Storage Code, and t o  s i te-specif ic  engineering practices which may 

. r 

. 
Proper ins ta l la t ion  i s  so crucial t o  the  leak-free operation o f  a 

storage f a c i l i t y  t h a t  major tank manufacturers warrant their tanks against 
f a i lu re  only- i f  they a re  instal led and used i n  accordance w i t h  manufacturer .. 
instructions. For t h i s  reason, tanks should be .in$ta?led i n  s t r i c t  .accord 
w i t h  manufacturers' recommendations. 

B. The Approach o f  T h i s  Manual 

T h i s  manual i s  intended f o r  the use o f  owners o f  petroleum storage 
f a c i l i t i e s ,  and others i n  governmect and the private sector who are con- 
cerned w i t h  minimizing t h e  r isks  o f  leaks and s p i l l s  t o  t h e  environment. I t  
is written fo r  t h e  layman as well as the engineer so t h a t  they may jo in t ly  
consider and se l ec t  appropriate bulk storage and handling practices f o r  leak 
and s p i l l  prevention. 

- 
.- 

The practices and guidelines recommended i n  
t h i s  manual pertain t o  the storage o f  petro- 
leum and derivative l iquids ,  b u t  many of the 
principl e s t  performance c r i t e r i a  and recom- 
mended practices presented apply t o  the stor- 
age o f  o t h e r  hazardous l iquids as well. 

, 

The recommendations and guidelines presented herein focus on the level 
of performance necessary t o  prevent leaks and s p i l l s  and protect the environ- 
ment. Where appropriate, the standards and recommendations o f  organizations 
such as Underwriters' Laboratories (UL) , the National Fire Protection Associ- 
ation (MFPA), the  American National Standards Ins t i t u t e  (ANSI), the American 

. . ._ -_ 



Society of Testing and i4aterials (ASTM), the American Society o f  Mechanical 
Engineers (ASbIE), and the Anerican Petroleum Ins t i t u t e  ( A P I )  have been 
referenced. Reference i s  also made t h r o u g h o u t  the report t o  the  Technology 
Assessment Manual which was prepared as par t  of the New York State B u l k  
Storage Progrm. The reader may wish  t o  refer  t a  the specif ic  documents 
highlighted throughout this  report fo r  more detailed informat ion .  Table 1-1 
provides a l i s t  o f  organizations whose specifications and/or reports may be 
o f  in te res t .  

3 
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a 
TABLE 111 

Orqani za t i  ons P r o v i  d i  ng Speci f i cat?  ons 
and Other Information 

ANSI American National Standards Ins t i t u t e .  Inc. 
1430 Broadway, New York, New Yori 10018 
(212) 354-3473 

A P I  American Petroleum I n s t i t u t e  
2101 L S t r ee t  N . W . ,  Washington, O.C. 20037 

* (202) 457-7000 

I . 

ASME The American Societv o f  Mechanical Enaineers 
345 East 47th S t r ee t ,  New York,  iew York 10017 
(212) 705-7703 

ASNT American Society f o r  Nondestructive Testing 
3200 Riverside Drive, Columbus, Ohio 43221 
(6x4) 488-7921 

ASTM American Society f o r  Testing-.and Materials 
1916 Race S t r e s t ,  Philadelphia, Pennsylvania 19103 
(215) 299-5400 

5666 W. quincy Avenue, Denver, Colorado 80235 
'(303) 744-7711 

2501 N.W. 7th S t r e e t ,  Miani, Florida 33125 

AWA American .Water Works Assmiation 
a -  

AWS American Welding Society 

. .  (305) 642-7090 
r 

COA Copper Development Association 
405 Lexington Avenue, New York,  New York 10017 - (212) 953-7300 

i 

.NBS Federal Specification: Superintendent of Oocuments . 
United States  Government Printing Office, 

Washington, D.C. 20402 
. ?  

. (202) 541-3000 

, MSS Manufacturers Standardization Society of the Valve 
and Fi t t ings  Industry i 5203 Leesburg P i k e ,  Falls Church, Virginia 22041 

(703) 998-7996 

NACE National. Association o f  Corrosion Engineers 
P.0.. Box 986, Katy, Texas 77450 
(713) 492-0535 

* 



'Table 1-1 (cont) 

NFPA 

PFI 
b 

_1 P P I  

i 

SA€ 

UL 

STI 

National Fire Protection Association 
Batteryinarch Park, Qui  ncy, Massachusetts 02269 
(617) 328-9290 

Pipe Fabrication I n s t i t u t e  
1326 Freeport Road, Pittsburgh, Pennsylvania 15238 
(412) 782-1624 

Plas t ics  Pipe I n s t i t u t e  
250 Park Avenue, New York, New York 10017 
(212) 687-2675 . 

Society o f  Automotive Engineers 
400 Commonwealth Drive, Warrendale, Pennsylvania 15096 
(412) 776-4841 

Underwriters Laboratories 
333 Piingsten Road, Northbrook, I l l i n o i s  60062 

, (312) 272-8800 

Steel Tank I n s t i t u t e  
666 Dundee Road, Sui te  705, Northbrook, I l l i n o i s  60062 
(312) 498-1980 - 



CHAPTER 1: 

U N D E R G R W D  TANKS 

A. Introduction , 

The importance o f  selecting the proper material for  underground. storage 
* tanks cannot be overemphasized. Factors which must be taken i n t o  account 

include the  following: 

- Corrosion resistance. 
- Chemical compatibility w i t h  the stored product. . 
_- .’ Structural strength. 
- Foundation (support  requirements). 

In the past ,  bare s tee l  (or carbon s t ee l )  tank; have been widely used 
for  underground storage of gasoline - and other petroleum products. These 
s teel  tanks are  s t ructural ly  strong, require re la t ively l i t t l e  in the way of 
foundation suppor t  other than uniform backfi l l ,  and are  compatible with a 
wide range of liquids. However, carbon s teel  tanks are particularly sus- 
ceptible t o  corrosion, especially when instal led i n  highly corrosive so i l s  
or in groundwater. Approximately 50% o i  the bare steeT tanks instal led are 
leaking by the time they are 15 years o l d .  For this reason, unprotected 
(bare) s tee l  tanks should no t  be used for  underground storage. 

-, 

The types of  tanks iwhich are  suitable for  underground petroleum storage 
-I . __-*. ----.-.ll.--L--_-._xII -..%.,..--_- 

incl ude the i o 1  1 owi ng: 

.J 
? - Cathodically protected s teel  tanks’. 

i- - Steel tanks which are  clad w i t h  fiberglass-reinforced plastic.  
- Fiberglass-reinforced p l a s t i c  tanks. 

- Double-walled s teel  or fiberglass-reinforced p l a s t i c  tanks. 

Recommended practices for  the design and construction of these types of 
tanks l i s t e d  above are given i n  the remainder of  t h i s  chapter. ’ 
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All new underground storsge tanks should be 
made o f  fiberglass-reinforced p l a s t i c ,  s tee l  
clad w i t h  fiberglass-reinforced p l a s t i c ,  or 
coated s teel  which i s  cathodically protected. 
(6NYCRR 610.8(c).) These types of tanks, 
together w i t h  doubl e-wall ed vessels , are the 
only types of  tanks which should be used for 
underground petroleum storage in New York. 
Bare s teel  tanks are unsuitable for  use as 
underground storage vessels. 

8. General Requirements for  All Tanks 

All storage tanks ins ta l led  underground i n  New York State  s h o u l d  i n -  
' clude the following features: 

- Proper labeling. 
- 
- 

Idear'(striker) plates  beneath f i l l  openings: 
Factory pressure t e s t s  for tightness. 

- Manholes. 
0 - 

The following discussion addres52s each of those features in more - 
detai 1. 

:: 1. Tank Labeling 

In New .. York, ~ - ~- . each tank should -- _-.- hav-e a l a b e l -  o i . p e y m ~ ~ - e ~ ~ . - ~ o n s t r u c t i o f l  
affixed a t  i ts  f i l l  port  which conta.ins ___I___I information ..I.I__l__l.._I on the manufacturer _..__._I__I > 

tank capacity, date of manufacture, -"-- and standards --_I.__,.I__ of construction. ,- . - __, ..-, - This  
information i s  useful if a tank warrantee claim becomes necessary, when 
property,  o r  management changes, o r  i n  t h e  investigation o f  tanks for  
1 eakage. 

_I...-.-I- 
4 

I -.---I--.-- 

. 
, . '?. 

-5 In addition, i t  is desirable t h a t  each tank ~-~-" be marked :___ i n  a -- prominent .-- - - 
place (e.g., on the tank head or end) I...̂-.I_ w i t h  --- important I__-_._--- handling,.-safety, .-  .. -.- 

'manufacturing, and ins ta l la t ion  instructions. T h i s  marking shauld also be 

- ~- .. -. 

.--.-- --.-..---- 
-1 cI_ --I_. __"-..I_-.- 

@-Fapermanent -" ..--.._-.-.-. nature. - . 



2. blear Plates 

All tanks should have a inch th ick  s teel  wear plate  ( s t r ike r  plate)  
centered under each opening. This plate  should be rolled t o  the contours of 
the tank, bonded or seam welded in place, and have an area o f  a t  l e a s t  
575 square inches. These wear plates  provide valuable protection against 
punctures from d i p  s t icks  and "blast  erosion" which occurs under the  f i l l  
tube. 

3. Factory Pressure Tests 

To assure tightness of a l l  welds, seams, and f i t t i n g s ,  tanks should b e .  
factory tested a t  5 psig", i n  accordance w i t h  UL standards and procedures, 
and guaranteed by the manufacturer t o  be t i g h t .  I f  the tank is compartmen- 
ta l ized ,  each section o f  the t a n k  should be separately tested for  Seakage 
and repaired i f  necessary. 

4. Manholes 
- 

* . 1  

Although i t  i s  possible t o  r e t r o f i t  a tank with'manhole, i t  i s  best t o  
use a tank which has a factory-installed manhole. This allows the owner t o  
inspect the tank for soundness a f t e r  ins ta l la t ion  o r  t o  enter the tank l a t e r  
t o  clean sludge from the bottom, internally inspect the tank for  soundness, 
and make necessary repairs. Manholes also allow the manufacturer o f  s teel  
tanks t o  enter  the tank during fabrication t o  join seams w i t h  double welded 
b u t t  joints. These joints are stronger than lap welds, and less  susceptible 
t o  corrosion. 

Manholes should be located above the highest normal l iquid leve'l of the 
tank, and should be o f  the bolted cover type. Manhole cover jo in t s  should 
be sealed w i t h  a gasket material which i s  compatible w i t h  the tank contents. 
The  gasket should n o t  be less  than V8 inch thick. 

* FRP tanks w i t h  diameters above 10 f t .  should be pressurized t o  3 p s i g  for  
tightness t e s t s .  

. .__._ ...x.̂ .__._ _I__.I - .. 



Manholes may pose management problems for  the owner. Manhoie gaskets 
may lose t h e i r  seal and leak, or a i r  pockets may form i n  the manhole cham- 
ber. Either s i tuat ion will present a problem when a tank i s  tes ted for  a 
leak. However, such problems can be resolved by using new gaskets and 
in s t a l l i ng  an a i r  release valve a t  the t o p  of the manhole. 

* 
_1 

C. Design Recommendations - Cathodically Protected Steel Tanks 

i 

A sui table  cathodically protected s teel  tank, regardless o f  s i ze ,  
. should be designed i n  accordance w i t h  Underwriter Laboratory Standard 58 

CU, or the American Society of Mechanical Engineers (ASME) Code for pres- 
sure vessels [2]. A corrosion protection system should include these four  
measures of  control : 

-c 

0 

- Cathodic protection via sacr i f ic ia l  'galvanic anodes or auodes 
energized by impressed current. 

- Monitoring t o  track the effectiveness o f  the -cathodic protection 
system. 

- A t o u g h  exterior epoxy coating which measures a t  l eas t  10-15 mil: 
i n t h i cknes s . 
Electrical  isolat ion of  the tank from the piping system and other 

- - 
underground metall ic structures.  . .  , * .  

To assure complete protection, i t  i s  essential t ha t  a l l  o f  the above 
features are  present. Figure 1-1 i l l u s t r a t e s  these tank construction 

L 

~ features. 

1. Steel Tank Desiqn 

c The fabrication and design requirements of Underwriters' Laboratory are 
specified i n  UL 58, en t i t l ed  Standards for Steel Underground Tanks for  Flam- 

i n  the ASME Pressure Vessel Code, Section YIIT, Division 1, Boiler and Pres- 
sure Vessel Code [Z]. 

mable and Combustible L iqu ids  Cl.7. The requirements o f  ASME are  delineated :t 

0 -  
UL Standard 58 requires t h a t  the length o f  the tank n o t  be greater than 

six times the  diameter. Table 1-1 shows the minimum thickness required by 
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FIGURE 1-1 

PRE-ENGINEERED UNDERGROUND STORAGE T A N K  

This figure shaws the campanencs typically Faund in a pre-eflgineered 
(sacrificial  anade cathodic prataction) underzmund starage tmk insrallacion. 
Tnese components include :he Following: 

@ cattladically-proteited. epaxy coated sieo1 t m k ;  @ dielectric bushirigs 
providing electrical insulatian hetneen tank and a l l  connecting lines; 0 pmduc: 

, 

a 
leak detector an omduct deliver line; .@ submerged pmduct 

Systm; @ l eak  observation ?re11 inside the exc?vatian; 

3 watemmsf, '*per-pmaf l ids  an f i l l  

@ f i l l  pipe; striker plate below f i l l  pipe;- , 

I n  vent l lne f a r  aver-fill pratectim: . 
~ o r  gravel (same material as backfill); @ 5and a r  gravel 

anodes; 
lines and manrays. 

h (121 COUPACTID aED OF S A N D  OR QRAVEL 

ACCES8 DO% 

Nates: 
A. Inner wall f" steel 
E. Coal-tar epoxy se t  t a  r ig id  manufacturers specificatians 
c. 8" minimum thickness 
0. 7.4" m i n i m  distance 
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Underwriters' Laboratory for tanks up t o  50,000 gallons i n  capacity. Note 
t h a t  fo r  small tanks (below 1 ,100  gallons i n  capacity), UL allows the use of  
galvanized s teel  for cathodic protection. UL indicates t ha t  such tanks may 
have shell  thickness as t h i n  as 10-14 mils. Al though  these tanks are struc- 
t u ra l ly  sa t i s fac tory  and acceptable for aboveground use, the Department 

The 
zinc coating o f  galvanized s teel  and the  l i g h t  weight s teel  shell do no t  

for unmonitored small underground tanks. The OeQg&mEt recommends tha t  the 
shel l  . .- of --- any underground ".., s tee l  tank have a minimum-thi-cgess .-.-- of a t  l e a d  . . 

7 gauge - (0.18 - inch), ... w i t h  -._ a 2 inch - tank shell  ( i f  .__ . available) I . . . ~ .  being .- prefer- 
_- able. .- The I--- extra - . shell  thickness - .  . provi,des the corrosion allowances and 
longer __ l i f e  exp&tancies which are comparable __ t o  those . .- of . a .-__. larger tank. . . 

recommends t h a t  small tanks of  these designs - n o t  be .used underground. 

provide the  long-term protection and corrosion allowances tha t  are necessary 

-, 

i 

I_ ---- 

The joints of  the tank may be b u t t  welded or lap welded, according t o  
UL or ASME standards, although double welded b u t t  j o i n t s ,  as discussed 
e a r l i e r ,  are  stronger than lap j o i n t s  and less susceptib7e t o  corrosion. 

2. Ca€hodic Protection 
. 

- 
,- . 

Cathodic protection i s  used t o  minimize corrosion of  the tank which i s  
exposed t o  corrosive conditions. This  protection i s  achieved.by applying an 
e l ec t r i c  current t o  the s t ructure  which is  greater i n  strength and opposite 
i n  direction t o  the  flow o f  current which causes corrosi.on. For example, i.f 
s t e e ?  is exposed t o  corrosive s o i l ,  i t .  would normally emit a current and 
corrode over time. When a sac r i f i c i a l  anode .is connected t o  the tank elec- 
t r i c a l l y  (via wires), i t  produces a stronger current t h a t  flows t o  the t a n k .  ' 

and t h e  anode, n o t  the tank, corrodes. 

' 

' I  

Corrosion protection should be provided by using e i ther  an impressed 
current system which incorporates DC current and an energized anode t o  . : 
deliver current t o  the tank, o r  a galvanic anode which r e l i e s  on the elec- 
tromotive difference between a sac r i f i c i a l .  metal and the tank t o  provide a 
protective f l o w  of current t o  the  tank. Regardless o f  which method i s  used, 
a negative voltage of a t  l e a s t  -.85 v o l t s ,  as measured by a copper-copper 
su l fa te  'reference half c e l l ,  is usually suf f ic ien t  t o  provide corrosion 
protection. 

. 



.. ., ., a 
TABLE 1-1 

Thickness Of S tee l  Tanks 
Recommendm-nderwr i ters 1aborator.y 

" 

Manufacturers 
Maximum" Standard o r  Nominal Thickness 

Capacity D i anie ter Galvanized Sheet  Uncoated Galvani zedkx 

m m  - U.S. Gal lons dm Inches m Gauge No. Inches ' mm Inches 3 

Up t o  285 Up t o  1078 42 1.07 14  k* 0.075 1 . 9 1  0.079 2.01 

' 561 t o  1100 2121 t o  4161 64 1.63 10 k'k 0.135 3.43 0.138 3 . 5 1  
* 1101 t o  4000 4168 t o  15142 84 - 2.13 7 0.179 4.55 ' 4001 t o  12,000 15145 t o  45425 126 3.20 % inch 0.250 6 . 3 5  

12,001 t o  20,000 45429 t o  75708 14 4 3.66 5/16 inch 0.312 7.92 

286 t o  560 1082 t o  2120 48 1.22 12 ** 0.105 2.67 0.108 2.74 

~ 20,001 t o  50,000 75712 t o  189270 1 4  4 3 . 6 6  3/13 inch 0.375 9.53 

So U rce : 
' T h i s m a t e r i a l  i s  based on and taken ,  With permission,  frdni Underwriters Laborator ies  Inc: Standard f o r  Sa fe ty  f o r  
* Stee l  Underground Tanks f o r  Flammable and Combustible Liquids ,  U L  58, Copyright 1976 (by Underwriters L a b o r a t o r i z  

I n c . ) ,  cop ie s  o f  which may be. purchased from Underwriters Labora tor ies ,  . .  Inc,  , Pub l i ca t ion  Stock,  333 Pf ings ten  
. Road, Northbrook, I l l i n o i s  60062. 

Note: 
r s h a l l  no t  be r e spons ib l e  t o  anyone f o r  t h e  use of o r  r e l i a n c e  upon a UL Standard by anyone. UL s h a l l  no t  i n c u r  
any o b l i g a t i o n  o r  l i a b i l i t y  f o r  damages, inc luding  consequent ia l  daniages, a r i s i n g  o u t  of o r  i n  cpnnect ion w i t h  t h e  
use,  i n t e r p r e t a t i o n  of, o r  r e l i a n c e  upon a UL Standard.  

* 
** The use of 'galvanized s t e e l  and shell th icknesses  less  than  7 gauge a r e  not  recommended by t h e  Department o f  

Length of tank  s h a l l  be not  g r e a t e r  than  s i x  t imes t h e  diameter.  

Environmental Conservation. 



Impressed Current Systems. Impressed current cathodic protection 
systems require the use of a r e c t i f i e r ,  which converts AC current t o  DC 
current,  and a h i g h  s i l icon cast  iron sac r i f i c i a l  anode ( o r  graphite anode, 
.if the s o i l  environment i s  saline).  Although the impressed current system 
i s  effect ive i n  almost any corrosive environment, such systems are expensive 
and have been known t o  disrupt  nearby communication c i rcu i t s .  Because of 
t h e i r  complexity, they should only be ins ta l led  by a qualified corrosion 
engineer. 

Galvanic Systems. Pre-engineered galvanic cathodic protection systems 
provide an economical and effect ive means o f  corrosion protection. The best  
of these systems use h i g h  potential magnesium anodes which provide a strong 
natural flow o f  protective current t o  the tank. Table 1-2 shows the weight 
and number of magnesium anodes t o  be used for  various s ize  tanks. These 
anodes should be carefully ins ta l led  on the outside o f  the tank and e’lectri- 
cal ly  connected w i t h  a lead wire t o  the tank, as shown i n  Figures 1 -2  and 
1-3. 

- 

I f  a tank which r e l i e s  on galvanic protection i s  used, the flow of 
e lec t r ica l  current froa the anode t o  the t a n k  should be monitored a t  l e a s t  
semi-annual ly. Systems for  continuous o r  intermittent mon i to r ing  a re  avai 1- 
ab1 e commercially. 

Galvanic protection for  internal surfaces of the tank may be provided 
by ins ta l l ing  zinc s t r i p s  which ac t  as s ac r i f i c i a?  anodes i n  a manner simi- 
l a r  t o  t h e  exter ior  magnesium anodes. The Department recommends internal 
cathodic protection, par t icular ly  for  petroleum products tha t  contain eth- 
anol or methanol. 

. t. 
As wi th  impressed current systems, a galvanic system should only be 

designed by a qualified corrosion engineer. 
~ 

3 .  Coating 

Active cathodic protection as discussed above should. be supplemented by 
the passive protection of a tough  exterior coating. 

0 
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TABLE 1-2 

Sacrif ic ia l  Anode Requirements 

Number o f  

- Surface Anodes Required Anode Weight, pounds 
Tank Area Each Shell Total Each Total . Oow Galvomag 

- Anode Type (1 Sq. F t .  - Head Anodes - Tank Anode Per Tank 
r 

50-175 1 
' 175-350 1 

350-515 , I  
515-780 1 
780-1000 1 

1280-1600 . 1 
1 

1900-2200 1 
1 

2200-2500(2) 1 
1 

lOOO-lZ80 (2) 2 

1600-1900(2) (2) 2 

zsoo-2aisf2) 2 

2 
4 

'2  4 
2 
2 

2 4 
2 6 

9 
17 
24 
32 ' 
48 
32 
32 
48 
48- 
32 
48 
3 2 .  
4a 
4a 

18 
34 

64 
96 

4a 

2aa 

903 
1703 
24D4 

3205 

3205 
4805 

4805 

4805 

Notes 

1. 

2. 

- If s i ze  recommended i s  n o t  available,  use next larger size.  

If tank length is over 35 f ee t ,  place anodes on heads and shel l .  Oesign . assumes tha t  tank of t h i s  s ize  will have ' to  be loaded, unloaded, and 
otherwise handles w i t h  a crane so tha t  no roll ing of  tank will  be nec- 
essary. 

1 

. .... .. . .. . -  .. 
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FIGURE 1-3 

ANODE HOLDER DETAlLS AND INSTALLATION 0 

2" 

ALTERNATE LOCATION FOR 
AHODE LEAD CONNECTOR. 
7/32" @ HOLE. 

TOP ANODE HOLDER PLATE 
ONE REQUIRED ON EACH E N D  

9/32' 0 H O L E  - ONE 
R E Q U . t R E . D  FOR A N O D E  
L E A D  C O N N E C T O R  

1' d, HOLE 

. .  

BOTTOM ANODE HOLDER PLATES 
R E Q U I R E D  ON EACH END 

Notes: . .  
(1) The hole locat ions and s ize  of t o p  anode holder plates and the 

number of bottom anode holder plates may be changed (but n o t  the 
basic design o r  attachment) t o  use '2 bottom plates f o r  9 l b . ,  
3 f o r  17, 24 and 32 lb .  and 4 f o r  48 l b .  anodes. 
For shell  mounted anodes use two t o p  anode holder plates and no 
bottom anode holder plates. 
Where two anodes are  required for each head, two t o p  anode holder 
plates a re  t o  he spaced ahove one set  o f  bottom anode holder 
plates. Bottom anode s h a l l  be installed i n  the usual manner; 
t o p  anode shall be installed i n  a manner similar t o  shell anodes. 

. ( 2 )  

(3)  
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The coating should be factory applied t o  the en t i r e  exter ior  surface of 
the tank a f t e r  anode holdei-s and a l l  bushings and plugs have been instal led 
and, immediately a f t e r  sandblasting. Sandblasting should be completed i n  
accordance w i t h  the Steel Structure Painting Council Specification No. 6 ,  
Commerical Blast Cleaning. The coating material should be a coal t a r  epoxy 
coating, equal t o  one of the following: - 

- Tarset Standard No. 7001, produced by Porter Coatings, Division of 
Porter Paint Company 

- Plas-Chem Chem-Mastee 2203, produced by Plas-Chem Coatings, Eagle 
Picher Industries,  Inc. 

- 
- Corrocote I1 (Instant 'Sett ing) by Madison Chemical Industries,  

Koppers 3OOM, producted by Koppers, Inc. 

Inc. 

The. thickness of the coating on the tank shell  should be 13  mils wet 
(10 miis m i n i m u m  when dry); the thickness of t h e  coating o n  the  tank head 
and w i t h i n  48 inches of shell-mounted anodes should be 22 mils wet (15 mils 
minimum when dry). For. proper curing, the.coating must  be applied a t  tem- 
peratures greater  than 5O0F. Heat may be introduced h t o  t h e  tank t o  ensure 
proper coating a t  low ambient temperatures. Moisture m u s t  not touch the 
tank exter ior  o r  coating until  the coating i s  thoroughly cured. 

. 

The finished coating should be inspected by the fabricator  using a 
non-destructive magnetic film gauge tes te r .  However, i t  i s  recommended t h a t  
a wet film thickness gauge be used frequently while applying the coating t o  
ensure proper  application thickness. 

Coverage of the anode holders and other tank appurtenances should be 
3 

carefully checked t o  insure that  the coating has the proper film thickness 
on all surfaces and edges. 

T h e  coated tank should be handled w i t h  care t o  minimize damage t o  the 
coating during loading, unloading, o r  ins ta l?a t ion  ac t iv i t ies .  Padding 
between trucks and tanks, and on chains or wire rope, is  recommended. The 
repair  of any coating surface which i s  damaged by mishandling should be i n  

. _ _  . , -. ,... . -  
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s t r i c t  accord w i t h  manufacturers' recommendations and s h o u l d  conform t o  the 
above specifications fo r  minimum thickness. 

Internal corrosion can be mitigated by using a coating on the inside o f  
the tank i n  lieu o f  the sac r i f i c i a l  zinc anodes which were recommended 
above. T h i s  provides an extra measure of  protection which is recommended by 
the Department fo r  products containing ethanol or  methanol - 

4. Electrical Isolation 

A71 cathodically protected tanks should be equipped w i t h  f i t t i n g s  for 
e lec t r ica l ly  insulating the t ank  from piping. These f i t t i n g s  may be nylon 
bushings, bolted flanges w i t h  'companion nylon flanges, commercially avail- 
able flange insulation k i t s ,  or an equivalent system. 

If nylon bushings a re  used, they should be properly tightened by the 
manufacturer so that they 'will not have t o  be removed o r  fur ther  tightened 
i n  the f ie ld .  The nylon material m u i t  be able t o  w i t h s t a n d  exposure t o  the 
material t o  be stored w i t h o u t  swelling and/or degradation. If there  i s  any 
question as  t o  the compatibility s f .  the nylon bushings w i t h  the  stored 
material, bushings  made of a compatible material or  flanged openings  w i t h  
chemically compatible gaskets should be used. An a l te rna te  method o f  elec- 
t r i c a l l y  insulating the tank u s i n g  bolted flanges and nylon companion 
flanges i s  shown i n  Figure 1-4. 

Another method of e l ec t r i ca l ly  isolat ing openings i s  t o  use commer- 
c ia l ly  available flange insulation kits. As shown i n  Figure 1-5, these k i t s  
consist of a gasket, sleeves for bol ts ,  and Mashers; a17 o f  these are com- 
posed of d i e l e c t r i c  material. Flange insulation m u s t  be shipped ins ta l led  
i n  the t a n k  w i t h  sui table  threaded companion flanges so the flange isolation 
will not be disturbed i n  the f ie ld .  I t  is recommended that the ins ta l la t ion  
of  flange insulation k i t s  be such t h a t  the  bol ts  will be grounded t o  the 
tank and, therefore, cathodically protected, b u t  isolated from the companioa 
flange. 
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D. Design Recommendations - Fiberglass-Reinforced Plast ic  Tanks 

Fiberglass-reinforced p l a s t i c  (FRP) tanks are manufactured by a highly 
specialized industry. These tanks m u s t  be designed and fabricated by engi- 
news w i t h  expertise i n  the s t rmgth of fiberglass materials, material 
compatibility, and underground tank ins ta l la t ion .  For this reason, only FRP - 
tanks constructed by a reputable manufacturer should be used. 

e 

. 
r 

The following recommendations cover spherical or horizontal cylindrical 
_. atmospheric-type tanks of fiberglass-reinforced p l a s t i c  construction which 

are  intended for  underground storage of petroleum. 

1. FRP Tank Design 

FRP tanks should be U L  l i s t ed  and designed i n  accordance w i t h  Under- 
writers '  Laboratory Standard 1316, Standard for  Glass-Fiber-Reinforced P1 as- 
t i c  Underground Storage Tanks [3], or Underwriters' Laboratory of Canada, 
Standard ULC-5615-1977, 
for  Petroleum Products [4]. These standard5 set forth requirements for  
strucrural  s t rength,  c r i t e r i a  for  chemical compatibility of tank material 
w i t h  product stored, and surrounding s o i l ,  and t e s t  methods f o r  quali ty 
control. Usually the wall thickness o f  an underground FRP tank i s  0.22 
inches, although a thicker wall may be necessary for  large tanks  o r  taflks 
storing products w i t h  a specif ic  gravity greater than 1.5. 

Standard f o r  Reinforcsd P las t ic  Underqround Tanks 

- 
Some FRP tanks have incorporated reinforcing r ibs  i n  t h e i r  design. 

These r i b s  provide the additional s t ructural  strength t h a t  i s  necessary f o r  
tank in tegr i ty  i n  t h o s e  cases. These ribs are designed t o  withstand b o t h  the  

s t a t i c  and buoyancy forces. The ribs are  a lso often designed t o  accept the 
hold down s t raps  used t o  ba l l a s t  the tank when f lotat ion i s  a possibi l i ty .  

* 

internal s t r e s ses  from the stored product, and t h e  external backfi l l ,  hydro- n 

a 

An .FRP tank should be equipped w i t h  l i f t i n g  lugs t h a t  art? attached t o  
the tank 'or  can be attached t o  a f i t t i n g  on the tank. Tanks w i t h  a capacity 
of 1,000 gallons o r  less may'be equipped w i t h  only one l i f t i n g  lug. The 
precise method o f  hand'ling and l i f t i n g  the tank should  be prescribed by the 
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manufacturer and these' instructions should be carefully adhered t o  by the 
in s t a l l e r .  

2. Compatibility of  Materials 

Many resins are available f o r  use i n  FRP tanks, and each has i ts  own 
character is t ics  of performance. Some resins dissolve, soften,  o r  become 
b r i t t l e  i n  acidic or sa l ine  soil  environments. Others will lose s t ructural  
strength when exposed t o  certain chemicals. Gasahol (a gaso1,ine-ethanol 
blend) has been known t o  cause FRP .tank f a i lu re  particula.rly a t  mixtures. of 
15 t o  20% ethanol. Methanol and other gasoline additives are known . to b e  
incompatible w i t h  certain resins. Manufacturers of tanks c a r r y k g  a UL label 
are required t o  perform immession t e s t s  t o  prove material durabi l i ty  and 
chemical compatibility. Underwriters' Lab,oratories i n  turn c e r t i f i e s  only 
t h a t  the tank i s  compatible w i t h  certain chemicals. 

t 

. .  
I n  selecting an FRP t a n k , . i t  i s  therefore of.utmost importance tha t  the 

t a n k  manufacturer be notified o f  the exact chemical compos?tion of the 
product t o  be stored. The manufacturer shourd then bear the responsibil i ty 
f o r  selecting the proper tank and providing the owner w i t h  a writ ten assur: 
ance of chemical compatibility. 
switched from tank t o  tank unless the manufacturer provides assurances tha t  
the new product is compatible w i t h  the  tank. 

Under no circumstances s h o u l d  pr.oducts'.be ' . . . 
. ': 

Because the resins used for  FRP construction have changed over time, it 
is  imprudent t o  reuse a FRP tank of unknown o r i g i n  and age unless the prior 
use of the tank i s  known and the tank manufacturer i s  consulted on the com- 
pa t ib i l i t y  o f  the tank resin w i t h  the  new product t o  b e  stored. 

3. Ins ta l la t ion  of FRP Tanks 

Fiberglass tanks have more exacting hand1 i ng requirements t h a n  do s teel  
tanks' and they acquire most of t h e i r  support  strength from the backfil l .  For 
t h i s  reason, following the manufacturer's i n s t a l l a t ion  instructions and 
having t h e  manufacturer's representative present t o  inspect the instal  la t ion 
is of c r i t i c a l  importance. Chapter 3 discusses i n  de ta i l  the recommended 
practices f o r  i n s t a l l i ng  FRP tanks. 

.. 
. .  . . .7 "..^ -- ... - . " 
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E. Steel Tanks Which Are Clad W i t h  Fiberglass-Reinforced Plas t ic  

Steel tanks which are clad w i t h  f iberglass (often referred t o  as com- 
posite tanks) consist  o f  a basic s teel  tan,k as prescrjbed under Section C of 
this Chapter., which has an outer layer o f  f iberglass resin reinforcement 

Laboratories bas a specif ic  l i s t i n g  f o r  composite tanks, b u t  no o f f i c i a l  . ' 

standard bas been promulgated. Specific designs are considered on a ,case- 
by-case basis. These tanks, when fabricated by a. reputable manufacturer, 

corrosion. They may also be custom manufactured. w i t h  an internal f iberglass  . 
layer to.provide protection from internal' corrosion, o r  constructed i n  a two 
wall design. 

. 

- w i t h  a thickness o f  100 mils bonded t o  the s teel  shel l .  Underwriters.' LI .. 

L 

.. provide a storage vessel which i s  bath s t r o n g .  and r e s i s t an t  t o  external . 

1. ' Electrical  I n s u l a t i o n  

As w i t h  any s teel  tank, t h e  composite tank shou7d have nonconductive 
0 . bushings,  gaskets or washers a t  a l l  p i p i n g  connections to assure that the 

tank is e l ec t r i ca l ly  insulated'from the piping system. 
. ,  

2.; Coating 

The f iberglass  coating must be applied under s t r i c t  quality control. 
The t a n k  must  be sandblasted f ree  o f  rust and scale using the Steel Struc- 
tures Painting Council specifications for  commercial b las t  cleaning, SSPC- 
SP-6. Fo l lowing  sandblasting and vacuuming, the coating shou ld  be immediate- 
ly  applied t o  the surface under moisture-free condi t ions.  

- 
After curing, the coating should be inspected for  a i r  pockets, b l i s -  -A 

t e r s ,  pinholes and e lec t ros ta t ica l ly  tested w i t h  10,000 v o l t s  for coating 
shor t  c i rcu i t s .  t 

The  coating must have bonding qua l i t i es  and a coeff ic ient  of thermal 
expansion which are  compatible w i t h  s teel  so t ha t  s t r e s s  due t o  temperature 
changes will n o t  be detrimental t o  t h e  soundness o f  the coating and the 
permanent bond between the coating and the s t ee l .  The  coating'must be of 

0 



suff ic ient  density and strength Lo form a hard impermeable shell  which will  
n o t  crack, wick, wear, soften or separate. I t  must also be capable of 
containing the product under normal service conditions i n  the event t h a t  the  
s teel  wall should leak. 

As w i t h  FRP tank designs, the resins used i n  the coating of a composite 
tank should be noncorrosive i n  underground soi l  environments and' compatible 
w i t h  petroleum, petroleum additives, and petroleum derivative fiquids. 

' ~- 

- 

.. F. Double-Walled Tanks 

Tanks of double-walled design w i t h  continuous monitoring of the annuTar 
( i n t e r s t i t i a l )  space provide the best overall protection against leakage. 
Because monitoring of tank integri ty  and secondary containment are an inher- 
ent and intergral  features of their design, double-walled tanks may b e  more 
economical t h a n  single-wa7 led tanks w i t h  a monitoring we1 1 and containment 
l iner  installed.separate7y i n  the excavation. 

Double-walled tanks provide the best protec- 
t i o n  against leaks. -The Department recommends 
that t h e s e  types of tanks be  used on a l l  new 
ins ta l  1 ations. 

Double-walled tanks should have an outer jacket w h i c h  covers a t  l e a s t  
the bottom two-thirds (2/3) of the tank. The jacket s h o u l d  cover a l l  
s t ra ight  and g i r t h  seams of the inner wall. There s h o u l d  be no penetrations 
o f  any kind through the jacket t o  the tank except the t o p  entry f i t t i n g s  

= required f o r  monitoring the i n t e r s t i t i a l  space. Figure 1-6 de ta i l s  the 
construction of a double-walled tank. 

i 

.. 

- The douhle-walled tank  i s  most effectively monitored by applying a 
Pressure o r  vacuum t o  the i n t e r s t i t i a l  space and checking for pressure o f  
vacuum loss. 

0 A double-walled tank should incorporate a l l  of the recommended prac- 
t i ces  f o r  single walled tanks ident i f ied i n  Sections B through F of th i s  



F I G U R E  1-6 

DOUBLE-WALLED STEEL TANK WITH 
BONDED FIBERGLASS COATING 

VACUUM ik! 
ANNULAR S P A C E  

s 

CROSS SECTIONAL VIEW 
(DRAWN TO APPROXIMATE SCALE1 



chapter. If a double-walled cathodically protected tank is used, it should 
consist of a standard tank with an outer (second) wall made o f  steel with a 
minimum thickness o f  7 gauge (0.18 inch). This outer wall should be covered 
by an epoxy coating or equivalent as discussed in Section C. If a double- 
walled fiberglass tank i s  used, all requirements for structural strength 
discussed in Section 0 should be addressed. 

A double-walled steel/fiberg?ass composite tank should consist of a 
standard tank with a 7 gauge outer jacket covered by the fiberglass coating 
discussed in Section E. 

In the case of all double-walled tanks of steel construction, pro- 
visions should be made to eliminate potentially corrosive water vapor from 
the annular (interstitial) space of the tank. 

Double-walled tanks Brovide the following 
advantages: 

- The highest level o f  cogtainment tech- 

- Product monitoi-?ng of the interstitial 
space to detect leaks. 

Secondary containment ofthe stared prod- 
uct, and prevention of its release into 
the environmeni. 

- Tightness  testing is usually not neces- 
sary i n  the event that groundwater con- 
tamination from an unknown source is 
discovered. 

- They can be used i n  environmentally 

- They lead to ’lower environmental risks 
and inherently lower insurance costs. 

nology. 

- 

sensitive areas. 
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CHAPTER 2: 

P I P E ,  FITTINGS, AND PUMPING SYSTEHS 

A. Introduction 

~ 

Piping and pumping systems perform the function of  delivering stored 

leakage. Figure 2-1 i l l u s t r a t e s  p i p i n g  and pumping systems which a re  typi- 
cal of a fuel service s t a t i o n .  This chapter will b r ie f ly  discuss the  ele- 
ments of piping and pumping systems and recommend specific components. 

* product from underground storage tanks t o  aboveground dispensers w i t h o u t  - 

B. Pipe Materials 

New underground pipes a t  a storage f a c i l i t y  
should always be protected against corrosion.  
The two most common materials t ha t  meet t h i s  
c r i t e r i a  are fiberglass-reinforced p l a s t i c  and 
cathodical ly-protected galvanized s teel  p ipe .  

- 7  

Piping f a i lu re  i s  a significant cause of underground leakage. Accord- 
ing t o  a leak survey conducted by t h e  American Petroleum Ins t i t u t e ,  p i p i n g  
f a i lu re  accounted f o r  fu l ly  1/3 of a l l  reported leaks a t  underground storage 
f a c i l i t i e s  [l]. The principle causes of  piping fai lures  a re  as follows: . 

Corros ion .  
Settlement o f  backf i 11. 

- 
- 
- F r o s t  heave. - 
- 

- 
Traff ic  loadings on  poorly protected piping. 
Stresses result ing from changes i n  temperature. 

Some of the general considerations associated w i t h  the design of piping 
systems are  highlighted i n  Table 2-1. The principTe remedies f o r  these 
problems are  corrosion protection, proper design by professional engineers, 
and in s t a l l a t ion  by experienced and qual i f ied installers. 



ELEMENTS OF AN UNDERGROUND PfPING SYSTEM 

. .  

A TYPICAL PIPING SYSTEM A T  A N  U N B E A G A O U N D  STORAGE 
FACILITY, SHOWING THE FOLLOWING ITEMS: 
0 S T O R A G E  TANK V E N T  

@ 
.@ T A N K  D R O P  TUBE 
@ SUBRIERQED T R A N S F E R  PUMP 
@ PIPELIME LEAK DETECTOR 

@ EMERQENCY SHUTOFF V A L V E  

@ 
@ E X T R A C T O R  A S S E f f l B L Y  ( F O O T  VALVE) 

TANK F I L L  CAP A M 0  D R O P  TUBE ADAPTER 

SWtF35 J 0 I ) N T  AT A C H A N G E  OF DtRECTlOM 



Table 2-1 

Considerations i n  Pipinq System Desibn 

The following are some general considerations t o  be evaluated when 

L 
selecting and applying materials i n  piping: 

r - 
- The corrosive characteristics of the material t o  be transported, 

and the a b i l i t y  o f  the piping system components t o  withstand t h a t  
corrosion. 

_I - 

The character is t ics  of the external atmosphere ( s o i l ,  water, etc.) 
t o  which the piping system components are  exposed. 

Force loadings due t o  dynamic e f fec ts  ( f lu id  flow) and weight 
considerations. 

The suscept ib i l i ty  o f  the piping material t o  crevice corrosion i n  
threaded j o i n t s ,  i n  socket welded j o i n t s ,  and in other stagnant, 
confined areas. 

The poss ib i l i ty  o f  adverse-electrolyt ic  e f fec ts  i f  the metal i s  
subject t o  contact w i t h  a dissimilar metal, i nc lud ing  older metals 
of the same type. - 
The compatibility of lubricants o r  sealants used on threads w i t h  
the f lu id  handled. 

The s u i t a b i l i t y  of packing, sea ls ,  and O-rings f o r  the f lu id  
service,  including possible e f fec ts  o f  o r  on the f l u i d  handled. 

The compatibiiity of materials such as cements, solvents,  solders,  
and brazing w i t h  the f lu id  being transported. 



A N  0 MPRESSEB CURRENT CATHODtC PRQTECTION 
SYSTEM CONSLGURATION 

SOURCE: Suqqested Ways t o  Meet C o n w s i o n  Protection Codes f o r  
Underground Tanks and Pipinq; The Hinchman Company, 
Detroit, MI. 
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There are several types of p i p i n g  materials available which will  prov- 
i d e  protection against leakage. The materials recommended for  use by the 
Department include cathodically protected s tee l ,  fiberglass-reinforced 
p l a s t i c  (FRP),  and s ta in less  s tee l .  Double-walled pipe is also recognized 
by the Department as  a re l iab le  means of conveying liquids. - - 
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1. Cathodically Protected Steel P i p e  

I n  instances where s teel  i s  the preferred piping material, the Depart- 
ment recommends the use of cathodically protected, galvanized s tee l  pipe.  
Steel p i p e  alone has excellent strength, b u t  is susceptible t o  corrosion. 
Zinc galvanizing gives some cor ros ion  protection t o  the pipe, b u t  t h i s  
protective coating i s  often scraped off o r  scratched during handling, pipe- 
f i t t i n g ,  and installation operations. Therefore, galvanizing alone does not 
provide adequate corrosion protection. 

To provide adequate protection from corrosive elements, e i ther  galvanic 
o r  impressed current cathodic protection should be used. The galvanic 
cathodic protection method employs s a c r i f i c i d  anodes made of magnesium o r  
zinc. These anodes are ins ta l led  i n  electr ical  contact w i t h  the p i p i n g  via 
bonding wires. The corrosion o f  these anodes creates e lec t ro ly t ic  c e l l s ,  
generating a weak e l e c t r i c  current t h a t  protects the p ipe  from corrosion. 
Figure 2-2 shows a layout o f  a galvanic, or  sacr i f ical  anode, cathodic pro- 
tection system. 

The impressed current cathodic protection method employs D.C. current 
provided from an external source. This current is passed through the system. 
by t h e  use of non-sacrificial anodes composed o f  materials such as  carbon, 
non-corrodible a l loys,  o r  platinum. These anodes are buried i n  the  ground 
( to  protect  underground p ip ing ) ,  o r  otherwise suspended in the  electrolyte,  
and e l ec t r i ca l ly  connected t o  t h e  posit ive terminal of the e x t e b a l  power 
supply.  The piping i s  t h e n  connected t o  t h e  negative s ide  o f  t h a t  power 
supply. The  r e s u l t i n g  f l o w  o f  current prevents corrosion o f  the p ipe .  The 
layout o f  a typical impressed current cathodic protection system is shown i n  
F igure  2-3. 

22 
~ 

I 

. . - .. 



ne.̂ .._ \ \ A  



2-7 

I n  e i ther  type o f  cathodic protection system, the determination o f  the 
appropriate size, 1 ocati on, and spacing o f  t h e  anodes requires engi neeri ng 

expertise; such expertise and guidance aye available from organizations such 
as the National Association of Corrosion Engineers. 

As an additional method of corrosion protection, some s tee l  piping 
systems have a corrosion-resistant coating composed o f  a material .such as  

Icoal-tar epoxy. Such a coating may be brushed o r  sprayed on ,  and has excel- 
l en t  hardness, durabi l i ty ,  adhesion, and chemical resistance properties, L 

0 

.- 

a 

I n  underground ins ta l la t ions ,  i t  is  important 
t o  remember that  new steel  p ipe  i s  anodic t o  
old s teel  p ipe .  That is, if new steel  pipe is 

+ connected t o  old s teel  pipe, the new p i p e  will 
corrode much f a s t e r  than it would under normal 
circumstances . 

Electrical i so la t ion  i s  also an important consideration i n  t h e  use o f  
s teel  piping. All .such piping should be isolated from dissimilar metals t o  
avoid accelerated corrosion. I n  addition, care should be taken t o  .&sure 
that .  new steel  piping i s  not ins ta l led  i n  connection w i t h  o r  i n  close prox- 
imity t o  old s teel  structures such as  storage tanks o r  piping. I n  such 
instances, the o l d  s teel  acts  as a dissimilar metal and, as highlighted i n  
the inse t  above, acts  t o  accelerate corrosion of the newer s t ee l .  

2. Fiberglass-Reinforced Plas t ic  Pipe 

' . FRP p i p e  has a d i s t i n c t  advantage over s teel  pipe.in t h a t  i t  is 'inher- 
ently cor ros ion  res i s tan t ,  and t h u s  provides excellent protection against 
leaks when ins ta l led  correctly, I t  i s  also f lex ib le  enough t o  account for' 
minor misalignment and earth movement. No swing j o i n t s  a re  required except 
f o r  very short  p i p e  r u n s ,  or sharp turns. As a r e su l t ,  t h i s .  material has.  
found increasing acceptance f o r  bulk storage.app1 ications i n  recent years. 

However, FRP p ipe  has lower structural strength t h a n  s teel  pipe. It 
therefore requires ful ly-compacted bedding and extra  caution i n  hand1 ing and 



instal la t ion.  The recommended ins ta? la t ion  practices for  this material a re  
addressed i n  Chapter 3, Section F of  t h i s  report. . . 

FRP p i p e  and s teel  p i p e  are now considered t o  have the same ins ta l led  
cost. The cost  o f  the fiberglass material is. much higher than the cost  of 
s t ee l ,  b u t  th i s  is  counterbalanced by lower handling.and pipef i t t ing C O S t S .  - - 

.? 
Underwriters Laboratories has a l i s t i n g  of FRP p ipe  which is approved 

fo r  underground. petroleum products service. T h i s  l i s t i n g  is par t icular ly  
appropriate for  service s ta t ion applications, and should b e  consulted i f  one  
i s  considering the use of t h i s  piping material. 

. 
- 

3. Stainless  Steel Pipe 

Stainless  s teel  pipe i s  also sui table  for  underground use. I t  i s  we11 
known f o r  i ts  corrosion resistance, agd i t s  industrial  use i s  growing. T h e  
main drawback o f  s ta in less  s teel  is i<s cost. Its instal led cost  i s  approx- 
imately th ree  times t h a t  of galvanized s teel  o r  FRP p ipe .  However, the 
added expense may be  warranted where highly hazardous liquids a re  stored, o r  
i n  environmentally sensi t ive areas. - 

@ 

Schedule 1 0 ,  Type 304 s ta in less  s teel  i s  sat isfactory i n  highly corro- 
sive so i l  environments and i s  the most common k ind  o f  s ta in less  s teel  p i p e  
fo r  service station-type, l o w  pressure (20-40 p s i )  applications. Sched- 
u l e  1 0  pipe has a thinner wall thickness than Schedule 40, b u t  i s  o f  suff i -  
c ient .  thickness f o r  welded joints .  Where screwed f i t t i n g s  must b e  used, a 
t ransi t ion t o  Schedule 40 s ta in less  pipe m u s t  b e  made. 

~ 

- 

Stainless  s teel  pipe has the important advantages o f  being able t o  b e  
However, i t  does require 

-2 

ins ta l led  w i t h o u t  coatings o r  cathodic protection. 
the same high quality bedding t h a t  the other materials require. 

4. Ooubl e-Wall ed P i p e  

For s i tua t ions  involving.'the piping o f  very tiazardous o r  ' toxic l iquids,  
o r  i n  instances where t h e  environment would be severly impacted by leakage, 
double-walled piping is  endorsed as an acceptable choice. 

0 



Figure 2-4 i l l u s t r a t e s  one type of double-walled pipe. The outer wall 
. encloses the inner p i p e ,  which is supported a t  regular intervals.  T h i s  

ensemble is  contained by a bulkhead a t  the end of  each segment. The inter-  
s t i t i a l  space between the  inner and outer walls i s  s l igh t ly  pressurized w i t h  
nitrogen. A drop i n  pressure indicates leakage 
i n  the outer wall, while a - r i s e  i n  pressure indicates t h a t  there is  leakage 
from the  inner pipe. T h i s  manufacturer coats i t s  products w i t h  coal tar 

.. epoxy o r  FRP i n  a manner similar t o  t ha t  described fo r  tank coatings i n  

T h i s  pressure is monitored. 

- Chapter 1. 

A t  t h i s  time, the use of  double-walled pipes fo r  underground petroleum 
products piping is something of a r a r i t y  i n  New York. The Department makes 
no specif ic  recommendations as t o  material selections o r  wall thicknesses.. 
However, corrosion protection is s t i l l  of paramount concern, and the manu- 
fac turer ' s  recommendations on t h i s  subject s h o u l d  be closely followed. 

, 

~ 

C. F i t t i n g s  

Connections between p i p e  lengths and a t  t h e  tank are  a frequent sourc2 
T h i s  .section will  describe . f i t t i ngs  by materi.al type since there of .leaks.- 

a r e  few f i t t i n g  elements 'common to  a1.1 types of pipe.materia1.s. 

0 

. .  
When p i p e  is ' icrewed together, thread lubricant (pipe dope) is  neces- 

sary t o  ensure that  .the p i p e  and f i t t i n g  are mated t o  the 'proper depth, t o  
ensure tha t  a t i g h t  seal has been made, and t o  provide some degree of pro- 
tection against the crevice corrosion t h a t  can occur a t  joints.  Where 
threads a r e  joined, the u n i o n  of two metals w i t h  jus t  s l igh t ly  different  
properties resul ts  i n  a galvanic ce l l  which will  corrode i f  n o t  protected. 
Thread lubricant gives limited cathodic protecti-on t o  joints.  The practice 
of welding galvanized p i p e  f i t t i n g s  is uncommon and. i s  an unsuitable prac- 
t i c e  for  underground piping systems. 

.- 

I n  addition t o  t h e  usual elbows and couplings, swing j o i n t s  should be 

' used a t  a l l  changes i n  direction. T h i s  is necessary t o  re l ieve s t ress  on 
t h e  p ipe  from such  causes as frost action, temperature changes, and t r a f f i c  
loadings. Expansion jo in t s  have been used i n  the past  fo r  t h i s  purpose, b u t  



FIGURE 2-4 

DOUBLE WALLED PlPE 
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SOURCE: PERMA-PIPE. DtVlSlOPd OF MIDWESGQ. INC. 



age and repeated f l s x i n g  -wiil  eventually cause them t o  f a i l .  Expansion 
jo in ts  should only b e  used ahoveground. 

Where metallic p i p i n g  is attached t o  metallic storage tanks, d i e l ec t r i c  
T h i s  practice ' pwvents any s t ray e l ec t r i -  

These 
b u s h i n g s  are highly recommended. 
cal currents picked up by the pipe from being conducted t o  the tanks. 
bushings a re  normally made from e i ther  nylon o r  t e f l o n .  

- FRP j o i n t s  a re  glued, except where t ransi t ions t o  pumps and emergency 
s h u t o f f  valves a re  made. Chapter 3 of this  report d e t a i l s  the concerns of 
fiberglass j o i n t  make-up.' 

Relatively thin-walled (Schedule 10) s ta in less  s tee l  pipe may b e  used 
f o r  low pressure piping. The jo in t s  f o r  t h i s  Schedule 10  piping a re  welded. 
Welding s ta in less  s tee l  i s  an operation requiring considerable s k i l l  and 
attention t o  de ta i l . '  Where screwed connection a re  required, such as  f o r  the  
pump connection, a t rans i t ion  t o  Schedule 40 p i p e  m u s t  be made. The Sched- 
ule 40 p i p e  has suf f ic ien t  thickness t o  allow for  pipe threads t o  b e  cu t .  

- 

The joining methods f o r  double-walled p i p e  include flanges, welding, 
and resin-gludng. .The exact. method depends on the spec i f ic  type of p i p e  
chosen. Manufacturers' specifications should be consulted for  more detailed 
information. 

e 

Under normal opera t ion ,  pumps are not a major source of leakage. I n  
fac t ,  i n  some instances the pumping system of a b u l k  storage f a c i l i t y  can be 
used t o  monitor the piping 'system fo r  leaking. The following discussion 
will  address the  basic principles of t h e  common types of pumping systems, 
and describe their u t i l i ty  as  leak detection devices. 

.- 

'. The two most common types of pumping systems, 
remote pumping systems and suction pumping 
systems, a re  both acceptable fo r  service a t '  
bulk storage f a c i l i t i e s .  

e 
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1. Remote Pumping Systems 

(111 Remote pumping systems employ submerged t ransfer  pump (STPs) t o  trans- 
p o r t  the stored l i q u i d  from the tank t o  product dispensers. These pumps a r e  
typical ly  centrifugal pumps w h i c h  a re  rated in t r in s i ca l ly  safe  (explosion 
proof) and are  immersed i n  the product storage t a n k .  They pressurize the 
product delivery line, imparting a "posit ive head", o r  posit ive pressure, t o  

II 

* - 

the product t o  del iver  i t  t o  aboveground and often remote dispensers. ,, 
* 

Remote pumping systems are  generally more energy-efficient than suction 
pumping systems. They also have an advantage i n  t ha t  one pump can service 
several dispensers, whereas suction pumps can only serve one dispenser per 

pump. , .  

The drawback t o  t h i s  type of system i s  t h a t  a submerged t r ans fe r  pump 
cannot difSerent ia te  between product dispensing' and leakage i n  t h e  delivery 
l ine.  A leak o r  crack i n  a pipe may'go undetected f o r  some time becauss, 

. u n l i k e  sucti.on pumping systems, there  i s  no interference w i t h  p roduc t  flow. 
I n  addition, since the p ipe l ine - i s  operating -under a posit ive head, losses 
tend t o  be  rapid. For  th is  reason,- the 8ul k. Storage Code s t a t e s  t h a t  I t . .  . 
new f a c i l i t i e s  employing a remote pumping system m u s t  be. equipped w i t h  a 
p i p e l i n e  leak detector on the discharge s ide of the pump [31." These leak  , 

detectors should b e  capable of interrupting p r o d u c t  flaw i f  there i s  a drop  
i n  pressure i n  the delivery line. Figure 2-5 describes the operation of a 
leak detector  of t h i s  type. 

. .  

: 

The Department recommends that a l l  remote 
pumping systems i n  use b e  r e t ro f i t t ed  w i t h  a 
pipeline leak detector t o  avoid large scale 
leaks. These detectors are  inexpensive and, 
i n  most cases, ea s i ly  instal led.  

2. Suc t ion  Pumping Systems 

Suction pumping systems employ pumps located a t  the dispersion u n i t s  t o  0 
"suck" l iquid out  o f  the storage tanks. T h i s  type o f  pumping system has 

.. . . 



Th 2d Jacket leak detector is a pres- ing system. If a :ak is present which GPh 
equals or exce ds this amount, as ator 

If 
sure sensing, diaphragm operated valve 
designed to indicate a leak in !he piping 

ly b 
penser. tor. Under this condiiion pressure can- , detc 

When the submerged pump is turned not build up in ?he piping system. When tion 
00, a controlled amount of product a nozzle is opened a poppet in the leak only 
(€hree gal lons per hour) i s  metered detector moves to a position which No 1 
through the leak detector into the pip- restricts the flow to approximately 3 the 

much product escapes from the system 
as is metered in through the leak detec- 

a 
between the leak detector and dis- 

This is the indication to the oper- 
ia t  a leak is present. 
iere are no leaks, pressure rapid- 
Ids in the system forcing the leak 
tor to open to the full-flow posi- 
n a system with no leaks It takes 
wo seconds for a complele tesr. 
rther line testing takes place until 
ie,pressure drops below 1 PSI, 

1. THE "TRIP" OR RELAXED POSI- 
TION. Under normal operating con- 
ditions, i t  is assumed that the lines 
are filled with gasoline which is es- 
sentially non-compressible. When 
the system pressure is less than 1 
PSI, the diaphragm and poppet are 
in their "down" or "tripped" posi- 
tion. The position of the valve "pop- 
pet" is such as to allow approxi- 
mately 3 GPM flow into the delivery 
line; through a bypass opening in 
the leak detector valve poppet, 
when the submersible pump starts. 
Since the system is full. pressure 
builds instantly and the poppet 
moves to the leak sensing position, 
assuming there is no leak present. 

2. LEAK SENSING POSITION. As the 
pressure builds to approximately 8 

to 10 PSf (Instantly), the diaphragm 
has moved the "poppet" to such a 
position as to almost stop the flow 
into the piping through the leak 
detector valve poppet. In this posi- 
tion, all the flow must then travel 
around the metering pin which lim- 
its i t  to approximately 3 GPH rate. 
If a simultaneous loss from the sys- 
tem equals or exceeds this amount, 
the line pressure will not build be-' 
yond this point and the valve will 
remain in the leak sensing position 
with the main flow blocked. I f  there 
is an attempt to dispense while the 
valve is in this position, the line 
pressure will drop, the diaphragm 
will resoond. and the ooooet will 
return to position 1 where'approxi- 
mately 3 GPM will flow to the dis- 

pensers. Leaks smaller than 3 GPH 
will be indicated by the Leak Detec- 
tor taking longer than two seconds 
to open completely. If there is no 
leakage in the system, the small 
flow around the metering pin in- 
creases the line pressure to 10 PSI 
in approximately two seconds al 
which poiat thediaphragm will snap 
the poppet to position 3. This all 
takes place in less time than i t  takes 
the dealer to reset the dispenser, 
walk to the car, remove the gas tank 
cap, insert and open the nozzle. 

3. NON-LEAK POSITIOM. This position 
allows full ilow. The poppet will re- 
main in this position as long as the 
system pressure remains above 1 
PSI. At less than 1 PSI the ''poppet" 
will return to position 1. . .  
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decreased i n  popularity i n  recent yaars 2s STPs have become more sophisti- 
cated. 

From an environmental s t a n d p o i n t ,  suction pumps have a built- in safety 
check. I f  t h e r e ' i s  a break i n  the l i ne  and product leaks o u t ,  the pump will  
experience a loss o f  prime and w i l l  sput ter  and hes i ta te  o r  n o t  work a t  a l l .  
However, t o  be effect ive a s  a leak detection method, t he  only check valve i n  
the  l i n e  must be a t  the t ank .  The Bulk Storage Code s t a t e s  t h a t  "a f a c i l i t y  
employing a suction pumping system must  n o t  be equipped w i t h  a check valve 
such  as a u n i o n  check valve except a t  t h e  tank end of t h e  p i p i n g  system 
[3]." 

- 

' .- 

3. Emerqency S h u t o f f  Valves 

The terminus of any type of pumping system should be an emergency s h u t -  
off valve such  as the type shown i n  Figure 2-6. These valves, also referred 
t o  as impact valves, a re  mandated by Chapter 7 o f  NFPA 30, The Flammable and 
Combustible Liquids Code [4]. They are typically located a t  the base o f  the 
dispensing u n i t  as shown i n  Figure 2-6, and-shut o f f  product flow i n  the 
event t h a t  t h e  dispersing pedestal islknocked over o r  exposed t o  f i r e .  

4. Leaks from PumDing Systems 

Although pumps do not represent a major source'of s p i l l s  o r  leaks,  
incidents resul t ing from leaking 'pump seals ,  pump casing fa i lures ,  and 
losses of lubricating o i l  have been known t o  occur, par t icular ly  i n  the case 
of suction pumps o r  remote pumps which are'mounted above (as opposed t o  i n )  
the storage t a n k s .  A s  a resu l t ,  periodic inspections of pumps a r e  neczssary 

be conducted on basis,&wmms+m. 
i n  a b u l k  s t o r  ty ;  the Department recommends that  such  inspect ions -., 

- 2  

. 
E. 

Hoses are generally used a t  bulk storage f a c i l i t i e s  t o  t ransfer  l iquid 
. .  r during loading and unloading operations. 5 I 1  
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t ion of hoses. 
a wide varie-ty of materials currently used i n  the construc- 

As a general rule,  the Department recommends tha t  any hose 
used for liquid t ransfer  a t  bulk storage f a c i l i t i e s  be UL l i s t ed  for  the  
intended service. 

The major causes of leaks and s p i l l s  associated w i t h  hoses include i m -  
proper  connection and handling o f  hoses during l iquid t ransfer  operations, 
leaks a t  j o i n t s  o r  f i t t i n g s ,  rupture of the hose due t o  internal pressure, 
and abrasive wear of hoses. 

.' - 

- 

To prevent  leaks and s p i l l s  from these causes, the  following practices 
a re  recommended: 

- A trained operator:should be present and a l e r t  during a l l  l iquid 
t ransfer  operations. 

- I t  shpuld be confirmed tha t  the hose pressure specification is  
adequate fo r  the intended service. 

Hose guards should be provided for areas o f  h i g h  abrasion. 

The  hose should b e '  inspected periodically fol: evidence. of abra- 
s ion ,  cracks, o r  other 'signs of wear. 

- 
- 

. .  
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CI-IAPTER 3 

RECOMMENDED I N S T A L L A T I O N  
PRACTICES FOR UNDERGROUND 

STORAGE FAC I LIT1 E5 

Proper ins ta l la t ion  is an important  
factor  i n  preventing leaks from underground 
bulk storage f a c i l i t i e s .  

A. Introduction 

Many leaks a r e  traced t o  mishandling of storage tanks and equipment 
prior t o  ins ta l la t ion  o r  t o  poor  instal la t ion practices. The most common 
instal  1 ation m i  stakes include the fol  lowing: 

. .  

- Damage .to the protective coatings of  s teel  tanks. 
-.  Structural damage t o  tank- materials dur ing  transportation and 

0 instal  1 ation. - 
- . .  The use of corrosive backfil l  materials. 

. .. 
. . -  Poor foundations, the la& of bedding, o r  -improper- compaction 0.f 

Po'or,anchoring o f  tanks i n  h i g h  groundwater areas. 
. i  backfi l l .  

- - 
r 

Poor ins ta l la t ion  o f  tanks can lead t o  tank se t t l i ng ,  tank f loatat ion,  
or  deflection of the tank walls; any of  these can resu l t  i n  damage t o .  the 
tank or piping. Failure t o  properly level a tank d u r i n g  instal la t ion can 
lead t o  the creation of air pockets i n  the. tank dur ing  its Use,-tjkwspre- 
venting accurate measurement of inventory losses and tank Teaks. Damage t o  
coatings, or  the use of poor o r  improper backfill material,. can lead t o  
accelerated corrosion of underground steel tanks. 

.- 

Proper instal  la t ion is  so .crucial  t ha t  major tank manufacturers warrant 
t h e i r  tanks against fa i lure  only i f  they are instal ' led and used i n  accor-F 

For  this reason, tanks should,be 
insta'lled i n  s t r i c t  accord w i t h  manufacturer's recommendations. 

8 . dance w i t h  manufacturer's instructions. 
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The DEC recommendations which follow should guide a l l  tank in s t a l -  
lations. They a r e  consistent w i t h  generally accepted practices and the 
recommendations of tank manufacturers. If th i s  guidance i s  followed, i n -  
s t a l l a t ion  related tank and p ip ing  fa i lures  should n o t  occur. This  guidance 
should b e  considered subordinate t o  thc Bulk Storage Code and t o  site- 
specif ic  engineering practices which may be required for  an individual 
f a c i l i t y .  

Other Instal  la t ion Information 

Owens Corning Fiberglass Corporation has 
prepared a t a n k  instal  la t ion techniques manual 
which discusses solution5..to some of the  more 
common problems. a contractor, inspector or  

*. engineer, m i g h t  face dur ing  ins ta l la t ion  of 
underground vessels [4] .  Although its primary 
focus i s  on f iberglass  tanks, the principles 
and guidelines are  applicable t o  s teel  tanks 

,as  wel'l. 
. .  

8. Planning And'Des.igningthe Facil i ty 

Many storage problems are  due t o  poor si . te conditions, . o r  impr0pe.r 
'layout and design. These topics are  covered i n  the American Petroleum 
I n s t i t u t e  (API) Pubi ication 16.15, Instal  lat ion - of Underground Petroleum 
Storaqe Systems [2] which is an excellent guide. for  engineers, marketers. and 
contractors i n  the design of underground gaso1,ine service s ta t ion systems. 
Table 3-1 summarizes the major planning and design concerns  presented i n  APT 
Publication '1615. Copies o f  th is  document are available from API a t  the. 
address g.iven i n  the introduction of th i s  manual. 

The actual location and or ientat ian of a17 tanks and piping system 
components should be noted on as-built  drawings, especially if there i s  a 
change from original drawings. Photographs are  also desirable t o  convey a 
physical idea o f  the location of underground equipment. Copies o f  a l l  
drawings, photographs, and plans should be maintained a t  the s i t e  for the 
l i f e  o f  the  f a c i l i t y .  

.. 

. 
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Table 3-1 

Planning and Design Considerations for  
Ins ta l l inq  Underground Storage F a c i l i t i e s  

0 

S i t e  C o n d i t i o n s  

Soil Characterist ics - Clays, we t ’ so i l s ,  cinders and a c i d  s o i l s  are  
highly corrosive and can s igni f icant ly  a f f e c t  the ra te  of corrosion of 
metal tanks and piping. See Table 3-2 f o r  classes of soi l  corrosivity.  

Depth t o  Groundwater - Tanks ins ta l led  in areas of h i g h  groundwater or. 
i n  floodxays must be properly anchored. Tanks plated in water-filled 
excavations require bal las t ing and special i n s t a l l a t ion .  

..* 

P 

Land Use a t  the S i t e  - Si tes  which contain abandoned pipes and tanks, 
agr icul tural  drainage t i l e s ,  or l andf i l l  materials pose special in- 
stal1atio.n problems. New metal par ts  may become anodic t o  o l d  tanks 
and pipes- F i l l  ‘may be highly corrosive. . Agricultural .drainage t i l e s  
o r  o l d  storm .drains may breach -Secondary containment barr iers .  Old 
buried tanks which were n o t  properly f i l l e d  when they were abandoned 
may collapse and cause foundation problems for  neiwly ins ta l led  tank; 
and pipes. In addition, s t ray electric_ currents  from nearby under- 
ground power l ines  or from improperly constructed e l e c t r i c  systems m q  
cause problems of  accelerated coyrasion. 

0 

Layout 

. 

Tank F i l l  Openinqs - Tank f i l l  openings should be located t o  minimize 
manuvering during truck deliverl’es and so that delivery trucks are n o t  
blocking driveways or located on  p u b l i c  right-of-ways. 

Maos of F a c i l i t i e s  - As-built drawings s h o u l d  be prepared so tha t  
underground e l ec t r i ca l  c i r c u i t s ,  pipes and tanks can be readily 
1 ocated. 

Oesign Considerations 

L- Bimetallic and Galvanic Cells - Dissimilar metals in pruximi ty  t o  each 
other can cause problems w i t h  corrosion. A hronze check valve joined 
to  a s t ee l  p i p e ,  a copper water l i ne  crossing t h e  property, an e l e c t r i c  
service grounded t o  water service,  o r  weTd metal which i s  di f fe ren t  
from the parent metal are  a l l  potential causes of corrosion. For 
s imilar  reasons, new s tee l  tanks should n o t  be in s t a l l ed  next t o  old 
s t ee l  tanks. 

I n i t i a l  Cos ts  vs. Operatinq Costs - Frequently a higher i n i t i a l  capital  
outlay can mean lower operating costs over the long run. 

I .  



Table 3-1 (Continued) 

Planninq and Desiqn Considerations for 
Instal I inq Underground Storage Fac-r i i t i e s  

Selection of Materials/Equipment - The choice of tank, whether s tee l  or 
Eberg lass ,  the dimensions o f  the tank, and the type of pump system may 
be determined by such factors as rock conditions, pumping l i f t  require- 
ments, o r  other s i t e  conditions described above. 

Traff ic  - The type and amount of t r a f f i c  above tanks and pipe ga l le r ies  
Z F G T t h e  physical loads on underground f a c i l i t i e s  and therefore must 
be considered in the design. 

- 

. 
. 

Venting - Each tank should be vented t o  prevent the b u i l d u p  of exces- 
sive pressure or the blowback of vapor o r  l iquid a t  the f i l l  opening 
when th,e'tank is being f i l l e d .  
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Soil 
Co rr o s i v i t y  

... Very low 

Low 

I Medi urn 

High 

Very High 

0 

Table 3-2 

Classes o f  S o i l  Corrosivity 

S o i l  Charac- 
t e r  i s t i  cs 

Well Drained 
Gravel 

We1 1 Drained 
Sand & Gravel 

Poorly Drained 
Sand & Gravel 

Poorly Drained 
Fine Sand and 
S i l t  

Poorly Urained 
Clay ~ 

- 

Resistivity ' 
(Ohm-centimeters) 

10,000. 

5,000- 
10,ooa 

5,000 
2,000- 

1,000- 
2,000 

Less than 1,000 

. 

- ....... ~. . . . . . . .  ...... .. . _I -.- ---- _ _  
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C. Si te  Pr i o n  - 

1. L.ocatio.n of the Excavation 

Underground tanks must be located outside the prism of bearing pressure 
of structural  footings so as n o t  t o  receive foundation loads.  To avoid 
foo t ing  pressures, undermining the foundations o f  existing structures, and 
other construction problems, tanks shou ld ,  wherever possible, be located no 
closer than 1 0  fee t  t o  a b u i l d i n g .  

- 

.. 

2. Excavation Size 

I n  s table  so i l s  where shoring i s  n o t  required t o  maintain a vertical 
wall from top  t o  bottom, the excavation should be large enough for the tank 
plus a minimum clearance of 24 inches between adjacent tanks and between the 
tank sides and ends anti the banks o f  the hole: This is  large enough t o  
allow tamping of backfill and t o  properiy cushion the tank. 

In unstable soils such as muck, peat or dry sand,,a hole equal t o  11/2 
the diameter of tank being installed is usually necessary. Unstable soi ls  
are defined as those soils which have e i ther  less  than 750 lbs/sq.ft.  
cohesion as calculated from an unconfined compression t e s t ,  or an ultimate 
bearing capacity o f  less than 3,500 lbs/sq.ft.  

I f  the excavatiorr i s  oversized i t  should be backfilled w i t h  materials 
specified i n  Secti0n.F of this chapter, Bedding and Backfill. 

3. Excavation Depth 
-+ 

Figure 3-1 and Table 3.3 show the minimum depth of cover and thickness 
o f  bedding required for  underground tanks. The excavation depth i s  normally 
equal t o  these min imum depths plus I tank diameter. For  atmospheric tanks 
o f  s teel  construction, tanks may be buried deeper b u t  .in no case should the 

4 - 



Dimensions for Underground Tank Installation . _  

. 

. 

Key 
a.pavement thickness d.pavement extension 
b-depth of compacled backtill cover 
C-diSi3nCe between tank and excavation 

e.depth of  bedding 
f.distance between adjacent tanks _- . -  

.- _- wail 
I-. 

- .  
Table 3-3 

Recommended Dimensions for 
Underground Tank Installations 

- 

. TYPEOFTANK 

All  Tanks 
Pavement Extensions(d) ................... 
Distance Between Tank and Bank of  

Excavation(c) .......................... 
Thickness of  Compacted Beddingle) ......... 
Steel Tanks 

. Distance Bet?.ee? AdiacentTanks(f). ........ 

- 

With Tzaffic Losds 
Reinforced Cuncete Pavement(a) ,-. .... 

Asphaltic Concrete Pavementia) ........ 
Plus Compacted Backfill Cover(b) ....... 

Plus C3mcac:ed Eaci f i l l  Covr;r(b) ....... 
or 

Li 

Without Traffic Loads 
Reinforced Concrete Pavementla) ....... , ,  
Plus Compacted Backfill Cover(b) ....... 

MINIMUM 
REQUIREMENT' 

12 inches 
24 inches 

24 Inches . 
12 inches 

6 inches 
18 inches 

8 inches 
18 inches 

4 inches 
12 inches 

L 
'Unless Otherwise Noted 

Cover i s  36 Inches 
' . In Wet Hole Instailalions, the Minimum Depth 01 Compacted 

. . .  
TYPE OFTANK MiNlMUM 

REQUIREMENT' 

Fiberglass Reinforced Plastic Tanks (20,000 Gallons and Under) 
Maximum Burial Depth(b) ................... 

Reinforced Concrete Pavementla). ....... 
Plus Compacted Backfill Cover(b) ....... 

Plus Compacted Backfill Coverlb) .. __ .  .. 

Reinforced Concrete Pavementla) ........ 
Pius Compacted Backfill Covertb) 

84 inches 

6 inches 
18 inches" 

With Traffic Load 

or 
. Asphaltic Concrete Pavement(a) ..... ._ . 6 inches 

30 inches" 

4 inches 
12 inches" 

Wilhqut Traffic Loads 

....... 
Fiberglass Reinforced Plastic Tanks(0ver 20,000 galions) 

Maximum Burial Depth(b) .............. 

Reinforced Concrete Pavementla) ....... 

84 inches 

6 inches 
36 inches 

Asphaltic Concrete Pavementla) .... : . . . .  6 inches 
42 inches 

6 inches 

With Traffic Loads 

plus Compacted Backfill Cover(b). ...... 

Plus Compacted Backfiil Cover(b) ....... 
or 

Without Traffic Loads 
Reintorced Concrete Pavement(a) ..... .- 
?Ius Compacted Backfill Cover(b1 ..... ._ 24 inches 
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burial depth be such tha t  the s t a t i c  head imposed on the b o t t o m  o f  the tank 
exceeds 10  psig with the f i l l  pipe o r  vent pipes f i l l e d  with l iquid.  Also,  
-if the depth of cover i s  greater than the tank diameter, the tank manu- 
facturer  should be consulted t o  determine i f  reinforcement i s  required. 

- 
Atmospheric tanks of f iberglass reinforced p l a s t i c  construction may 

a lso  be buried deeper b u t  the  depth of cover must no t  exceed 84 inches (7  
f ee t )  over the t o p  of the tank. 

4. Dewatering the Excavation 

* 

- 

In areas of h i g h  groundwater or where surface .runoff. leads t o  accumula- 
t i o n s  of water i n  the excavation during ins ta l la t ion ,  s i t e  dewatering may b d  
.necessary. , .  

1.  

There a r e  three methods for  dealing w i t h  .water accumulation i n  an 
excavation: (1) water can be allowed t o  flow into an excavation and pumped 
o u t  from sumps or  ditches;  (2)  the water table can be lowered prior t o  

excavating, using e i ther  wells, wellpoints or ejectors;  o r  (3) cutoff ka11.s 
of s lurry or grout can be installe'd. Any one or a combination of these 

a 
- 

- three methods can be used t o  effect ively dewater a s i t e .  

There are  a number of factors which influence the choice o f  .a det.ra- 
tering procedure. Aside from the cos t ,  these factors  include the f o l l o w i n g :  

- The nature of the s o i  1 .  
- - The  areal groundwater hydrology. 

- 
- 
- 
- The construction schedule or required duration o f  dewatering 

The size and depth of the excavation. 
T h e  proposed method of excavation and, i f  necessary, wall support .  
The  proximity of existing structures. 

operations. 

- 
~ 

The b u l k  o f  this information can be through t e s t  bo r ings ,  and 0 
analyses of the hydrogeology o f  the area. 
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Construction Dewatering, A Guide t o  Theory and Practice, by J.P. Powers 
[I] i s  a good source of background information on s i t e  dewatering. In 
practice, i f  dewatering i s  required, an experienced professional engineer, 
geologist, or hydrogeologist should be consulted. 

0. Preinstallation Testing and Inspection 

The Department requires that  a l l  tanks be tested prior t o  shipment. 
Once the tank has been delivered t o  the s i t e ,  i t  is  recommended that  the 
tank be cleaned free o f  d i r t  clods, visually inspected, and pressure tested 
aboveground a t  the s i t e  prior t o  instal la t ion.  The t e s t  usually consists o f  
pressurizing the tank t o  5 psi, soaping a l l  jo in ts ,  seams and f i t t ings ,  and 
monitoring for  pressure drop and bubbles. 

.? 

E. Care i n  Handling 

Although tanks are designed t o  wfthstand normal handling and t o  provide 
secure storage of i t s  product, they must n o t  be dropped, handled with sharp 
objects, dragged or rolled. ‘The protective coatings of steel tanks  or the 
shells of f iberglass tanks can be-damaged w i t h  mishandling. If the tank 
coating or shell i s  damaged, it must be repaired i n  accordance w i t h  manu- 
facturer instructions. 

0 

The proper way of moving a tank is  by l i f t i n g  it, using l i f t i n  lugs 
41 ings ,  cab1 es or chai n# around sd-8 6Ww7 6% u s 4  

installed by the manufacturer. 
the tank. 

- F. Bedding and BackfilJing 

1. Secondary Containment and Recovery System 

The Department requires tha t  a l l  new underground instal la t ions include 
a secondary containment system, a monitoring well and a well for  recovering 
los t  product. The design and instal la t ion of these systems are discussed i n  
Chapter 4 (Secondary Containment) and Chapter 7 (Leak Detection). 
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2. Bedding and Backfill Materials 

Fiberqlass Tanks. Fiberglass reinforced plast ic  (FRP) underground 
0 

tanks receive as much as 90% of the i r  structural support from the backfill 
and bedding used. The selection of backfill material i s  therefore an impor- 
t an t  aspect of the instal la t ion.  ~ 

FRP tanks should be instal led us ing  bedding and backfill of e i ther  pea 
gravel or stone/gravel crushings. If pea gravel is  used i t  must be a clean 
naturally rounded aggregate w i t h  a mix of par t ic le  sizes w i t h  diameters n o t  
less  than 1/8 of an inch or  more than 3/4 of an inch. I f  stone/gravel 

I crushings are  used, they should be washed and free flowing, w i t h  angular 
par t ic le  s izes  n o t  less  than 1/8 of an inch nor more than 1/2 o f  an inch. 
Figure 3-2 shows the s ize  of  pea gravel and crushed stone recommended f o r  
bedding and backfilling underground tanks and pipes. Pea gravel and crushed 
stone compact readily when placed in-  the excavation; t h i s  property makes 

. 

them highly suitable its fouhdation mat<rials. . 

0 
All backfill material must meet the requirements of ASPI-33, Paragraph 

No materj.als should have par t ic les  passing a 
In freezing conditions; the materials.must be dry. and.free of ice 
Under no circumstances will backfil l  with frozen lumps be accep- 

9 . 1  f o r  qua'lity and soundness. 
#8 sieve. 
and snow. 
table. When they melt, these lumps can create v o i d s  in the bac,kfill. 

The suppli'er should be required t o  cer t i fy  tha t  the backfill and bed- 
ding material meets .these specifications. I f  acceptable material i s  n o t  
available, . t h e  tank manufacturer o r  a professional enginee.r should be con- 

. other alternative materials and.the proper instal  1ation.procedures' for. each. 

- , '_ tacted for  information'on the use of l igh t  weight aggregate cement slurry or 

Steel Tanks. Although steel  tanks are less dependent on backfill 
material for  structural  support  than FRP tanks, the use of good materials 
and adherence t o  sound engineering practices are essentia7 f o r  proper steel  

Pea gravel o r  crushed stone/gravel as specified for  
fiberglass tanks i s  preferred b u t  a uniform clean sand o r  self-compacting 
gravel which is free of rocks, clay, loam, o r  cinders i s  acceptable. 

tank instal la t ion.  
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0 
Figure 3-2 

Size o f  Pea Gravel and Crushed Stone Recommended 
fo r  Bedding and Backfill Material 

Bed and Backfill 

1 J 

Gravel 

A clean naturally rounded 
aaqreoale wilh a mix 01 particle - -  - 
S m S  no1 less than 1/8" or more 
Pian 314" is required. This 
matetiat is commonly called pea 
g!awel. 

Slone or Gravel Crushings 

Washed Stone or gravel 
crustrings wiin angular parlicle 
size not less lhan 1/13" or more 
lhan 1/2' are required. 

Note: All backlill materials must 
meet ASTM C-33 paragraph 9.1 
lor qualily and souodness. No 
backlill should have particles 
passing a K6 sieve. 
In freezing conditrons backlill 
mu51 be dry and free 01 ice 

Note' You should require yoor 
backlill supplier to cerlily thal 
the backlill meek lhis specilica- 
tion 
I1 your backlill does not meet 
the above reauirernenls alter. 
"ale materials may be used 
under the lollowing conditions. 

1. Only on 4' lhrough 10' 

2. Particle size shall be a mix 

diameler tanks 

and can noi exceed 112- wilh 
no particles passing a #ZOO 
sieve. The material musl be 
liee 01 organic malerials. sill. 
dirl. or clay. The material 
must also meel the ASTM 
specilicalion lor hardness 
relerenced above 

3, The material must be 
mechanically compdcled m 
12" l i l ts lo achieve a 90% 
relative density 10 Supporl 
lhe lank. 

4 Verilicaiion 01 Ihe 90% 
relalive densily must be 
fuinished to the Owner in 
writing. 

Figure 3-2 shows the s ize  of pea gravel and crushed stone recommended - 8  
' f o r  bedding and backfilling underground tanks and pipes. 

stone. 
suited as a foundation material, 

Pea gravel and crushed 

compact readily when placed in the excavation which make them highly 
- . ... 

~~~ ~~~~ 

~. 
~ ~~~ 
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3. Dry Hole Installation 

Once the  secondary containment barrier and a 12 inch (minimum) com- 
pacted bedding is  instal led,  the t a n k  should be carefully placed on  the bed 
and checked again t o  insure tha t  i t  is f ree  of d i r t  clods. 

An underground tank should n o t  be placed 
direct ly  on a concrete slab,  timbers, beam or 
cradles. I 

The t a n k  should then be leveled and 12 jnches of backfi71 placed along 
the b o t t o m . o f  the tank by hand shoveling and tamping t o  ensure that the t ank  
is fu l ly  and evenly supported. A board and long handled probe can be used 
t o  penetrate backfill and move i t  t o  f i l l  any voids .  It is  particularly 
important t o  work voids free a t  the ribs and caps o f  fiberglass tanks. One 
way of 'checking t o  see i f  voids haw been removed is  ' t o  enter the tank 
through the manway. and t o  l ight ly  tap the shell  wall w i t h  a wooden screw- 
driver handle from side t o  side i n  the backfill area. Voids can be found by 
a d is t inc t  hollow sound. 

.. ,. . .~ . . .. 

I f  the tank is a cathodically protected steel  tank, the anode lead-wire 
attachment t o  the t a k s h o u l d  be checked a t  th i s  point t o  assure tha t  this  
connection has not been ' damaged. Where damaged, the connection m u s t  be 
repaired i n  s tr ict  accordance w i t h  manufacturer's specifications. 

Leveling the tank, and hand placement and compac- 
t i o n  of f i l l  along the bottom edges of the tank are 
important steps fo r  proper  installation. 

If t h e  tank is  a large (diameter 12 fee t  or  larger) FRP tank, anchoring 
i n  strict accord w i t h  manufacturer's requirements is necessary. 

n' 

Once , t h e  f irst  backfill l i f t  has been properly placed, successive 12 
inch l i f t s  can be similarly installed up t o  the sub-grade level for the 
slab. Placement and tamping of the soi l  i n  l i f t s  will prevent flattening of 
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' the bot tom of  the tank and allows the tank t o  hold the cylindrical or spheri- 
cal shape necessary f o r  maximum' strength. 

Hand placement and compaction t o  95% Standard. Procter i s  especially 
important for the bed, the f i r s t  two l i f t s ,  and the l a s t  two l i f t s  between 
the t o p  of the tank and cover slab. 

- 

-> 

If  the backfill i s  b rough t  t o  the t o p  of the tank, b u t  further back- 
f i l l i n g  of the excavation is delayed, i t  may be necessary t o  add water t o  
the tank as bal las t .  This wil l  prevent flotation s h o u l d  the s i t e  become. 
flooded before the final cap i s  installed.  Do no t  bal las t  the t a n k  with 
wateruntil  the backfill i s  even w i t h  the t o p  of the tank. 

4. Wet Hole Installation',  

Tank instal la t ions i n  high groundwater areas, o r  where the hole may 
f i l l  w i t h  water, are much more compjex than dry hole installations.  Al- 

. though the requirements .for bedding, leveling and compaction of backfill are 
the same as for  dry hole s i tuat ions,  the  tank-must usually be ballasted w i t h  . water during instal la t ion and anchored. t o  prevent f lotat ion.  Many tanks and 

high groilndwater levels. A l t h o u g h  fiberglass tanks are particularly suscep- 
t i b l e  t o  f lotat ion damage, even steel  tanks can be damaged. 

- connecting pipes have been placed i n t o  service only t o  be l a t e r  damaged by 

c First of a l l ,  the water level i n  the excavation should be maintained a t  
the lowest practical level. The dewatering methods discussed in Section C 
of this chapter are usually successful. 1 

I f  the water level i n  the excavation cannot be lowered, bal las t  must be 
added t o  the tanks. This  i s  accomplished by par t ia l ly  f i l l i ng  the t a n k  w i t h  

never exceed the water level i n  the hole. Ballasting w i t h  petroleum o r  
p r o d u c t  is dangerous and n o t  recommended. Figure 3-3 shows the concerns 
associated w i t h  a wet hole instal la t ion.  

. water until i t  s e t t l e s  gently on the prepared bed. The bal las t  level must 

-_ .. . .  
" .  ,, : .. 

. ., .. I . 
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5. Weighting and. Anchoring ' 0 
Anchoring or weighting of a t a n k  is  

usually necessary t o  protect against f lotat ion 
i n  h i g h  groundwater areas. 

. 
- 

n Weighting o r  anchoring the tank i s  required under any circumstances 
where the ground may become saturated w i t h  water, such as i n  flood plains, 
groundwater aquifers, wetlands or i n  t i g h t  so i l s  where rainfall  and runoff 
cannot be successfully diverted from the s i t e .  Because of  t he i r  additional 
weight,  s teel  tanks are less susceptible t o  f lotation than fiberglass tanks 
and smaller tanks are:less buoyant than larger tanks. I f  there is  any 

. question on whether or not weighting o r  anchoring is  necessary, estimates o f  
' expected groundwater levels and calculations o f  bouyant forces should be 

made by a professional engineer. Buoyancy tables for fiberglass tanks are 
available i n  the Owens-Corning Fiberglas Underground Tank Installation 

0 Techniques Manual. Tank manufacturers shouJd  be consulted for buoyancy 
information on steel  tanks. - 

- 

- 
All FRP tanks over 1 2  f e e t  i:n d i a m e h  must be anchored, whether i n -  

s ta l led i n  a wet s i t e  orn_ot. 
. _________ - _- I_.---_ r..l __.....__......-- .--_.._--. l__l____ 

. .  _--- 
Weighting the Tank. Weighting the t a n k  is accomplished by burying the 

tank deeper and/or by adding a thicker surface (cover) slab. The weight of 
the overburden holds the tank down. Sometimes buoyancy is  counteracted by a 
concrete weight col lar  installed a t  the upper 1/3 level o f  the tank. T h i s  
is called mid-anchoring and requires special ins ta l  la t ion procedures which 
should be conducted under the supervision of the tank manufacturer o r  f i e ld  
engi neer. 

- 

- 

L - . 

' 
Anchoring the Tank. Anchoring involves strapping the tank t o  a rein- 

forced concrete anchor pad buried underneath 12 inches o r  more of bedding, 
o r  strapping i t  t o  reinforced concrete deadmen layed along each side and 
parallel t o  the tank. The weight o f  the concrete and t h e  overburden on t o p  
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0: the slab or deadmen provides the necessary hold-down force. The s ize  of 
the concrete reinforcement bars, the size of the slab or deadmen, p o s i t i o n -  
ing; and strapping requirements depend on the size of the instal la t ion and 
the so i l  conditions. They must be designed i n  accordance w i t h  accepted 
engineering practices and instal  led i n  accordance w i t h  manufacturer's re- 
commendations. A t  a minimum, anchor slabs should be 8 inches thick and 
extend 18 inches beyond the ends of the tank and the vertical  tangent l i ne  
of the tank. Oeadmen should be a minimum of 12 inches beyond the vertical  
tangent line of the tank. Oeadmen should be a minimum of 12 inches by 12 
inches and extend 1 2  inches beyond the ends and vertical  tangent l ine  of  the 
tank. 

- - 

Anchor b o l t s  should be imbedded i n  the slab and coated w i t h  epoxy t o ,  
prevent corrosion: 

. .  

Anchor Straps. The posi.tioning of anchor straps i s  one of the most 
important steps i n  anchoring a tank. The straps must be uni.formly t i g h t  and. 
spaced so tha t  the load will be evenly distributed. On fiberglass tanks all 
anchor p o i n t s  i n  the bot tom of the tank excavation should be spaced a dis- 
tance equal t o  the tank diameter pl-us. 1 foot from the p o i n t  i n  the bedding 
direct ly  under the center l~ ine  of the tank. 
ribs designated by the manufacturer, n o t  between them. 

-. 

Straps must. be aligned on the ' 

On s teel  tanks, straps must be separated from the tank by a pad made o f  

iner t  material. 
i n  the  coating and e lec t r ica l ly  isolates  t he  tank from the straps and 
anchor. Neoprene or  asphalt-impregnated expansion j o i n t  material i s  nor- 
mally used. 

The pad which is usually 2 inches wide, prevents scratches,  

+_ 

G. Pavement Openinqs 

I *  

Any part of the excavation w h i c h  has an opening or f i t t i n g  that i s  con- 
nected t o  the tank must be protected from t r a f f i c  and the inf i l t ra t ion  o r  
collection of '  water from precipitation. T h i s  protection must extend the  
fu l l  thickness of the pavement. 
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F I G U R E  L 3-4 
T A N K  P IP ING DETAILS - SUCTION SYSTEM - 

kOV€RFILL PREVENTION 
FLOAT VENT VALVE 

EXIST. S O I L  SAND OR QRAVEL A 

G A S O L I N E  

P I P I N G  D E T A I L S  FOR T A N K S  -UUPlDBR CONCRETE 

&PEA GRAVEL FOR NON- * MOTE' ELIUINATE CONC SLAB IW NOH- 
M E T A L L I C  T A N K S  (04 T 3 W F I C  d R E A S '  8 CORSTRLICT 
MFR. APFROYED ALTERNATE) - CWC. PADS (ONLY) AROUND HAN-  

HOLES T H E  E X T R  ANQLE CUECX 

COVER. 
RISER'IS noi REO'D. w/ EARTH 

F I G U R E  3- b 
TANK P I T I N G  D E T A I L S  SUBMERGED SYSTEM 

\ 
UANIFOLD ASSY. 

MANHOLE. 

VENT L INE Td APPROPRIATE 
LOCATION (S- TO T A H I O  \ /,F~LLCAP . 

OVERFILL  PREVENTION 
FLOAT VENT VALVE. - SA?Q OR GRAVEL a 

- J 12'' 

P I P I N G  D E T a I L S  FOR T A N K S  - UNDER COHCRETE - 
NOTE:  E L l h l l H d T E  COHC. SLA5  I N  M W -  a PEA G R A V E L  FOR N O N - .  NO S C A L E  

TRAFFIC AREAS B CDNSTRUCT, METALLIC TANKS ( O R  
HFR. APPROVE0 ALTERNATE) cOHC. PADS (OPILY) AROUND M.H. 9.  
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All f i t t i ngs  or accessways which extend t h r o u g h  pav.ement openings must 
be raised a t  l eas t  two  (2) inches above grade (the pavement surface) ,  and 
the pavement must slope upward t o  the edge of t h i s  opening, as shown i n  Fig- 
ures 3-4 and 3-5. 

0 

This  prevents t h e  drainage of  precipitation into the' tank. 
~ - o r  tank excavation. 

- _. I n  many instances, there are cavi t ies  under pavement openings for 
functions such as pump access or imbiber bead pockets. The walls of these 
cavi t ies  are  typically composed of materials such as square metal framing, 
clay t i l e s ,  or a section of culvert  pipe. In  any such si tuat ion,  the cavity 

- wall must never touch the underground storage tank. A minimum gap o f  three 
(3)  inches must be maintained between the tank and the bottom o f  the cavity 
wall t o  prevent abrasion o f  the tank o r  coatings. (See Figures 3-4 and 3-5 

. for i l l u s t r a t ions . )  
- 

0 
H. Cover and Pavement- 

The f i n a l  step of construction i s  t o  place - a compacted backfill cO\iei-, 
a 10 mi7 (minimum thickness) polyethylene water. har r ie r ,  and a Concrete o r  

The cover material should b e  the same material 
as tha t  used for backf i l l i ng  and must be placed a t  a depth as prescribed in 

. ' . '  asphalt s lab over the tank. 

1 Table 3-3. 

The concrete or  asphalt slab thickness is  a l s o  specifZed i n  Tab7.e 3-3. 
,The slab and polyethylene underlayment are recommended even i f  t r a f f i c  loads 
are no t  anticipated. They provide a factor  o f  safety against tank f lota-  
t ion- ,  prevent water from. entering the excavation, and safeguard against 
vehicle and- eiuipment t r a f f i c  which may accidentally pass o v e r  the instal la-  
t i o n .  ( I t  i s  ant ic ipated that some time i n  the 25 year l i fe t ime of a stor- 
age f a c i l i t y ,  t r a f f i c  will  pass over the install-ation.)  , 

0 
I. Testi'nq and Inspection 

Since damage can occur a t  any stage of construction, i t  i s  desirable t o  
make an inspection and perform a tightness t e s t  i f  the t a n k  i s  dropped o r  
accidentally damaged. This way the damage can be repaired before expensive 
additional work is completed. As ~ a m i n i m u m ,  a- t ightness  t e s t  andinspection 
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should be performed before instal'lation as discussed e a r l i e r ,  and again 
ei ther  a f t e r  instal la t ion b u t  prior t o  backfilling, o r  a t  the conclusion of 
construction ( a f t e r  paving and a l l  pipes and pumps have been instal led) .  

1. Tightness Tests - 

- I f  the t e s t  is conducted prior t o  backfill.ing, the usual method i s  t o  
soap a l l  f i t t i n g s ,  seams and dents and inspect for b u b b l i n g  when the tank is 
pressurized t o  5 psi. Large fiberglass tanks (over 25,000 gallons capacity) 
should be pressured t o  3 p s i .  Air gauges should be monitored for  30 minutes 
t o  observe pressure losses. Tank manways and the end caps of fiberglass 
tanks shou ld  n o t  be approached while under pressure. 

If the t e s t  i s  conducted a f t e r  instal la t ion and product has no t  been 
p u t  i n  the tank, the t a n k  may be pressurized w i t h  a i r  as above and monitored 
for pressure loss. T h i s  is the only time tha t  the tank may be safely a i r  
pressure tested. 

. 
,Double-walled tanks can be readiTy checked for tightness by monitoring 

the annular space between the inner and.outer wall by vacuum or pressure. 

2. Inspection 

Measuring the inside dimensions of the tank for  roundness i s  recom- 
mended for  checking on the  quality of the- ins ta l la t ion.  Measurements can be 
done by. entering the tank i f  a manhole exis ts  o r  by measuring tank diameter 
a t  the f i l l  tube pr ior  t o  and a f t e r  backfilling. If the tank is entered, 
Federal OSHA safety codes should be s t r i c t l y  followed. -_  

If a manhole does not ex is t  in the tank, the diameter can be checked a t  
the f i l l  tube r i se r .  Making a tank diameter measurement a t  the r i s e r  is n o t  
a problem as long as the drop tube i s  not i n  place. All tha t  i s  necessary 
t o  measure the distance from the tank bot tom t o  t o p  of r i s e r  w i t h  a dipstick 
and then measure the distance from t o p  o f  tank t o  t o p  of r i s e r  by dr iv ing  a 
nail i n  the dipstick, catching t h e  nail underneath the l i p  of the r i s e r  
f i t t i n g  and reading the measurement difference on the dipstick. 

r -  
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Measurements of  tank roundness are particularly important on fiberglass 
tanks, which depend on the surrounding soi l  for  structural  s u p p o r t .  Exces- 
sive deflection indicates residual s t ress  on the tank which may cause crack- 
ing o r  may cause the suction l ine  t o  penetrate the bot tom o f  the tank. If 
deflections exceed the values shown i n  the following chart the tank manufac- 
turer  should be contacted before proceeding further w i t h  the installation. 

a 

I 

L 

Tank Diameter Maximum Oeflection 

6' 5/81' 

10' 1 ijz1I 
8' 1 1/4" 

l z l  1 1/21' ' 
f l  . 

. .  

Fiberglass tank manufacturers wi1,I not warr,ant a tank against f a i lu re  
unless these c r i t e r i a  and other manufacturer's installation requirements are 

- followed. 

3.  Instal la t ian of  Piping.Systems 

Proper instal la t ion o f  piping system components is as important a5 
proper installati 'on of the storage tank.'. Fo r  wample, i n  the API Leak 
Survey [TI, ful ly  1/3 of a l l  leaks detected from underground storage f ac i l i -  
t i e s  were i n  the piping systems. Adherence- t o  proper material selection and 
installation procedures could have prevented most o f  those leaks. 

1. General Considerations 
.. 

Regardless of the type of p i p e  selected f o r  a p a r t k u l a r  application, 
-*  there a re  a large number of  considerations which are common t o  any piping. 

system. installation. These include the design c r i t e r i a  presented i n  Sec- 
t i o n  B and Table 3-1- of this chapter. Other considerations which apply 
specifically t o  piping include the following: - 0 

.. .. .. . 
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- Piping should be located i n  a single trench. Th i s  will f ac i l i t a t e  
access t o  the pipe i n  case of a problem, and concentrate the 
p i p i n g  so  that  future excavation a t  the s i t e  can be done- safely. 

0 

- Piping should be sloped a minimum of 1/8 inch per f o o t  toward the 
tank so  that  l ines  can be drained, and so there i s  no accumulation 
and blockage of product vent l ines.  

Vent piping should extend a t  l eas t  12 feet  ver t ical ly  aboveground 

use of rain caps is endorsed. 

~ 

,- - 
and be a minimum of 2 feet  higher than adjacent buildings. The -. 

I 

Figure 3-6 presents recommended minimum clearance dimensions for back- 
1 -  f i l l  ed pi p i n g  trenches. 
I 

2. Galvanized Steel Pipe Instal la t ion 

Galvanized steel  pipe has become an industry standard because of i t s  
low cost. Ins ta l le rs  are intimately familiar w i t h  ins ta l la t ion techniques 
and generally are  quite proficient. :The Department recommends that  good 
p i p i n g  ins ta l la t ion  practices,  such as those found i n  API  Bulletin 1615 [Z], 
be foll  owed. Such recommended procedures, include the f o l l  owing: 

- P i  i n  Location. Piping -should be located so that  ' i t  does no t  I ' 

h e r g r o u n d  tanks. Further, instal led pipes should n o t  
pass close t o  water lines. This practice will reduce the possi- 
b i l i t y  of  conducting s tmy  electr ical  currents t o  the tank. 

- The Use of Swinq Joints.  Double swing joints  should  be used a t  
a1 1 chanaes o f  direction. and a t  the end of each l ine.  These 
j o i n t s  h<lp reduce s t resses  that  can loosen o r  crack pipes. 
Stresses can ar ise  from settlement, temperature change, and mis- 
a1 ignment. 

- P i  e F i t t i n  s. Pipes should be joined using standard 150 l b .  

from damage and d i r t .  Thread lubricant (pipe dope) which  i s  
compatible w i t h  the product t o  be stored should be used. 

w n  f i t t ings .  Care should be taken t o  protect  threads ?-  

a- - Corrosion Protection. Cathodic protection is usually achieved 
through the use of either:  

a) a sacr i f ic ia l  anode system which creates a galvanic cell  
conducting a protective electr ical  current towards the p i p -  
ing; o r  

b) an impressed current system which sends a current supplied by 
the electr ical  u t i l i t i e s  th rough  a non-sacrificial anode t o  
the tank. 

I 
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Further information on cathodic protection can be found i n  the 
Department document Techno1 ogy f o r  the Storage of  Hazardous L i -  
quids, A State-of-the-Art Review L t i j .  Both types of systems 
s h o u l d  be professionally designed, b u t  i n  ei ther> case, the pipes 
should be coated against corrosion i n  addition t o  being galva- 
nized. When t h s  p i p i n g  has been lead tested and proven t i g h t ,  a l l  

- joints  must be coated and wrapped. 

- 3. Fiberglass-Reinforced Plastic '  (FRP) Pipe Installation 
z 

The corrosion -resis tant  'proparties of  FRP pipe .are similar t o  those of 
However,. there  are some .important points t o  be made regarding FRP tanks. 

ins t a l l  ation. 

Pipefit t ing.  FRP p ipe  is  normal1 joined w i t h  adhesive, b u t  other 
methods are available, including threa & adhesive and mechanical joints.  The 
manufacturers' ins ta l la t ion manuals provide the most detailed advice on 
joining methods. Important points t o  be remembered include the following: 

- Both the pipe i t s e l f  and particularly the ends must be protected 
from d i r t  and damage until  j o i n t  make-up. 

All j o i n t  surfaces must bemeticulously cleaned. 
I 

- 

Joint  curing temperatures are c r i t i ca l .  
A .temperature of a t  l eas t  S O O F  must be  main- 
tained for the f u l l  cure time. If there is 
any 1 i kel i hood tha t  this temperature w i  1 'I not 
be maintained, auxiliary heat should be used. 

Thermal Expansion. FRP pipe i s  inherently f lex ib le  and does not re- 

directional changes. Otherwise, swing jo in ts  must b e  used. Where long 

The s ize  of the expansion loop is  a func t ion  of the length o f  the run. 

quire swing jo in ts  i f  a t  l eas t  4 f ee t  o f  s t ra ight  r u n  is provided between 

s t r a i g h t  runs encounter fixed end constraints, expansion loops may be  used. 

- 

I' 

Inspection. I t  i s  recommended that o n e  person be responsible for 
piping inspection. Evidence of damage includes localized color differences 
called "star crazes". Potential jo in t  fa i lures  can be identified by the 
following: 
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- Joint Back-out. During assembly o f  a bell and spigot j o in t ,  a 
bead of adhesive i s  normally found a t  the edge o f  the bell .  I f  
the j o i n t  backs o u t  before the adhesive i s  s e t  u p ,  the bead w i l l  
no longer be next t o  the bell.  

0 
- Cocked Joint. If a jo in t  i s  misaligned, or "cocked", there will 

usually be a gap between the bell and sp igo t  on one side. The 
opposite side will typically have no gap. 

- Improperly Cured Joint. If the adhesive bead is so f t  and f lex ib le  _. when checked with a knife a f te r  the cure cycle, the adhesive i s  
faulty. 

4. Stainless Steel Pipe 

The common perceptio'n o f  stainless  steel. pipe i s  tha t  i t  i s  .astronomic- 
a l ly  expensive. In f ac t ,  the instal led cost is  approximately double tha t  o f  
ordinary galvani.zed steel.. The Department fee ls  tha t  this  cost  can .be 
jus t i f ied  i n .  l igh t  o f  the increased corrosion resistance. and Jonge-r l i f e -  
span, particularly i n  sensit ive enviroiyental areas. 

. .  ,. Stainless pipe has the important advantage o f  being able t o  be ins ta l -  
led w i t h o u t  wrapping, coating., or anodes. ., 

- 
... . 

The Uepartment' recommends , the  use o f '  Schedule 10, Type 304 s ta in less  
s teel  'where . j o i n t s  are t o  be 'hel.ded, and Schedule 40, Type 304 stain.less. 
steel  where j o i n t s  are t o  be screwed;.. The backfill and general requirements 
are the same as for other pipe materi.als. 

,.I 

- 

5. Testing 

Air pressure tes t ing of piping i s  recommended only_ for  low pressure 
service, such as f i l l i n g  stations.  The recommended procedure is as follows: .. 

> - 
- Soap a l l  joints .  

- Gradually pressurize t o  150% of working pressure or a t  l ea s t  
50 psi. The gauge used should have a fu l l  scale reading of  no 
more than twice the t e s t  pressure (e.g., i f  the  t e s t  pressure is  
50 p s i ,  the gauge s h o u l d  be no more than 100 p s i  fu l l  scale). 

Isolate the p ip ing  system at both  ends. 

0 
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- Inspec-t for bubble formation; monitor for pressure drop for  an 
hour .  

- No tightening or repairs should be attempted while the system i s  
pressurized. 

Wrap or coat j o in t s  i n  preparation for backfilling,operations. - - . 
... 



._ 
3-29 

R E F E R E N C E S  

1. 

2. 

3. 

-4. 

< 

5. 

6. 

7. 

Powers, J.P. Construction Dewatering, A Guide t o  Theory and Prac t ice  
Wiley-Interscience Oivision, John Wiley and Sons, Inc., 605 Third 
Avenue, New York, N Y ,  Copyright (c)  1981. 

American Petroleum I n s t i t u t e ,  I n s t a l l a t i o n  o f  Underground Petroleum 
Storaqe Systems, API Publication 1.615, American Petroleum I n s t i t u t e  
2101 L S t r e e t ,  N.W. Washington, OC 20037, November, 1979. 

S tee l  Tank Institute, Spec i f i ca t ion  for sti-p, System of Corrosion Pro- 
t e c t i o n  of Underground Stee l  Storaqe Tanks, S tee l  Tank I n s t i t u t e ,  666 
Oundee Road, Suite 705, Northbrook,  L l l inofs  60062, May 15 ,  1980. 

Owens-Corning Fiberg las ,  Owens-Corning Fiberglas  Underground Tank In- 
s t a l l a t i o n  Techniques M a n u a l  , wens- o rn ing  
F ibe rg la s  Corporation, Non-Corrosive Products D i v i s i o n ,  Fiberglas  
Tower, To7ed0, Ohia 43659, May, 1981. 

Xerxes F iberg lass ,  Inc. ,  Century Fiberqlass  Tanks I n s t a l l a t i o n  Ins t ruc-  
t i o n s ,  Publ icat ion No. CT 4-80-01; Xerxes t i b e r g l a s s ,  Inc., 34250 Mii'ls 
Roatf; Avon, Ohio 44011. 

New York S t a t e  Department of  Environmental Conservation, Technoio 

Water Resources. Division o f  Water. New York S t a t e  Deoartment o f  Envi- 
the Storaqe o f  Hazardous .Liquids ,  A State-of-the-Art-Review, -7P- ureau of 

ronmental Conservation, 50 Wolf Road, Albany, New York 12233, January 

American Petroleum I n s t i t u t e ,  Underground Leak Survey r e s u l t s  as  re- 
ported by F.B. Killmar t o  A P I  Underground Leak Task Force, American 
Petroleum Institute, 2101 L S t r e e t ,  Northwest, Washington, D.C. 20037, 
February 5 ,  1981. 

' 1983. 

8. Ciba-Geigy Pipe Systems, Inc., Piping Spec i f i ca t ions  and I n s t a l l a t i o n  
P rac t i ces ,  Ciba-Geigy, Inc., 11999 Katy kreeway, Houston, TX 7/079. 

9. A.O. Smith-Inland, Inc. , Genera7 I n s t a l l a t i o n  Instructions, Manual 
No. 9474, A.O. Smith-Inland, Inc. ,  Reinforced P l a s t i c s  Oiv . ,  825 Lehigh 
Avenue, P.O. Box 193, Union, NJ 07083. 



e 

., 

CHAPTER 4 

SECONDARY CONTAIMMENT SYSTEMS 

All new underground storage systems should 
include a secondary containment s t ructure  
which co l lec ts  and contains a sp i l l  or leak, 
and should include provisions f o r  removing 
spi l led o r  leaked material from the excava- 
t i o n .  

A. Introduction 

Underground s p i l l  or leak cpntainment systems represent an important 
l i n e  of defense f o r  protecting groundwater quality. They can also ac t  t o  
enhance t h e  effectiveness o f  leak detection systems i n  t a n k  excavations by 
concentrating the contaminant and channeling i t  t o  a monitoring sensor, and 
by confining a leak o r  s p i l l  unti l  removal of the l i q u i d  i s  possible. 

' 

.' 

.. 

. Containment systems work by estahlishing a barr ier  around the storage 
tank(s) so t h a t  leaked l i q u i d  does not have a f r e e  path t o  escape from the 
storage excavation. The Department recommends that t h i s  be accomplished 
th rough  the use o f  one o f  the  following: (1) double-walled tanks; (2) tank 
vaults;  (3)  cutoff barriers o r  containment l i ne r s ;  o r  (4) s i t e s  w i t h  highly 
impervious soi ls .  

A secondary containment system would be inadequate w i t h o u t  provisions 
f o r  monitoring the containment area and removing leaked o r  sp i l led  product. 
Recommended practices f o r  monitoring and removal a re  addressed i n  Chapter 7 
of th i s  manual. 

The selection -__--------_II_- of the best containment system I _____  for a q a r t i c u l a r  storage - - _. - 
- appl i ca t i  on i s  I - dependent __ _- - upon -- several factors, i ncl udi nq the fol  1 o w i a ~  

- The type and quantity of material stored. 
- . The level o f  environmental protection needed. 
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- Groundwater levels.  
. - Soil conditions, especially soi l  permeability. 0 '  
- 

F o r  more information on secondary containment o p t i o n s ,  r e fe r  t o  the Depart- 
ment manual en t i t l ed  Technology for The Storaqe o f  Hazardous L i q u i d s , '  - A 

State-of-the-Art Review [I]. 

The remainder 0.f this chapter presents Department recommendations for  
the design and in s t a l l a t ion  o f  secondary containment systems u s i n g  douhle- 
walled tanks, vaults,  c u t o f i  barr jers ,  and containment 1 i ners, and i n  areas 
w i t h  naturally-occurring impervious so i l s .  

d 

8. Double-Walled Tanks 

- 
Double-walled tanks incorporate a l l  o f  the fundamental requirements fo r  

leak prevention, including a secure storage vessel, secondary containment 
@via  the outer wall, and monitoring of  the intersti t ia? space t o  check on the 

integri ty  o f  both the inner and outer walls. Such tanks, when b u i l t  i n  
accordance w i t h  the recommended practices f o r  double-wal led t a n k  construc- 
t i o n  discussed i n  Chapter 1, p r o v i d e  no t  only an e f f i c i en t  means o f  achiev- 
i n g  secondary containment, b u t  also a h i g h  degree o f  overall environmental 
protection. 

C.  Vaults - 
A vault i s  a secondary enclosure which  houses the storage tank, con- 

tains any leaks 
-&?-kmbfrom corrosive so i l s .  They may c o n t a i n  one, o r  more than a dozen 
storage tanks. Some vaults have an open i n t e r io r  so t ha t  tanks can b e  
entered through a manhole and physically inspected and repaired, while 
others are f i l l e d  w i t h  a bedding of sand OP o t h e r  acceptable backfil l  mate- 
r i a l  which provides structural  suppor t  fo r  the tank. 

, from the t ank ,  and provides protection &+.. . L  

L 

I n  the case of open vaults,  a t  l e a s t  24 inches o f  clearance shoul-dbe 
l e f t  betye-en the tanks and the vault  walls t o  permit - access for  inspec t ion .  
Tanks should be  supported on cradles and properly anchored, w i t h  padding 
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betiween ithe cradle and t h e  tank. The cradling must be consistent with 
. acceptable engineering practices.  

I f  the storage tank i s  bedded i n  f i l l  material, the bedding must con- 
s i s t  of a t  leas t  12  inches of compacted backf i l l ,  and there must  be a t  l e a s t  
24 inches of clearance between the tank and . the.vault .sidewalls t o  allow f o r  
proper compaction o f  the  backfil l  material. . .  

?. 

I 
Reinforced concrete i s  the most common cons t ruc t ion  material used. for  . . .  

vaults. If-concrete i s  used,-th_e_-reinforcing bars (rebars) shouTd be epoxy. 
I_-I_----. coated t o  r e s i s t  corrosion. .--- 

-I_ .- 

Concrete vaul.ts should be cont inuous structures which a re  impervious t o  
water and the stored product. The best construction method is  t o  pour  the 
walls and ' f loor  continuously. The 
f loor  of the vaul t  s h o u l d  b e  constructed.wi.th. a slope ( typical ly  greater 
than .or equal t o  ,1/8 i n c h  per f o o t )  which channels 'any leaked o r  sp i l led  

The vault cover can be added afterwards. 
. .  

0 product t o  collection trenches and a sump. . 
- . -  

. :. ': The collection sump i n  a vaultrmust be equipped . w i t h  a leak detection 
sensor and . a  recovery pump t o  remove acculnu'lated l iquid.  The p ipe  t o  the 
recovery pump s h o u l d  be a t  l e a s t  4 inches i n  diameter. The leak detection 
system ins t a l l ed  i n  the vault  must meet Department recommendations f a r  such 
systems as presented i n  Chapter 7 of t h i s  manual. 

. . 
- 

~ 

Concrete used alone does n o t  provide an effect ive l iqu id  barrier; leaks 
through .concrete can occur . i n  the vapor phas,e a f t e r  only limited expasure 
times. Therefore, . i . t  is important t o  have a c o n t i n u o u s  structu're w i t h  ' 

walls o f  the concrete vault  must  be covered w i t h  an internal chemical- 
res i s tan t  coating t o  prevent l i q u i d s  and vapors from entering o r  leaving the 
vault. 

i chemical+resistant . water s t o p s  .where j0int.s are  necessary. In ___c__~..--II addition the -I.. - 
-_-- . -.-.I_- I____ 

~. ---- _I-...- - - ---I -.. 

- 
Vaults should contain no drain connections o r  other entries except. top 

entry manholes and other t o p  openings for  f i l l i n g  and emptying the storage.. 
tank, monitoring o r  inspecting the vault  i n t e r io r ,  and recovering any leaked 

0 .  

.. . . 
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o r  spi l led p roduc t  which has collected i n  the vault. These openings a l l  
' 0  require waterproof seal s. 

The structural  design of an underground vault will depend on the s ize  
of t h e  vault ,  the amount and type of overhead vehicular t r a f f i c ,  and founda- 
t ion conditiofls. They should be designed i n  accordance w i t h  acceptable. 
engineering practices. . 

- - 

Figure 4-1 shows a diagram o f  a typical secondary containment vault. 
Such vaults a r e  occasionally used for  petroleum storage b u t  more commonly 
used i n  extremely sensit ive environmental areas where t o x i c  materials are 
being stored. 

Vaults a re  generally unsuitable i n  areas of h igh  groundwater. I f  a 
vault is  instal led i n  such an area, there i s  a strong likelihood tha t  long- 
term deterioratidn o r  chemical decay of the vault materials will lead to the 
'eventual flooding of t h e  inner chamber,. resulting i n  the additional expense 
o f  c o n t i n u o u s  dewatering of the vault. 

0. 

- 
- 

0 

C u t o f f  Barriers And Containment Liners 

Cutoff barriers and containment l iners (which inc lude  excavation l i n -  
- ers ,  trough l iners  and containment bags) function by providing ' re la t ively 

impermeable surfaces which  prevent the flow o f  leaked o r  . spi l led product 
away from the excavation. These types of  systems are typl'cally . installed in 
o r  around t h e  tank excavation p r i o r  t o  tank installation and backfilling. 
The choice o f  a containment scenario depends upon w h e t h e r  'the storage i n -  
s ta l la t ion  is  i n  an area of h i g h  o r  l o w  groundwater. The selection of a 
containment material is dependent upon several factors which a re  discussed ~ 

i n  detail  l a t e r  i n  t h i s  section. 

1. Cutoff Barriers 

- 

A 

.. 

I n  situations where t h e  stored product i s  l i gh te r  than (floats on)  
water, and is not soluble o r  miscible i n  water, and. the known low level o f  
t h e  groundwater table i s  above the bottom of the storage excavation, cutoff 

0 
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barriers may be  used f o r  secondary containment. I n  t h i s  type of system, t h e  
groundwater actually acts as the bot tom o f  the containment. The cutoff 
barrier prevents lateral  movement of the product out of t h e  containment 
area. This concentrates the sp i l l  o r  ’leak and greatly enhances detectabil- 
i . tY .  The  c u t o f f  barr ier  should encompass. the en t i re  perimeter (side walls) 
of the excavation and should extend ,five fee t  above the’ high’groundwater - ...------.----- ).- _I -._- ”_ x_I______x_ .--,-.-. -_- I---”------ 
level 

whichever is lower. T h i s  level o r  t o  the  
cutoff barr ier  must  b e  impervious t o  and chemically compatible w i t h  ( i - e . ,  
res i s tan t  t o )  the stored productTand be- any holes, cracks, t ears ,  ’ 

punctures, or  other ‘means by which leaked product .could CLa_l_DC_ escape e from the 
site. Figure .4-2 shows a diagram of a cutoff barrier used i n  a h i g h  ground- 
water area. 

0 

---I.I-.-.__ -l-.....l_.- I 

( o r  t o  t h e  t o p  of excavation) f e e t  below t h e  low groundwater - S-h-f=+PP+-qkfe 1. --- - 
.-.... -. - ,. I 

I_--..”.+I11_uIIwIcx_cITI-~--7~~ .. ,A. 

_ll__.-.---- -__._. . -,.A+.*- -.- 
I ”.. . -,---- U I _ n p  ---- I-. 

Cutoff barriers are typically constructed o f  s o i l  cement, bentonite, o r  
a soil/bentonite slurry. However, i t  -is possible t o  construct barriers of 
synthetic membranes o r  clays. These materials a r e  discussectin Section F o f  
t h i s  chapter. 

2. Excavation Liners .. . 

Continuous containment l iners ,  o r  excavation liners, ark suitable for 
secondary containment in areas o f  e i t h i r  low o r  high groundwater. T h i s  type 
of l i ne r  i s  instal led along the perimeter. (sidewalls), and bottom of t he  
excavation before the t a n k  foundation and. tank are , installed and backfilling 

any product which i s  spil led o r  leaked a t  t h e .  site. T h e  l iner-  m u s t  be  
impervious t o  and chemically. campatible w i t h  both water and t h e  s tored 
product, and i t  must be’ f ree  af any holes, cracks,. tears ,  punctures, o r  
other means by which  leaked product  could escape f rom the.site. The bottom 
o f  t h e  excavation must be sloped w i t h  a minimum slope o f  2 inch per linear 
foot t o  a dry well o r  collection sump where any water o r  leaked product will 
drain t o  f a c i l i t a t e  detection and allow for periodic removal’. 

.’ 

- is  in i t ia ted ;  the intention of t h e  l i n e r  i s  t o  catch and permit recovery of 

- 
-_1_ 

__ll_l_̂ -l- -- .. .. -_ .-I*,__I-_ ----.-- I--. 

-...y__P_*l---”-_*. -..._cI- .-.-_I-,.- -- 
0 I n  addition, the .excavation m u s t  have a waterhght >cover which  extends 

a t  l e a s t  one (1) foot beyond each side and end o f  the excavation. This 

h 

. .  
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cover can be constructed .of asphalt ,  reinforced concrete, o r  a similar 
@ material which provides the required protectjon from t r a f f i c ,  and should be. 

sloped t o  drainways leading away from the storage excavation. The o n l y  
openings i n  t h i s  cover should be those openings required fo r  access t o  t h e  
tanks and any leak d e t e c t i o n  equipment, and these openings shall  be provided 
w i t h  w a t e r t i g h t  caps. 7 

I f  an excavation l i n e r  i s  t o  be ins ta l led  i’n an area of high ground- ~ 

- 

water, t h a t  area must  b e  dewatered until  t h e  liner, the storage tank and 
piping, and the backfil l  have been instal led.  I n  such an ins ta l la t ion ,  the 
excavation backfil l  will  apply pressure from i ts  we.ightwhich will  more than 
offset  .the pressure o r  buoyant. force exel-ted by groundwater once  dewatering 
has been terminated. I n  short ,  t h e  w e i g h t  of the backfil l  helps ensure. the 
integri ty  of t h e  excavation l iner .  

* 

A properly designed and in s t a l l ed .  excavation 1i.ner should enable.. the 
operator t o  moni.tor the en t i r e  tank battery.  from one-monitoring well. The 

0 drawback o f  t h i . s  system i s - t h a t  i t  i acr i f ices  the ab+li ty  t o  distinguish 
exactly which tank i s  leaking i n  a multi-tank storage: f a c i l i t y  because. the 
en t i re  excavation drains .to a common sump. . _ _  . -  

. .  . . .. 
. .  

Excavation l ine r s  can be. constructed o f ,  synthetic’membranes, bentonite, 
clay,  o r  so i l  cement. The selection o f  the approprtate ,material depends 
upon t h e  chemical character is t ics  o f  t h e  ‘stored product and t h e  si.te-speci- 
f i c  economics o f  these various. materials. The  characteri’s’tics of these 
stora&materials are described i n  Section F of t h i s  chapter. 

- 

. .  
Figure 4-3 shows a diagram of secondary containment using a n  excavation 

l i n e r  i n  an area.of l o w  groundwater. ’. * 

3. Trouqh Liners 

I n  areas where t h e  high groundwater level is below t h e  bottom of t h e  

shown i n  F i g u r e  4-4. The trough l i n e r  may b e  used w i t h  a s ingle  monitoring 
and recovery well a t  t h e  sump hole of each trough, or  w i t h  a U-tube leak 
detection system i n  each trough. 

0 tank, a sloped, trough shaped l i n e r  can b e  ins ta l led  under each tank as . 



1 .  

In addi t ion ,  the excavation' must have a water t igh t  cover which extends 
a t  l e a s t  one ( 1 )  f o o t  beyond each s ide  and end of t h e  excavation. 
cover can be a spha l t ,  reinforced'  concrete ,  o r  other  mater ia l  which is sloped 
t o  drainways leading away from t h e  s torage  excavation. 
i n  this cover should be those openings regquired f o r  access  t o  t h e  tanks and 
any leak de tec t ion  equipment; and these openings s h a l l  be provided w i t h  
water t igh t  caps. 

T h i s  

The only openings 

.- 
c 

The excavation liner enables t h e  operator  t o  monitor the e n t i r e  tank 
ba t t e ry  from one monitoring wall .  The drawback of  t h i s  system i s  t h a t  i t  
s a c r i f i c e s  t h e  a b i l i t y  t o  d i s t i n g u i s h  exac t ly  which tank is  leaking since 
a l l  of  the  tanks drain t o  a common sump. 

- 

Figure 4-3 shows a diagram of secondary containment u s i n g  an excavation , 
l i n e r  i n  an a rea  of  low groundwater. 

3. Trough Liners 
I n  a reas  where groundwater i s  below the  bottom of  the tank,  a sloped, 

trough shaped liner can be i n s t a l l e d  under each tank a s  shown i n  Figure 4-4. 
The trough l iner may be used w i t h  a s i n g l e  monitoring and recovery well a t  
the sump hole or  w i t h  a U-tube leak de tec t ion  system. 

I 

The design and i n s t a l l a t i o n  c r i t e r i a  (s lope of l i n e r ,  requirements f o r  
water t igh t  cover, need f o r  per iodical  removal of sumpage, e t c . )  a r e  same as 
discussed above f o r  excavation l i n e r .  

T h i s  system is s imi l a r  t o  t h e  excavation l i n e r  system except t h a t  each 
tank has i t s  own trough and monitoring well and therefore  can be checked 
separa te ly  f o r  leakage ... 

" 

4. Bag.Containment 
Tank bags a s  shown i n  Figure 4-5, can b e  used i n  any groundwater s i t u a t i o n .  

The tube shaped bags a r e  loosely f i t t e d  over t h e  tank and sea l ed  a t  the end and 
where tank appurtenances and mon@ng probe a r e  a t tached.  The bag will not be 
completely waterproof,  b u t  should the e n t i r e  bag . f i l l  w i t h  water,  there wjll  be 
l i t t l e  buoyant forced involved. 

w:; - .  i , 

e 
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The design and i n s t a l l a t i o n  c r i t e r i a  f o r  a trough liner (e.g., t h e  
s lope  o f  t h e  l iner ,  requirements f o r  w a t e r t i g h t  covers o v e r  openings i n  the 
s t o r a g e  a r e a ,  the need f o r  p e r i o d i c 8  removal of sumpage, e t c . )  a 
a s  t hose  p re sen ted  above f o r  excavation liners. T h i s  t y p e  of 
system i s  similar t o  t h e  excavation liner system wi th  the except ion  t h a t  
each t a n k  has its own trough and monitoring we'll. I n  such an arrangement,  
t h e  sou rce  of a l eak  i n  a mult i - tank s t o r a g e  f a c i l i t y  can b e  more' r e a d i l y  

?- i d e n t i f i e d .  

~ 

I n  a s t o r a g e  system w i t h  trough l i n e r s ,  care must be  taken t o  ensure 
t h a t  t h e  f l o o r  of t h e  mult i - tank s t o r a g e  faci l i ty  presents a cont inuous 
b a r r i e r  t o  t h e  loss  of s t o r e d  product. I n  essence, t h i s  t y p e  of system 7s 
an excavat ion 1 iner w i t h  i nd iv idua l  t roughs and monitor ing and recovery 
wells f o r  each s t o r a g e  t ank .  

E. S i t e s  W i t h  Impervious Soils 

If t h e  nat ive soi ls  of a p a r t i c u l a r  s i t e  have very l.ow permeab.ility they can '  
form a natural  b a r r i e r  t o  t h e  migration of leaked petroleum products.; and be used a s  
a containment mater ia l .  
geological inves t iga t ions  show t h a t  s o i l s - a r e  impermeable and areawide . in  ex t en t ,  and 
there  a r e  no outcroppings of bedrock o r  o ther  condu.its for .the escape of leaked pro- 
duct,  no addi t ional  containment l i n ing  is required.  .Possible except ions - t o . t h i s  
include t h e  s torage of highly t o x i c  material and/or s torage i n  environmentally 
sens i t i ve  a reas .  

Therefore, if  i n - s i t e  f i e l d  permeabili ty tests and o the r  0 

Permeability Guidelines 
1) 0.035 inchlday (1X10b6 cm/sec) f o r  f a c i l i t i e s  loca ted  w i t h i n  recharge areas, 

2 )  0.35. inchlday (lX10-5 cm/sec) fo r  f a c i l i t i e s  located elsewhere i n  the. s t a t e .  
designated "sol e source aqui fe rs"  . 

\nJ;& 
Because any excavation will tend  t o  f i l l  w h  water dur ing  

-, c e r t a i n  cons t ruc t ion  s t e p s  a r e  necessary i n  a s t o r a g e  fac i l i ty  i n  
soils o f  t h i s  type. These include: (1) the i n s t a l ' l a t i o n  of  a w a t e r t i g h t  
cover  over t h e  tanks  f o r  d ra in ing  s u r f a c e  water away from the excavat ion;  
and ( 2 )  t h e  i n s t z l l a t i o n  o f  a well w h i c h  will serve a s  both a monitor ing 
well and recovery well .  F igu re  4-5 shows t h e  cons t ruc t ion  details for a 
typical i n s t a l l a t i o n  i n  impermeable s o i l s .  

*4 
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F. Liner Naterial and Installation Practices 

The materials which are satisfactory for  t h e  construction ,of cu to f f  
barriers o r  containment l iners  include the following: 

- Clay. 
- Synthetic membrane l iners.  
- Concrete. 
- Soil sealants,  such as soi l  cement or  bentonites. 

?he properties and instal  lat ion requirements of these materials are 
discussed briefly below. More information on these materia1.s i s  available 
i n  the Department manual en t i t l ed  Technoloqy f o r  the Storage of Hazardous 
L i q u i d s ,  A State-of-the-Art Review [l], -Lea ~lcecfehprrih 

1. Clay Liners - 
. .  

- 

Due t o  i t s  general ava i lab i l i ty .>n  many areas and. relatively low cost, 
clay i s  often considered the, f i rs t .  choice f o r  a secondary containment l iner.  
'If the clay has a-permeability rate. of 1 x 10-6cm/sec o r  lower. and i.s i n -  
s ta l led  properly, a clay . .  l fner  will provide .a suitable barrier against 
migration o f  a groundwater contaminant. The factors which influence the 
performance of cl ay '1 i ners i ncl ude the fol  1 ow? ng: 

Compatability w i t h  the stored p roduc t ,  particularly i n  the case o f  
certain organic 1 iquids 

Thickness of t h e  clay. 

The shrink-swell potential o f  t h e  clay. 

The p las t ic i ty  o f  t h e  clay. 

The moisture content, density, and degree o f  compaction of t h e  
clay. 

The angle o f  the excavation sidewalls. 

It should be noted that some organic liquids degrade t h e  mineral s t ruc  
ture of clays and t h u s  ac t  t o  increase the i r  permeability. T h i s  may be t rue 



4-14 

of some petroleum products. I t  i s  therefore important tha t  the selection of 
a clay material for a particular app.1ication be  based upon tests and investi-  
gations by an experienced so i l s  chemist o r  so i l s  engineer. 

Before instal l ing a clay l iner ,  i t  is necessary t o  f i r s t  drain and 
s t ab i l i ze  the excavation. After drainage, the l iner  is then la id  i n  place 
and properly compacted a t  optimum moisture level. The layer of clay should 
be a t  l e a s t  6 inches deep and compacted t o  95% of Standard Proctor. I f  the 
soils engineer recommends a clay l iner  tha t  is  more t h a n  6 inches thick,  i t  
should be applied i n  layers no greater than 6 inches t o  ensure proper com- 
paction. The instal la t ion of clay l iners i s  a complex operatian and re- 
quires t h e  supervision of a f i e ld  engineer and a trained contractor t o  
ensure h i g h  levels o f  quality control. 

- 

2. Synthetic Membranes 

Synthetic membrane l ines  are J . .  polymeric materials which are 
0 manufactured i n  sheet form. Two c r x e  c r i t i ca l  f o r  successful l iner  

applications. The f i r s t  o f  these is chemicar compatibility. The choice of 
1 iner materials which can successfully withstand long-term exposure t o  
petroleum and petroleum derivations i s  1 imited. The second important cr i -  
t e r i a  i s  proper installation. Liners must be instal led so there are no 

.pressure points where the l i ne r  can t ea r  o r  be  punctured. 

As a class,  synthetic membrane l iners  have several advantages and - 
disadvantages. Their advantages include the fiollfiwing: 

- There are  a wide variety o f  l iner  materials, each w i t h  individual 
qual i t ies  f o r  specific applications. 

~ 

d 

- 
- 
- 

They have a good resistance to  bacterial deterioration. 

They are relatively economical t o  install,- 

They can be used i n  many containment designs. 

0 I n  general, t h e  disadvantages o f  synthetic membrane l iners  include the 
following: 

-- 



- They may be vulnerable t o  attack from some chemicals, ozone and 
ul t raviolet  l igh t  (sunlight) when compared t o  other l i n i n g  mate- 
r ia ls .  

They have a limited a b i l i t y  to  withstand heavy loads. 

0 
- 

L .. - They are d i f f i cu l t  t o  properly ins ta l l  and are susceptible t o  
laceratio,n, abrasion, and puncture?. 

, - They are prone t o  cracking a t  low temperatures, and stretching and 
distortion a t  very high temperatures. 

- 
The most suitable l iners  for petroleum storage a re  h i g h  density poly- 

i t h  better chemical 
ethylene, o i l  resis.tant polyvinyl chloride, and neoprene. However, there is . 
much research being done i n  t h i s  area,  and new products 
resistance t o  petroleum and petroleum derivatives a re  

’ 
&a I 

developed, 

The manufacturers o f .  specific syrkhetic membranes- should be consulted 
on material selection and should provide the storage f a c i l i t y  owner w i t h  .- 

w y f i m - a s s u y a n i z  t ha t  the selected material ..---’---. under long-term ---- expos.ure, i s  - 
_I_ comEtible w i t h  _I the  product -._ t o  b e  stored _I- and suitable for  use i n  underground 
Soil environments. 

____l___l -_I_-- - .- _ _  - ~ I- _ _  .- ...___-_ ____-_- l _ _ _  

-_I- _x_-_I_ ---.--______-- 

. . . .  . .  
-_.I- 

.I  

i The proper instal la t ion of a membrane  liner^ is  as important t o  the 
overall ’ success o f  the application as material selection. -- Liner fnstalla-.  
t i o n  is a.re1atively complicated task tha t  should be ---- performed by a --I- quali- 
I fied contractor, 1-111 ’ . w i t h  attention given t o  important de ta i l s  such as t h e  

fol l  owing: 

- The base of t h e  excav&ion should be  compacted t o  prevent se t t l ing  
under t h e  l iner  and tank a f t e r  they are i n  use. 

The slopes of t h e  excavation walls and f loor  should be stable t o  
avoid collapse a f t e r  the liner has been installed.  

’- The base and sidewall areas that will contact the membrane should 
be finely finished. All rocks, rubb’le. and d e b r i s  which could 
puncture the l ining should be  removed. Sand layers should be 
placed above and below t h e  membrans t o  further prevent punctures 
and t o  f a c i l i t a t e  underdrainage. 

- 
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- The l iner  should be carefully placed and seamed (bonded) i n  accor- 
dance w i t h  manufacturers’ specifications. 

- Considerations During Synthetic Liner Placement 

Use a qualified instal la t ion contractor 
having experience w i t h  membrane l iner  installa- 
t ion,  preferably t h e  generic type o f  l iner  be- 
ing installed.  

Plan and implement a quality control pro- 
gram which  will help &sure tha t  the l iner  
meets. specifications. Inspections s h o u l d  be 
documented fo r  review and recordkeeping. 

Installation,.  should be done during’ dry, 
moderately warm weather i f  possible. 

The. excavation base and wall should be 
firm, smooth, and free o f  sharp rocks. or 
debris. 

I .  

3. .Concrete - 
~ 

Concrete, i f  sprayed w i t h  a chemically resistant coating, is suff i -  
ciently impermeable t o  be used as a leak o r  sp i l l  containment material. A 
6 inch slab constructed w i t h  an inexpensive 2500 p s i  concrete mix is  ade- 
quate f o r  t h i s  purpose. 

A concrete pad properly sloped t o  col lect  a leak o r  sp i l l  can serve not 
only as  a containment structure b u t  also as foundation and anchor for  t h e  
tank. 

4. S o i l  SeaTants 

Bentonites a re  excellent soi l  sealants when properly designed and when 
installed under the supervision of an experienced engineer. 

Bentonites are naturally occurring inorganic swelling clays w h i c h  are 
usually chemical treated.. They are marketed under various trade names. 
Mixtures o f  soi l  and chemically treated bentonites may be used to  line 
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I .  

i 

excavations for  underground tanks and contain sp i l l s .  When the bentonite is 
mixed w i t h  a sandy soi l  and saturated w i t h  water, t h e  granular bentonite 
par t ic les  i n  the s o i l  swell t o  f i l l  the voids, thereby forming an imperme- 
ab1 e barrier. 

Before instal l ing a bentonite l iner ,  i t  i s  necessary t o  f i rs t  drain and 
s t ab i l i ze  the excavation. The mixture of s o i l  and hentonite i s  t h e n  used t o  
l ine  the walls and bot tom o f  t h e  excavation. The mixture is typically 
wetted t o  saturation, and compacted using a wobble wheel o r  steel  wheel 
roller.  When preparing the bentonite mixture, the manufacturer's recommen- 
dations should  be followed as t o  the percent o f  the clay and s o i l ,  the 
amouni and quality o f  water used for  wetting, and the degree of compaction 
required. 

Recent research has shown tha t  the impervious qua l i t i es  of bentonites 
may degrade upon expasure t o  certain organic solvents. Therefore it is  
imperative t h a t  an experienced s o i l s  chemist o r  s o i l s  engineer be involved 
during the l iner  material selection process t o  ensure t h a t  product con- 
tainment w i l l  b e  sufficient.  - 

- 
5. Soil Cement 

- 
Soi l  cement i s  a compacted mixture o f  Portland cemsnt, water and se-.. '  

lected in-place soils. The r e su l t  i s  a low strength concrete w i t h  greater 
s t ab i l i t y  than naturai s a i l s .  The permeability o f  t h i s  mixture varies' w i t h  
the type o f  so i l  used -- a more granular .soil pr0duces.a more permeable s o i l  
cement- 

~ 

- Sail cement i s  a sui table  l ining material f o P  underground l iners  ' in  

some instances. However, caution. should. b e  used under the. following con- 
ditions: - 

- Hfghly organic soi l  retards cement hydration because o f  absorption 
o f  calcum ions .  

Clean, well-graded gravels and crushed rock a r e  someti.mes u n s u i t -  
able because of shrinking problems. 

- 
- 0 



4-18 

- Clays can be unsuitable because of the diff icul ty  of mixing a f ine  
cement powder i n t o  a wat, cohesive clay,  and because the clay's 
properties are n o t  significantly changed.. 

Saline so i l s  require a much larger cement content. - 

I n  general, soi l  cements are more permeable, but less  expensive, than . 
bentonites, clays o r  synthetic membranes. 

Highliqhts o f  Soil Cement 
Design and Installation 

- Preparation of the base walls is extremely 
important. The base wz11 should be prop- 
er ly  finished, and well moistened before, 
placing the concrete t o  prevent t h e  1 i ner 
f r o m  drying too quickly. 

Concrete mixes should be p l a s t i c  enough t o  
consolidate well, -bu t  n o t  s t i f f  enough t o  
s l i p  on  s l i de  slopes.. 

- 

- Proper curing of t h e  l jner  - is  important. 

_- 
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CHAPTER 5: 

STORAGE TANK REHABILITATION 

Under certain conditions , a used underground 
storage ,tank may b e  rehabilitated by install-. 
ing an inter ior  lining as prescribed . in  the 
Bulk  Storage Code, and pursuant t o  manufac- . ’ 

, turers’ specifications. 

T h i s  chapter presents recommended. practices and guidelines fo r  the 
inter ior  l ining, o r  rehabili tation, of steel  and fiberglass-reinforced. 
p las t ic  (FRP) underground storage tanks. The in te r ior  l ining o f  tanks can 
be an effective means of tank repair which  can extend the usable l i f e  o f  a 
tank. 

The activit ies associated w i t h  the rehabi 1 i t a t ion  of underground stor- 
age tanks include: (I) freeing the t a n k  o f  aT7 hazardous l i q u i d s  and 
vapors; (2) cleaning the inter ior  surface o f  -the tank  and preparing i t  for  
coating; (3)  plugging or  patching holes i n  t h e  tank; (4) relining t h e  tank 
interior;  and (5) closing and sealing the tank. These ac t iv i t ies  are d is -  
cussed below,  w i t h  guidelines and recommendations g iven  for repairing steel  
and FRP storage tanks. Table 5-1 l i s t s  sources OF technical assistance for 
safely carrying o u t  these act ivi t ies .  In addition, t he  American Petroleum 
Ins t i tu te  has recently published recommended practices for t a n k  re1 ining 

. C81. 

A. General Safety Precautions 

Personnel and general pub1 ic safety are c r i t i ca l  considerations during 
any procedures tha t  involve opening and entering a tank tha t  contained 
hazardous 1 iquids .  The following subsections descibe safety precautions 
which the Department recognizes as prudent and necessary for the rehabilita- 
t i o n  of underground storage tanks.  
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Table 5-1 

- Sources of Information on Safe Tank Rehabi l i ta t ion  Procedures 

A P r  Publicat ion 2015, Cleaning Petroleum Storage Tanks, Second E., 1976. 

A P I  Publ icat ion 2015A, Guide f o r  Control l ing the Lead Hazard Associated With 
Tank Entry and Clean'ing, 1975. 

API R.P. 2003, Protect ion Against Ign i t i ons  Arising O u t  of S t a t i c ,  Light- 
ning, and S t r ay  Currents,  Third Ed., 1974. 

NFPA 327, Cleaning Small Tanks and Containers. 

NIOSH, C r i t e r i a  f o r  a Recommended Standard, Working i n  Confined Spaces. 
Dept. o f  Health, Education and Welfare. DHEW 80-106. 

* .  

. 
- . 

.. .. . .. . _. -. . 
,. . -  . .. , . .  
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1. Prepara t ions  f o r  Opening t h e  Tank 

0 
Proper procedures f o r  prepar ing  the t ank  f o r  opening and entry are 

essential t o  ensure the safety of a l l  persons involved i n  the t ank  r e h a b i l i -  
t a t i o n  process.  As such, t h e  fo l lowing  are important: -. 

- Cont ro l l i nq  Sources o f  Ign i t ion :  A l l  sources  o f  i g n i t i o n  -must be 
removed from t h e  area surroundino t h e  t ank  and vapor  vents. All 
open flames and spark-producing equipment w i t h i n  t h e  vapor expo- 
sure area must be  s h u t  down, and a l l  e l e c t r i c a l  equipment used i n  
t h e  area must b e  explosion proof.  

- Removal o f  Liquid Product: As much product  and sediment o r  s ludge  
as p o s s i b l e  must be removed from the tank. Hand pumps should  be 
used t o  remove residual product which  i s  below t h e  level o f  t h e  
product pump. 

- Removal o f  Flammable Vapors: The t a n k  must be thoroughly ,purged 
o f  flammable vapors. F igu re  5-1 shows severaT common t y p e s  o f  
t a n k . v e n t i l a t i o n  tohf;yAr&+ i9kS. 

0 
- T e s t i n g  Vapor Concentrations- After the t a n k  has been vapor- 

freed, t h e  f lammabi l i ty  of the vzpor remaining i n  the t a n k  should 
be tested. Tank opening and e n t r y  ope ra t ions  should occur  on ly  
a f t e r  t h e  vapor concent ra t ion  is  b&ow 20% o f  the lower exp los ive  
l imit  (LEL). 

Guide l ines  for  t h e s e  a c t i v i t i e s  can be  found i n  APT Pub l i ca t ion  2015, 
Cleaning Petroleum Storaqe  'Tanks CZ]. 

2. Opening the Tank 

If no manway o r  hatch exists,  a ho le  w i t h  t h e  m i n i m u m  dimensions o f  18" 
x 18" (22" x 22" m a x i m u m )  can be c u t  i n  t h e  t ank  t o p  (steel) o r  t a n k  end cap 
(FRP).  The t ank  must b e  c u t  using an  explosion-proof (such as a i r  d r iven )  
s a b e r  saw o r  sn ippe r  using l u b r i c a t i n g  o i l  t o  reduce f r i c t i o n ,  h e a t  and 

?. p o s s i b l e  sparks .  P r i o r  t o  the f i n a l  c u t ,  t h e  s e c t i o n  must be supported t o  
prevent  its fa l l ing  i n t o  t h e  tank. 

After t h e  hole  i s  cut, the t a n k  vapors must again be tested t o  v e r i f y  e t h a t  t h e  t ank  i s  s t i l l  safe. The readings  shou ld  be  lower t h a n  20% LEL. - 
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~. INTERIOR LINING OF STEEL 
f \  UNDERGROUND STORAGE TANKS 

TYPES OF TANK VENTILATION AIR MOVE 

i 
EDUCTOR TYPE 

- 

. 
.. 

DETAIL 1A FIGURE 1 

Hose t o  air i 

DIFFUSED A.IR BLOWER I 

G r o u n d  C a b l e  

Brass p i p e  1%" dia. with , 

four  rows o f  35  .- % "  holes  

NOTE: G r o u n d  cable brazed t o  pipe 
mu,st be  clamped t o  f i l l  pipe. 
Use 1 2  gauge  ground wir6 
from fi l l  pipe t o  w a t e r  p ipe 
o r  g r o u n d  rod.  

FIGUR3 2 

m-s-.-- LOW PRESSURE AIR B L O W E R .  - e".-- ..- 
. _ _ _ , .  * - -  

4" Hose  coupled t o  f i l l  pip:! 
Max. f low r a t e  15 ft/rec. 
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3. Tank Entry 

Persons entering an underground tank for rehabili tation ac t iv i t i e s  e 
should be equipped w i t h  positive air  displacement equipment w i t h  'Full face- 
mask a t  a l l  times. Such persons should also wear a safety harness which is 
connected t o  a safety l i ne  he ld  by an attendant outside t h e  tank. The 
clothing worn by any personnel entering a tank should consist of t h e - f o l l o w -  
i ng: 

~ - 

, 

- Cotton or other  non-static producing fabric t h a t  covers the arms, 
legs, torso,  and head. 

O i l ,  water and chemical res is tent  boots. 

O i T ,  water and chemical res is tant  gloves. 

- 
- 

I t  is important that vapor freeing and tank ventil- 
' ation operations continue while personnel a re  i n  

the t ank .  If the tank is -perforated, product o r  
fumes that have leaked out may re-enter t h e  tank a t h rough  the perforations. - 

~ 

E. Rehabilitation o f  Steel Tanks 

1. Conditions fo r  Rehabilitation 

A steel  tank may be relined, o r  rehabilitated, only i f  i t  meets the 
conditions given i n  t h e  box below. If t h e  tank does not meet these struc- 
tural  requirements, i t  is unlikely tha t  rehabili tation operations will b e  

successful. If these structural  requirements cannot b e  met, the tank's 
service l i f e  is over. It cannot be relined o r  reused. 

. 

-. 
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0 A steel  tank may be relined or rehabilitated only 
i f  - i t  meets the following structural  conditions: 

- I t  has a minimum shell  thickness of  0.18 inch 
(7 gauge). 

inches. 
- I t  .has no open seam or s p l i t  longer than 3 

- I t -  has less than ten (10) holes w i t h  none 

- I t  meets a l l  the standards o f  the l i n i n g  

A tank which f a i l s  t o  p e t  these requirements must 
be removed o r  abandoned except as provided by the 
B u l k  Storage Code [1]. 

larger than one-half .inch i n  diameter. 

manufacturer f o r  structural  soundness. 

. .  

To determine adherence t o  these requirements, the in te r ior  surface of 
the tank must be tapped by a ballpeen hammer to  investigate for soundness. 

. Weak areas,  holes, and seams m u s t  be'ballpeen hammered t o  obtain structur- 
a l ly  .sound edges. Hbles and seans must be -reamed until  the edges of the 
opening are a minimum o f  one-eighth (I.&) inch thick. . .  

- .  

. 2. .Preparation o f  .the Tank -Interior 

Preparation of the tank in te r ior  includes procedures for  sludge remov- 
a l ,  if necessary, inspection of the tank surface, sandblasting, of the tank 

.. surface, plugging o f  any perforations, and instal la t ion o f  s t r i ke r  plates. 

Sludqe Removal. Sludge w h i c h  has accumulated i n  the tank constitutes a 
hazardous waste. I t  must be collected, placed i n  a t igh t ly  sealed con- 
ta iner ,  and disposed o f  i n  accordance w i t h  Part 360 o f  t h e  New York State 
Code of Regulations. Care should be taken d u r i n g  sludge removal operations 
t o  avoid causes o f  sparks o r  sources o f  ignitions. 

. 

Surface Inspections. After any sludge has been removed, the t a n k  
in te r ior  surface should be carefully reinspected t o  ensure tha t  the tank 
meets the structural  requirements for  rehabilitation given above. 

e 
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Sandblasting. The ent i re  internal surface of the tank must be sand- 
blasted completely free of rust, scale,  and other foreign matter i n  accor- 
dance w i t h  the Steel Structures Painting Council Specification SPCC-SP 5-63 
(S.S.S.a3) (White Metal Blast Cleaning). A White Metal F i n i s h  is  defined as 
a surface w i t h  a gray-whjte uniform metallic color, s l igh t ly  roughened t o  
form a sui table  surface f o r  coatings. Following sandblasting, the en t i r e  
surface must  b e  brushed and vacuumed such tha t  the surface i s  f ree  of a l l  
moisture, o i l ,  grease, d i r t ,  v is ible  mill scale,  rust, corrosion p roduc t s ,  
oxides,  p a i n t ,  o r  other foreign matter. 

0 

c 

Temporary plugging of a l l  holes and s p l i t s  i n  the t a n k  may be  necessary 
p r i o r  t o  sandblasting t o  preclude re-entry o f  product l iquids o r  vapors 
during t h e  sandblasting operations. Temporary repairs c a n  be  made w i t h  
non-corrosive plugs made o f  teflon or nylon for  holes, and hydraulic cement 
f o r  seams o r  sp l i t s .  

- 
Permanent Plugging. After sandbiasting, a l l  perforations and open o r  

0 s p l i t  seams should be permanently repaired as follows: 
- 

- A1 1 perforations must., be' ..plugged w i t h  boiler pl'ugs made o f  non- 
corrosive plast ic-  These b o i h r  plugs must  be .  covered w i t h  a 
laminate of resin and fiberglass cloth w h i c h  overlaps a l l  .sides of 
the plug by a t  l eas t  two (2)  inches.. 

- Open seams may be  plugged w i t h  hydraulic cement. Seams repaired 
. i n  t h i s  manner mus t  be covered w i t h  e i ther  a laminate of resin and 

fiberglass o r  a steel  plate which is.bonded i n  place. The plate .  
should have a thickness of 7 gauge (0.18 i n c h )  o r  more and must  

laminate o f  resin and fiberglass. cloth must. cover the 'plate  w i t h  a 
minimum overlap of .two (2) inches. 

~ extend beyond a l l  sides o f  the hole o r  s p l i t  by s ix  (6)-inches.  A 

- Instal la t ion ' o f  Striker Plates. P r i o r  t o  the appi.i.cation  of an i n -  
terior coating, str iker plates,  if n o t  present and i n  satisfactory condi- 
t i o n ,  s h o u l d  b e  installed under a l l  tank access openings, such a s  t h e  f i l l  
and gauging tubes. These s t r i k e r  plates a re  necessary t o  prevent o r  limit 
future damage t o  the tank, such as t h a t  which could b e  caused by di.p- 

-* 

a sticking. 
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Each s t r i k e r  plate  shou ld  be a one-quarter e) inch steel  plate rolled 
t o  t h e  contour of the tank w i t h  min imum dimensions of twenty (20) inches by 
twenty (20) inches. This plate size will help reduce b o t h  dipstick damage 
and b las t  erosion from product delivery. Each plate m u s t  be bonded t o  the 
tank and m u s t  b e  covered w i t h  a laminate of resin and fiberglass cloth. 

3.. The Inter ior  Tank. Lining , 

- The coating which i s  used t o  l ine  the 
in te r ior  o f  the tank must maintain a permanent 
bond t o  the t a n k ,  and m u s t  form a hard imper- 
meable shell which w i l l  n o t  crack, wear, 
soften, o r  separate from the tank surface for  
a period of a t  l eas t  ten (10) years. . 

The material which  i s  used t o  coat the interior surface of the t a n k  
m u s t  be guaranteed t o  l a s t  for  a 'minh in  of ten (10) years. Th i s  material 
must maintain a permanent bond w i t h  the s teel  surface of the t a n k ,  and i t  
must be o f  suff ic ient  thickness, density, and .strength t o  form a hard, 
impermeable surface which will n o t  crack, .- wear, o r  soften. 

The Department does not  specify minimum thicknesses i n  t h i s  manual 
because the minimum thickness requirements w i l l  vary w i t h  the coating ma-ce- 
r ia l  chosen. However, the coating material must be chemically compatible 
w i t h  the stored product. I t  m u s t  also have a coefficient of thermal expan- 

~ sion which is compatible w i t h  s teel  so tha t  s t ress  due t o  temperature 
changes will no t  de destructive t o  the coating o r  the coating-to-steel bond. 

The coating material must be applied i n  s t r ic t  
accordance w i t h  manufacturer's specifications. 

The coating material'must also be applied as soon as possible a f t e r  the 
tank surface has been cleaned and sandblasted, so as t o  avoid accumulations 
o f  d i r t ,  g r i t ,  rust, o r  moisture. The Department recommends. that  no t  .more 
than eight (8) hours elapse between surface preparation and application of 
the coating. 
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After application, the new lining must be tested for  the presence o f  
a i r  pockets and pinholes. The Department recommends tha t  an Elcometer 
Thickness Gauge o r  equivalent be used t o  check the coating 'thickness, and a 
Barcol Hardness Tester o r  equivalent be used t o  assure compliance w i t h  
manufacturer's specifications for  hardness. An eJectronic spark t e s t e r  o r  
equally effective device should be used t o  detect the presence of any holi- 
days (holes o r  other defects) in the coatjng. 

4. Closinq the Tank 

After the ' in ter ior  o f  the tank has been coated, a l l  manways o r  access- 
ways which  have been used t o  enter the tank must b e  closed and sealed prop- 
er ly  t o  prevent future losses of product o r  product vapors. To accomplish 

. t h j s ,  the Department recommends the procedures described in the following 
paragraphs, and i l lus t ra ted  i n  Figure 5-2. 

If the  tank had a manhole, the manhole cover gasket must  be replaced 
w i t h  a new one before resealing. 

- 
I f  an opening had t o  be cut t o  enter the t a n k ,  t h i s  opening should b e  

sealed using these procedures: 

A V4 inch thick steel  cover plate,  rolled t o  the contour of the 
tank, must be made t o  overlap the hole a t  l ea s t  two inches on each 
side. 

The covey should be used as a template t o  locate 3 / 4  inch diameter 
holes on f ive inch centers, one inch from the edge of the cover. 

The cover plate  should be sandblasted t o  t h e  standard s e t  forth 
above. Both sides and the entire i n s i d e  surface m u s t  be coated 
w i t h  coating material t o  act  as a gasket. 

Before t h e  coating on the cover cures, the cover must b e  fastened 
to the  tank using 1/2 inch (minimum) diameter bolts. The b o l t  
shafts are t o  be placed through t h e  holes from the inside of the 
tank and held i n  place by spring cl ips ,  t h e n  fastened w i t h  lock 
washers and n u t s  which have been dipped i n  a seam sealer. 

After being bolted t o  the tank, the cover plate  and surrounding 
tank surface m u s t  be properly sandblasted, coated w i t h  coating 
material, and allowed t o  cure before backfilling the tank ex- 
cavation. 
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INTERIOR LINING OF STEEL 

UNDERGROUND STORAGE TANKS. 

Figure 4 

INSTALLATION OF TANK COVER PLATE 

COAT1NG MATERlAL 

- 

- 

TANK INTERIOR 

STEEL COVER PLATE 

FLATWASMER - 
WITH BOLT IN PLACE PRIOR : 
*OVER INSTALLATION , 

M’ITH.COVER BOLTED IN PLACE 

CROSS SECTION 

See detail of Cover Plate 
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5. Tightness Testing 

0 Once the tank has been coated and closed, and before backfilling has 
occurred, t h e  tank should be pressure tested t o  insure that  a l l  plugging, 
patching, coating, and sealing procedures have been effective.  The Oepart- 
ment recommends tha t  the tank be soaped and pressure tested a t  a pressure o f  
5 psig fo r  a m i n i m u m  period of one hour  t o  ensure t a n k  integrity.  

_. 
c 

A Precision Test i s  the best method t o  cer t i fy  
t o  the tank owner tha t  the storage tank i s  

(see Chapter 8). 
- liquid t i g h t  when i t  is  placed back i n  service 

C. Rehabilitation o f  FRP Tanks 

The repair  of FRP tanks must  be conducted 
by experienced f i e ld  personnel i n  s t r i c t  
accordance w i t h  manufacturers' specifications 
and guidelines. 

- 

1. Condi t ions  for Rehabilitation 

The primary c r i t e r i a  typically used t o  determine whether an FRP tank 
should be  repaired o r  replaced is  economics. One should compare the cost of 
time and materials for  repair t o  the cost o f  purchasing and instal l ing a 
replacement tank. Tn some cases, the cost  of repair may be greater than the 
cost  o f  replacement. 

There may also be some instances i n  which  the structural  damage t o  a 
tank i s  so great t h a t  repair is not feasible o r  practical (as well as pro- 
hibitively expensive). I n  such instances, replacement o f  the tank i s  the 
only p a t h  t o  continued operation. Before rehabili tation o f  an FRP t a n k  i s  

attempted, the tank manufacturer. should be consulted t o  determine if repair 
operations will resu l t  i n  a tank t h a t  cont inues t o  meet Department stan- 

@ dards. 
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2. Repair Procedures 

The repair o r  rehabili tation o f  fiberglass-reinforced p las t ic  tanks 
typically involves patching holes or  cracks i n  t h e  tank shell  o r  end caps, 
or  repairing o r  replacing crushed or cracked ribs. I n  any ac t iv i ty  of t h i s  
type, close adherence t o  manufacturer's specifications is a necessity. The 
Owens-Corning Fiberglas Corp. Field Service Manual [ 7 ]  is an excellent 
reference on t h i s  subject. 

- 

--. 

The repair o f  cracks, o r  holes i n  the shell  or  end cap of a FRP t a n k  
involves the following steps: 

1. 

2. 

3. 

Surface Preparation. The surface which  i s  t o  be repaired must be  
cleaned and roughened so that  bonding w i t h  new resin material w i T l  
be faci l i ta ted.  Typically, t h e  damaged surface i s  ground or  
sanded t o  give i t  a rough surface, and t h e n  solvent cleaned t o  
remove a l l  d u s t  and other foreign matter. - 
Patching the Damage. The crack o r  hole m u s t  be covered, patched, 
o r  bridqed w i t h  an approved material. s u c h  as  a resin-impreqnated 
fibergjgss mat. 
t ively w i t h  a material t h a t  can be adequately bonded t o  the .  tank. 

The objective is  t o  cover the damaged area effec- 
T. 

.~ Curinq t h e  Patch. 
i s  allowed t o  cure t o  bond i t s e l f  t o  t h e  t ank .  After t h i s  s tep,  

The patch o r  mat used t o  cover the damaged area - . : 

the repair is basically complete. 

In preparing the surface and patching the damaged area,  it is typical t o  
extend the area o f  repair beyond the area of damage. For example, i n  re- 
pairing small (less than 4 inches i n  diameter) holes in FRP tanks, Owens- 
Corning Fiberglas Corporation directs  their repair teams t o  grind (roughen) 
the surface a t  l ea s t  6 inches beyond the damaged area i n  all directions, and 
t o  ensure t h a t  t h e  patch tha t  i s  used extends 4 inches beyond a l l  sides o f  

the damage [71. 
- * 

P- 

The repair  of damaged r ib s  requires similar steps, w i t h  the exception 
t h a t  t h e  patcb o r  replacement piece used must be in the original shape o f  

t h e  r i b .  T h i s  ensures that  the repaired r i b  w i l l  supp7y proper structura7 
support f o r  the tank when i t  is under operational loads.. 
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CHAPTER 6: 

RECOMMENDED PRACTICES FOR TANK CLOSURE AND ABANDONMENT 

.- 

a< 

- 

The use of proper procedures for the temporary 
t ,  or permanent closure of underground storage 

tanks is  important t o  prevent environmental 
contamination and to  insure the future safety 
o f  %he s i t e .  

Table 6-1 l i s t  

A. 

some of t h  

Introducti o ti 

environmental and safety concerns tha t  are 
associated w i t h  the proper closure of underground storage f ac i l i t i e s .  The 
o p t i o n s  available for temporary o r  permanent closure of such storage systems 
are as follows: 

~ 

- Temporary closure: the tank.and piping system are emptied and 

the tank and p i p i n g  system are emptied and 

- Removal fo r  reuse o r  disposal: the tank and p i p i n g  systems are 

sealed so as t o  be "temporarily o u t  o f  service." 

Abandonment i n  place: 
sealed, and t h e  tank i s  f i l l e d  w i t h  an inert material. 

removed from the ground a f t e r  being emptied. 

- 

The remainder of t h i s  chapter further describes these alternatives and 
presents recommended practices for each. 

. B. Temporary Closure 

1. General DescrSption 

Underground storage tanks may be considered temporarily closed OP 

"temporarily o u t  of service" if: (1) they are i d l e  and i n  sound c o n d i t i o n ,  
and will be returned t o  service; ( 2 )  they are awaiting abandonment i n  place; 
or (3) they are awaiting removal from the ground. These are tanks tha t  a re  
intended t o  be returned t o  service w i t h i n  two years o r  are scheduled for  
abandonment or removal w i t h f n  ?R days. 
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Table 6-1 

Important Considerations i n  Storaqe Tank Closure 

Product t ha t  i s  l e f t  i n  t he  bottom of the tank (e -g- ,  below the with- 
drawal l ine) will eventually leak out, leading t o  potential environmen- 
t a l  contamination and health hazard problems. 

Empty tanks l e f t  i n  place underground may be used for i77egal storage 
or  disposal of hazardous wastes. 

Improperly closed tanks may be accidently f i l l e d  w i t h  a material t ha t  
i s  incompatible w i t h  the previously storage material. 

Accidental i n t r u s i o n  i n t o  the aba.ndoned tank s i t e  may occur.. A c lass ic  
example of  such is children playing near .an abandoned. gasoline. storage 
tank, where a casually discarde'd l i t  c igarei te .  or  match can lead t o  
catastrophe. 

A tankmay be accidentally reused i n  a sensit ive appiication, such as 
for  food product storage, without being properly cleaned and, decontami- 
nated. 

- 

Tanks l e f t  empty i n  the ground may eventually collapse, causing ground 
subs i  dence. 

An empty, forgotten t a n k  could pose a long-term threa t ,  such as a 
th rea t  o f  explosion, if the s i t e  i s  excavated. 

- 

.. 
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2. Recommended Practices 

a The Department recommends that  any temporary closure of an underground 
storage system include the  following steps: 

1. I -  

2. 

3. 

4. 

5. 

Remove a l l  product from the tank and piping system, leaving suffi-  
c ient  quantity i n  the tank (a minimum of 4 inches, a maximum o f  6 
inches) t o  assure a rich,  non-explosive vapor mixture. 

Use concrete cas t  i n  place t o  cap a l l  f i l l  and draw-off l ines.  

Leave the vent l ines  open. 

C u t  off the power t o  a l l  tank pumps and dispensers. 

Secure the storage area against tampering. Isolation of the 
storage area through the use of a locked fence i s  recommended 
where practical .  . 

In l ieu of 'leaving standing.product. i n  the  t a n k  t o  insure a non-explo- 
sive vapor atmosphere, one may f i ' l l  the Xank completely w i t h  a water solu-. 
t i o n  containing a rust and. corrosion inhibitor ( to prevent rusting or corro- 
s ion  o f  steel  tanks). T h i s  practice would. serve the same purpose.of remov- 
.ing a l l  f i r e  and explosion hazards while .preventing.corrosion or rusting of 
steel  tanks during temporary cl.osure. However; one should be aware tha t  i f  
the t a n k  is leaking a t  a l l ,  th i s  water;may b e ' l o s t  during the storage 

0 

period. . .  

C. Permanent Closure ' ' .  

1. General Discussion 

The determination of whether t o  abandon a tank i n  place .or remove i t  
for  reuse o r  disposal is dependent upon several factors, ,such as the age and 
condi t ion  o f  the tank, i t s  salvage value, and its potential for reuse. 
Governmental regulations may require tank removal. Other factors tha t  are 
important include the following: I 

- 

5 

. 1  - Tank Location. The depth ' t o  which the 'tank is burie'd and .the type 
of soil  i n  which i t  i s  buried will  affect  the ease, and hence, the 
C o s t ,  o f  t a n k  removal. The potential for damage t o  concrete Or 
asphalt t r a f f i c  surfaces and nearby u t i l i t i e s  should  also .be 
considered. 

- 0  
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1 

t '  
! _ '  

- Projected Use. o f  the S i t e  After Closure. I f  s i t e  plans' cal l  f o r  
development that involves excavation o r  regrading t o  the  level of 
the tank, i t  i s  very l ikely tha t  the tank will have t o  be removed. 

- The Cost  and Availability of Labor and Equipment. Tank removal 
will require the use of heavy equipment and experienced labor. If 
the cost o f  this labor and equipment i s  p r o h i b i t i v e ,  abandonment 
i n  place may be the preferred o p t i o n .  

. The Proximity of  the Disposal Site.  The proximity of  the  disposal 

transportation costs could be prohibitive, making ahandonment i n  
place the  preferred option. Tanks which have contained leaded 
gasoline 8re.considered a hazardous waste and must  be disposed o f  
accord? ngly. 

-- Regulatory Requirements. Local 1 aws or ordinances may require 
removal of t he  tank as part of any permanent closure procedures. 

- The Presence of Other Tanks. The presence 0.f other tanks s t i l l  i n  
use i n  the same excavation could affect  the deci.sion. I f ,  for 
example, the tank which i s  t o  be closed i s  adjacent t o  an FRP ' 
tank, i t  shou1d.be abandoned i n  place. t o  preuent structural  damage 
t o  the remaining FRP tank. --See Section .. 7 below for more informa- 
tion. 

- - 
- 

s i t e  can also greatly affect  the cost o f  tank removal. Tank -. 

The New York State Bulk Storage Code requires 
t h a t  any new steel  tank instal la t ion include 
cathodic protection and an exterior corrosion- 
res is tant  coating. Therefore, unprotected 
(bare) steel  tank cannot be salvaged and 
reused i n  underground applications. 

2. Abandonment i n  Place 

Underground storage tanks may be effectively and safely abandoned i n  
t place through the following sequence o f  procedures: 

1. Remove a71 
system. A hand pump o r  suction pump will be required t o  remove 
the bottom four  inches o f  liquid from t h e  tank. 

2. Remove, or  disconnect and p7ug a77 b u t  one o f  the tank's f i l l ,  
gauge, and product del i very 1 i nes. The remai n i  ng accessway w i  17 
be used to  add water t o  the tank .  

liquid which can be pumped o u t  o f  the tank and p ip ing  .. 
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3. Since petroleum products will f loat  on water, the tank should be 
f i l l e d  t o  overflowing w i t h  water and purged of any remaining 
product. When the floating residual product reaches the f i l l  
opening, suspend the f i l l i n g  operation, remove the floating pro- 
d u c t  and the remaining water, and dispose of i t  properly ( i n  
accordance w i t h  Part 360 o f  the New York State Code of Regula- 
t i o n s ) .  Alternatively, tanks t h a t  are equipped w i t h  d rop  tubes 
need only be f i l l e d  t o  a water depth of I foot (which should be 
suff ic ient  t o  permit removal of residual product) before being 
pumped o u t .  

0 

Flammable vapors will be expelled through the tank vent and remain- 
i n g  f i l l  openings during this water-filling process. Purged 
product may also flow out o f  the tank opening if  the t ank  i s  
overfi l led.  Therefore, the ent i re  operation should be considered 
hazardous, and precautions should be taken t o  prevent vapor igni -  
t i o n .  

4. Dig down t o  the tank t o p  a t  a17 f i l l  and gauge openings and a t  
connected l ines.  

5. Disconnect, empty, and cap-all piping. Se particularly careful t o  
avoid s p i l l i n g  product.from the piping into the excavation. 

6. Fi l l  the tank w i t h  a so l id , - iner t  material such as sand, a combi- 
nation of  sand and earth,  a concrete slurry, o r  grout. T h i s  f i l l  
material can be introducted i n t o  the tank t h r o u g h  the manway ( i f  
one ex is t s ) ,  the opening tha t  was uzed to  add and rernave water ( i f  
large enough), o r  a hole punched i n  the t a n k  t o p  using a backhoe 
or  other equipment. Thfs operation should be considered hazard- 
ous ,  and precautions should be taken t o  prevent vapor i g n i t i o n .  

Disconnect and cap a l l  vent lines. 

Cover the tank w i t h  backfill material and grade. 

7. 

8. 

Underground tanks being abandoned i n  place must be f i l l e d  t o  prevent 
the subsidence tha t  would accompany tank collapse. Sand i s  an ideal f i l l  
material because i t  will readily f l o w  into the tank and i t  i s  generally 
available. Any type o f  sand i s  suitable as long as i t  is f r e e  of  rocks 
which  might prevent leveling o u t  i n  the tank. The sand may be  introduced 
into t h e  tank  i n  dry form as long as i t  flows i n  freely and, when the cone 
nears t h e  top of the tank, can be washed into the tank w i t h  a nominal amount 
o f  water and puddled t o  cause i t  to  flow t o  the ends of the t a n k  The use 

of extensive amounts of water should be avoided i n  t h i s  instance as the tank 
migh t  be f i l l e d  w i t h  water before i t  is f i l l e d  w i t h  sand. 

. 

5 
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$ 
A combination o f  .sand and earth can also be used t o  f i l l  the tank as 

follows: (a) f i l l  the tank w i t h  sand t o  approximately 80 percent of capac- 
i ty ;  and ( b )  pour a free-flowing mud consisting of soi l  and water i n t o  the 
tank opening and puddle until  the tank i s  fu l l .  

. , 
Concrete or g r o u t  s lur r ies  can also be used t o  fi17 tanks which are . - 

x 
being abandoned i n  place. Depending upon s i t e  economics, such a s ' t h e  avail- 
ab i l i t y  and proximity o f  materials and 'labor requirements, these o p t i o n s  may 
be somewhat more expensive than using sand o r  earth f i l l .  However, they 
will eliminate the need for  puddling t o  ensure that the tank is completely. 
f u l l ,  and as such may be a t t rac t ive  alternatives i n  some instances. I f  one 
of these options i s  used, the tank drop tube  must be removed before the tank 
can be pumped fu l l  of  the slurry.  

.I 

. .  
Detailed records should be maintained during a l l  storage f a c i l i t y  

closure .procedures.. These records shou'ld include, a t  a minimum, the follow- 
ing information: 

.- The date of the closure operatiGn. 

. - The as-abandoned location o f  the t ank  and p i p i n g  
which remain i n  the ground. 

- The amount of product removed and the method of 
disposal (or use) of  t h a t  product. 

The amount of  water used ( fo r  product  removal) and 
the method of  (treatment and) disposal of  t ha t  
water. 

- 

The location o f  tanks abandoned i n  place should alsa be noted on the 
property deed. 

3. Removal of Underqround Tanks 

The safe removal of underground tanks from storage f a c i l i t i e s  can be 
accomplished through the following procedural steps: 0 
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. -  

. 

. 

1. Kemove a l l  liquid from the tank. I t  will be  necessary t o  use a 
suction pump o r  hand pump t o  remove the bot tom few inches of 
product. 

2. Remove the f i l l  tube from the tank i f  one is. present. 

3 .  Disconnect t h e  f i l l ,  gauge, vent and product delivery Tines from 
the . tank .  Cap o r  p lug  the open ends of a l l  lines. Remove a l l  
' liquid from the delivery l ines,  using care n o t  - to  .spil l  any 1i.quid 
i n t o  the excavation. 

Remove ' a l l  .flammable o r  otherwise hazardous vapors from the tank 
using one o f  the .following methods. Note that the use o f  any of 
these methods will resul t  i n  the release of vaporsto the surround-  
i n g  environment. Hence safety precautions w i t h  regard t o  the 
handling of hazardous (especially flammable o r  explosive) vapors 
should be observed. - .  

(a) If the stored product will f loa t  on water, i f  water i s  avail- 
able, and if there i s  a suitable. means for  disposing o f  
wastewater, the tank may be overflowed w i t h  water t o  expel 

. .  any remaining product and vapors. . Any remaining product 
should be pumped o u t  as the tank f i l l s .  Care should be taken 
t o  avoid spil lage o f  product and exposure t o  product vapors 
i.f a flammability or toxicity hazard exists.. Once aJ1 prod- 
uct and vapor have been. removed from the tank, the contami- 
nated water should be removed and disposed o f  i n  accordance 
w i t h  applicable stat.e and local regulations. All tank open-. 

(b)  An al ternate method would be t o  ventilate the tank w i t h  a i r ,  
using a small gas exhauster (eductor) operated w i t h  com- 
pressed a i r  (as from a portable compressor or  other suitable 
means). The flow o f  a i r  t h r o u g h  an opening near one end o f  

. the tank and the discharge of the vapor-air mixturp,. o u t  an 
opening near the opposite end of the tank will remove any 
vapor present. The vapor concentration i n  the tank can be 
checked w i t h  a gas concentration indicator during the opera-. 
t i o n .  When the tank is  gas-free, cap o r  plug a l l  tank open-- 

' irigs. Note tha t  any a i r  hoses used dur ing  this-procedure 
must be grounded t o  prevent s t a t i c  discharges. 

4. 

ings should then be capped or pluggsd. . .  

( c )  Another method involves the use of solid carbon dioxide (dry 
ice) t o  purge flammable vapors and render the remaining tank 
gases inert. Dry ice should be introduced i n t o  t h e  tank i n  
the amount o f  1.5 pounds per 100 gallons o f  tank capacity; 
the dry ice should be crushed and distributed evenly over the 
tank area t o  assure r a p i d  sublimation. After a l l  the dry ice  
has vaporized, a71 tank openings should be capped o r  plugged. 

Remove excavation backfill t o  uncover the t o p s  o f  the tank and any 
product 1 i nes . 
The tank may now be uncovered and removed from the excavation. 

5. 

6. 
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Before the tank i s  moved from the s i t e ,  be certain that  a l l  holes are 
plugged or capped. Use screwed (boiler) plugs t o  p l u g  .any corrosion leak 

One plug should have a 1/8 i n .  vent hole t o  prevent the tank from 
being subjected t o  an excessive pressure differential  caused by cr i t i ca l  
temperature changes. 

0 holes. 

Tanks should be removed from the premises as promptly as  possib.le a f te r  
these procedures have been completed, ,for the atmosphere i n  the tank will 
n o t  remain gas-free .indefinitely. If a t a n k  remains a t  the s i te  ove rn igh t ,  
o r  longer, additional .vapor may be released from liquid held i n  -the scale or 
sediment i n  the tank.. 'The vapor space should again be tested and the venti- 
lation process repeated i f  necessary. 

Extreme care must be taken i n  the of fs i te  transportation of tanks which 
.. contained flammable vapors. All holes i n  the tank must be plugged and the 

t a n k  positioned on the truck so that- the plug having a 1/8" vent hole  i s  
'located a t  the uppermost portion of the tank. All -transportation regula- 
tions concerning hazardous materials must be followed. 

0 
Detailed records should be maintained during these operations. These 

-records should  include, a t  a minimum, the date o f  the operation, the methods 
o f  product  and vapor purging, and the amounts  of product removed and the 
method o f  disposal of any waste liquids. - 

4. J u n k i n g  of Tanks 

When tanks are  no longer f i t  for  the storage of flammable liquids o r  
are considered j u n k ,  they should be disposed o f .  Whether so ld  t o  a j u n k  or . 
scrap dealer o r  discarded t o  an acceptable f ac i l i t y ,  suff ic ient  holes s h o u l d  
be made i n  tanks t o  render them unfit  for further use. 

~ - 
~ 

* 
When a tank i s  gas-freed i t  should  be punctured w i t h  a pickax, chisel ,  

or other heavy, sharp object; or many 'large holes may be dr i l led i n t o  it. 
When a tank i s  n o t  gas-free i t  should be i i l l e d  w i t h  water until overflowing 
and punctured, as above, while fu l l  of water. 0 
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As an added precaution, regardless o f  condition, the tank should be 
7abeled i n  legible le t te rs  w i t h  the fo l lowing  informatjon: 

"Tank Has Contained Flammable Liquids 
Not Gas-Free 

Not Suitable for Food o r  Drinking Water" 

0 

- 

i Prior t o  the j u n k i n g  o f  tanks, the l a t e s t  applicable waste disposal 
regulations should be checked t o  determine i f  special attention o r  prepara- 
t i o n  i s  required, 

5. Reuse of Storage Tanks 

Any storage t a n k  that  is reused for i n  underground storage f ac i l i t y  
must meet the requirements o f  the Bulk Storage Code for a new tank installed 
i n  such a faci l i ty .  I f  the owner cannat guarantee a minimum tank l i f e  o f  15 
years, the tank should n o t  be reused. 

- 
.- A t  a minimum, any tank which is t o  be reused m u s t  undergo a thorough 

internal cleaning and careful inspect-ion o f  b o t h  the interior and exterior 
surfaces. Tank cleaning procedures will include water-filling of  the tank 
t o  remove a l l  residual liquid, and manual removal of any product sludge, 
rust, and scale tha t  remains a f t e r  the water and product  have been pumped 
out .  

In any tank cleaning operation, concern must focus on worker safety. 
Without  proper safeguards and procedures, injury o r  property damage may 
result  from one o r  more o f  the folTowing: 

- Explosion o r  f i re .  
- Oxygen def i ci ency. 

- T h e  presence o f .  t ox fc  1 j q u i d s ,  vapors o r  dusts t ha t  are dangerous 
to  breathe. 

Physical hazards such as slipping, tripping o r  fa l l ing objects. - 
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For more information on  the procedures involved in tank cleaning, the 
degree of hazard associa-ted with these operations, and the precuationary 
steps that  should be taken, please refer t o  the sources l i s ted  i n  Table 6-2. 0 

The goal o f  any t a n k  inspection is  t o  determine 'if ' the  tank .has suffi; 
,cient integri ty  t o  be  p u t  back i n t o  service. The internal and' external - 
surfaces must be thoroughly inspected t o  determine i f  any pinholes- o r  evi- 

inspected f o r  cracks o r  other signs of wear o r  decay. The thickness of the 
tank wall should also be checked t o  ensure t h a t  it meets o r  exceeds the . 

requirements of the Bulk Storage Code. 

- 

. dence o f  structured damage are present. A 7 1  s e q s  should be carefully . -. 

The Department recommends that  acoustical o r  ultrasonic testing equip- 
ment b@ used t o  inspect storage t anks  for structural flaws. Spark testing 
equipment should also be used when coatings are present t o  detect pinholes 
o r  holidays i n  t he  coatings. More information on these types o f  equipment 
is available i n  the Department public?kion TechnoToqy f o r  the Storaqe of  Ha- 
zardous Liauids ,  A State-Of-The-Art Review [4]. 0 '  - 

I n  some s i tuat ions,  relining may be r-quired t o  bring t h e  tank i n  
compliance with Department standards f o r  reuse. Chapter 5 addresses- tank 
rehabilitation i n  detail .  

6. Storina Tanks f o r  Reuse or Disposal 

Used t anks  t h a t  have been gas-freed cannot be guaranteed t o  remain 
gas-free because of the potential for the retention of liquid product  (which 
may eventually vaporize) i n  crevices and under scale. I t  is therefwe 
important t h a t  tanks stored for reuse or disposal be  handled w i t h  caution. 
The recommended procedures for storing used tanks are l i s ted  helotq$. + - 

i Tanks should be stored and secured where they can be safeguarded, 
usually on the rocked premises of a tank user familiar w i t h  the hazards, o r  
a t  another location where- the general public will n o t  have access. An open, 
ienced yard area, apart from other f ac i l i t i e s ,  i s  desirable. 0 
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0 Table 6-2 

References for T- 

= _  API-2015 
Cleaning Petroleum Storage Tanks 

.I API-2015A 
A Guide f o r  Controll ing the Lead Hazard Associated w i t h  Tank Entry and 
Cleaning. 

c 
ANSI-~28. 2 
Standard P rac t i ce  f o r  Respiratory Protection. 

API  Pub. 2013 
Cleaning lYobil Tanks i n  Flammable o r  Combustible Liquid Service. 

I 

NFPA 327 
Cleaning Small Tanks and Containers. 

i NIOSH, c r i t e r i a .  f o r  a recommended standard; Workigg i n  Confined Space. 
DHEW 80-106. 

These publ ica t ions  may be obtained from the following organizations:  0 . 
A P I  Pub1 ications.: American Petroleum I n s t i t u t e  

2101 L S t r e e t .  N.W. 
Washington, DC 20037 
(202) 457-7173 

. 

. 

ANSI Publications:  American National Standards I n s t i t u t e ,  Inc. 
1430 Broadway 
New York, N . Y .  10018 
(212) 868-1220 

NFPA Publications:  National Fire Protection Association 
Batterymarch Park 
Quincy, blA. 02269 . ' 

(617) 328-9230 

NIOSH Publications:  National I n s t i t u t e  for  Occupational Safe ty  

Publ ic  Health Service 
Center  for Disease Control 
National Institute f o r  Occupational Safe ty  

and Health 

and Health 
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Before storing tanks, i t  is desirable t o  have them gas-freed via steam- 
ing or mechanical ventilation. If such f ac i l i t i e s  for gas-freeing are 
unavailable, tanks may be overflowed w i t h  water t o  expel vapors, and then  
drained. 

@ 

Tanks will also become gas-free by natural ventilation i f  stored off 

the ground w i t h  a l l  openings down and open for  a protracted period: During 
this  period of  natural breathing caused by temperature change, the vapors 
may be within the i r  flammable limits. To assure safe operations, the condi- 
t i o n  of the tanks should be indicated by a label o r  sign and they should be 
protected from unauthorized personnel during th i s  period. 

- 

-. 

. 

Any gas-freeing operations may release scale o r  sludge containing 
hazardous materials. Such scale o r  sludge must be carefully handled, and 
must be disposed of i n  accordance w i t h  applicable federal, s ta te  and local 
requirements. 

Gas-free tanks may be safely stored w i t h  unplugged opei ings ,  b u t  plug-. 
g ing  of a l l  openings is recommended t o  keep tank interiors' clean. 

0 
I 

In any of the foregoing cases where a l l  tank openings are t o  be t ight ly  
plugged, screwed plugs should be used, and one p lug  should have a 1/8 i n .  
vent hole t o  prevent the tank from being subjected t o  an excessive pressure 
differential  caused by c r i t i ca l  temperature changes. 

The former contents and present vapor s ta te  of each tank, i f  known, o r  
the gas-freeing treatment and date should be indicated by an appropriate 
label on the tank. 

7. Abandoning Steel Tanks Adjacent t o  FRP Tanks 

If the permanent closure of a steel  tank which is  adjacent t o  an FRP 
t a n k  i s  necessary, this steel  tank should be abandoned i n  place. This i s  
necessary to  prevent structuraJ damage t o  the fiberglass-reinforced plast ic  
tank due t o  the loss of la teral  support .  Improper abandonment o r  removal of 
the steel  tank i n  this instance could lead t o  settlement, which would proba- 
bly cause a fa i lure  i n  the FRP tank. 
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CHAPTER 7 
LEAK DETECTION SYSTEMS 

Leak de tec t ion  'syst2ms and inventory monitoring 
p r a c t i c e s  that  provide con t inuous  survei 11 ance f o r  
leaks  and s p i l l s  a r e  an important requirement i n  
underground b u l k  s to rage  i n s t a l l a t i o n s .  

. .  

A. ;I.ntroduction 

Surve i l l ance  f o r  a l e a k  o r  s p i l l  from an underground s t o r a g e  tank is an 
extremely important r equ i r e  o f  any b u l k  s to rage  i n s t a l l a t i o n .  T h i s  is best 
accomplished w i t h  a l e a k  de tec t ion  system. The purpose of the de tec t ion  
system is t o  inform the opera tor  t h a t  a leak  has occurred before  t h e  leak 
can become a s i g n i f i c a n t  environmental h e a l t h  o r  s a f e t y  problem. 

The recommendations w h i c h  follow focus on the types and operat ion of  

l eak  de tec t ion  equipment, and r ep resen t  minimum o b j e c t i v e s  f o r  owners and 
opera tors  of b u l k  s to rage  f a c i l i t i e s .  0 

The types  of leak de tec t ion  systems which may be employed include the 
following: 

h 

- I n t e r s t i t i a l  monitors of double-walled tanks.  

- In-tank tes t ing equipment. 

- Systems which monitor t h e  excavation, such a s  U-tubes, vapor 
wells, observat ion o r  l i q u i d  sensing we l l s ,  and c o l l e c t i o n  sumps 
equipped w i t h  sensors .  

. Leak de tec t ion  i s  important a t  a71 underground 
s to rage  f a c i l i t i e s .  Even a small pinhole  l eak ,  i f  
undetected over a long per iod ,  can cause. s e r i o u s  
environmental con+camination. A l e a k  as small a s  
0.2 ga l lons  pe r  hour w i l l  r e s u l t  i n  a d ischarge  of  
1,750 ga l lons  per year .  

. .  



7- 2 

In addition t o  the use of leak detection systems, 
t a n k  operators should m o n i t o r  t h e i r  storage inven- 
tories daily and maintain detailed records of these 
inventsry control results.  

- 

6. In te rs t i t i a l  Monitoring i n  Double-Walled Tanks . 
Systems which monitor the . i n t e r s t i t i a l  space between t h P  walls.  of 

double-ual?ed tanks. using either pressure sensors or f lu id  sensors represent 
the best mode of continuous leak surveillance available. In such systems, a 

tank. Thus ,  the operator can be made aware of .the leak before stored pro- 
d u c t  has l e f t  the tank  and entered the envjronment. 

L 

L leak can be detected due t o  fa i lure  o f  only.  one of the two walls o f  the 

' I n  i n t e r s t i t i a l  leak monitoring systems, pressure sensors would b e  used . 

t o  mon i to r  tanks tha t  either have a -vacuum drawn i n  the space between the 
, tank walls, or-have that space pressurized. Failure o f  ei ther  the inner o r  

outer wall i s  detected by loss o f  vacuum sr pressure. Such systems are 
applicable i n  e i ther  wet or dry hole installations.  

- 

F l u i d  sensors, on the o the r  hand, would b e  located between the tank 
walls t o  detect the presence o'f liquid due t o  f a i lu re  of the inner wall 
(detecting an o u t f l o w  o f  product) o r  the outer wall (detecting an inflow of 
water). Such systems are mare applicable i n  wet hole installations where 
fai lure  o f  the outer wall will resul t  i n  t h e  presence of a fluid i n  the 
in t e r s t i t i a l  space. Because failure o f  t h e  outer wall can go undetected i f  
f l u i d  sensors are used i n  dry hole installations,  such  an application is not 
recommended i f  pressure sensors can be used instead. 

> 

I n  t h e  case of either type o f  interstitial monitoring system, i t  i s  
important tha t  the tank b e  constructed t o  allow f o r  free movement o f  f luids  
o r  gases i n  the space between the tank walls so t h a t  a leak anywhere i n  the 
tank can activate strategically located sensors. 



7- 3 

C. In-Tank Test ing Equipment 

0 .  

In-tank t e s t i n g  equipment, a s  shown i n  Figure 7-1, can be an e f f e c t i v e  
method of  l eak  de tec t ion .  Such a system usua l ly  consists of a probe perman- 
ently mounted i n s i d e  the tank which  continuously monitors the l e v e l s  o f  
product  and water i n  the tank. To a s su re  t h a t  a small continuous l eak  does 
not  go undetected,  such a system should be capable o f  de t ec t ing  any l e a k  
g r e a t e r  t han  two-tenths (0.2) ga l lons  pe r  hour, o r  roughly f ive (5) ga l lons  
per day, of  water  flow i n t o  the t ank  or product flow o u t  of the tank. , A n  
example of  such a system is  highl ighted i n  the box i n s e r t  below. 

. -  
. *  

In-Tank Sensing Equipment 

The TLS-150 gasol i ne t a n k  1 eve> ;;?mi ng system by 
Veeder-Root can ' ident i7y inventory lo s ses  and accu- 

. - r a t e l y  track fuel dispensing and d e l i v e r i e s  [Z]. 
When i n  i t s  inventory monitoring made, t h i s  system 
continuously monitors - the t a n k  and provides an 
hourly p r i n t o u t  of inventory changes. In add i t ion ,  
th i s  leak  de tec t ion  system can provide  an instan- 
taneous t a n k .  inventory-  report ,  which includes t h e  
fol'lowing: (1) da te  and time; (2)  level  of prod- 
uct; ( 3 )  volume of- product; (4) temperature of  
.the product;  and (5) the height  of t h e  .water 
leve l  i n  the tank. 

' 

Q. Excavation Monitoring. Systems. 

Su rve i l l ance  systems w h i c h  monitor f o r  product wh ich  has leaked i n t o  
the excavation can be  e f f e c t i v e  under.  many circumstances. These include 
U-tubes, vapor wells., observat ion o r  l i q u i d  sensing.  wel.ls, and c o l l e c t i o n  
sumps equipped w i t h  leak sensors.  The l eak  de tec to r  chosen f o r  a p a r t i c u l a r  
s t o r a g e  .system depends upon the nature o f  the pro.duct. and the hydrogeologic 
condi t ions.  o f  the excavation site. 

1. U-tubes 

A U-tube c o n s i s t s  o f  a 4 inch diameter (Schedule 40) PVC pipe i n s t a l l e d  
The horizontal  segment of t h e  pipe i s  ha l f - s lo t t ed  a s  shown i n  Figure 7-2. 

( t yp ica l  s l o t  s i z e  - 0.06 inches), wrapped w i t h  a mesh c l o t h  t o  prevent  

0 



FIGURE 7-1 

A TYPICAL IN-TANK TESTlNG SYSTEM 
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FIGURE 7-2 

EXAMPLE OF A U-TUBE INSTALLATION . 
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backf i l l  in f i l t ra t ion ,  and sloped (pitched) toward t h e  sump w i t h  a s lope  on 
t h e  order  o f  1/4 inch per  f o o t .  A t  the higher end of the pipe there is  a 90 
degree sweep t o  a v e r t i c a l  p i p e  t h a t  i s  extended t o  grade. A t  t h e  lower end 
o f  t h e  horizontal  pipe t h e r e  i s  a t e e  connection w i t h  a vertical pipe;  th i s  
vertical sec t ion  i s  extended t o  grade, and extended 2 feet below t h e  t e e  t o  
a c t  a s  a co l l ec t ion  sump. All ve r t i ca l  pipe sec t ions  are unperforated,  and 
the bottom o f  t h e  sump is sealed t o  be leak proof, A l l  openings t o  grade are 
provided w i t h  wa te r t igh t  caps capable o f  being sealed. 

* 

., 

These t u b e s  may be i n s t a l l e d  under each ,tank i n  an excavation, o r  
c e n t r a l l y  located i n  t h e  excavation. I n  either case,  t h e  excavation bottom 
m u s t  b e  sloped s l i g h t l y  (a minimum of 2/4 i n c h  per f o o t )  toward t h e  U-tube 
t o  permit c o l i e c t i o n  of any leaked material .  

The co l l ec t ion  sump o f  the U-tube m u s t  be equipped w i t h  a removable 
sensing device which is  capable o f  detec t ing  U8-inch o f  standing product o r  
a 1/8 i n c h  l a y e r  o f  p r o d u c t  on water. T h i s  sensin’g device must b e  i n s t a l l e d  
so as  t o  a c t i v a t e  an alarm which  is  s t r a t e g i c a l l y  located aboveground. Leak 

~ sens ing  devices a r e  discussed f u r t h e r  i n  Section 5 below. 

I f  t h e  vertical sec t ion  of t he  U-tube is designed as described above 
and shown i n  Figure 7-2, leaked or s p i l l e d  product can be r ead i ly  recovered 
from the c o l l e c t i o n  sump using stafidard equipment suck  as a 3 3/8-inch 
submersible pump. Construction of t h e  vertical sec t ion  i n  t h i s  manner a l s o  
permits easy sanp’ling o f  leaked material  t o  p i n p o i n t  the source of a leak.  
T h i s  may be necessary i n  s i t u a t i o n s  where two o r  more similar products a r e  
s tored ,  such as i n  an excavation housing both leaded and unleadedgasol ine.  

U-tubes can b e  used only i n  s i t u a t i o n s  where the excavation i s  above - - 
the high level mark o f  the groundwater t a b l e  (dry hole i n s t a l l a t i o n s ) ,  the  

on its walls and f l o o r ,  and the i n s t a l l a t i o n  is covered with,  a waterproof 
cap. I n  such cases ,  any leaked material  will eventurrlly f ind its way t o  t h e  
U-tube’s c o l l e c t i o n  sump, where i t  can b e  detected without  water inter- 

excavation has been provided w i t h  an impervious secondary containment l a y e r  d‘ 

,. ference. 

. . -. -. 
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2. Observation Wells 

Observation wells may be used t o  monitor f o r  leaks  from underground 
tank i n s t a l l a t i o n s  i n  a reas  of h i g h  groundwater, where the tank is l i k e l y  t o  
be  anchored i n  t h e  groundwater a t  l e a s t  occassionally during normal opera- 
t ion.  A diagram of an observation well i n s t a l l a t i o n  is  shown i n  Figure 7-3. 

9 .An  observation^ well, o r  l i q u i d  product sensing well, cons i3 ts  o f ,  a t  a 
minimum, a 4 i n c h  diameter (Schedule 40) PVC pipe placed i n  the  t a n k  excava- 
t ion.  The wel ls  a r e  constructed w i t h  a well screen long enough t o  provide a 
length of 5 f e e t  o r  more above the water t a b l e ,  o r  t o  t h e  well .cap, and 
extending a min imum o f  5 f e e t  i n t o  the groundwater o r  2 feet bel'ow t h e  tank . 

bottom, whichever is. grea te r .  Well screens typ ica l ly  have a s l o t  size of 
0.02 inches, and are extended t o  grade and covered with a water proof cap 
which  is capable of being sealed.  

. 

_. - 
As i s  t r u e  o f  .the v e r t i c a l  s e c t i o n  of t h e  U-tube, i f  observation welTs 

a r e  constructed a s  described above and shown i n  Figure 7-3, they can b e  used 
0 . f o r  l e a k  sensfng, d i r e c t  sampling, and product, (and contaminated ground- 

water'). recovery. ' .  When l eak  sensors  a r e  used, they must  be  capable o f  de- 
t e c t i n g  a .L/&3-incti l a y e r  .of the s tored  product on the groundwater su r face ,  
and they mus t '  i c t i v a t e  a '  s t r a t e g i c a l l y  loca ted .  aboveg.round alarm when that, 
product is detected. . 

. .  

. .  

The se l ec t ion  of 'the number and locat ion of observation wells i.n a 
p a r t i c u l a r  s to rage  system is  dependent upon the local  hydrogeology, i n -  
cluding parameters such as the  groundwater flow ,d i rec t ion .  ' The Department. 
recommends t h a t  any i n s t a l l a t i o n  using observation wells employ a t  l e a s t  two 
(2) wells i n  each excavation.. 

- 

3. Vapor- We1 1 s 
* 

A vapor .well is s i m i l a r  t o  an observation we11 w i t h  the exception t h a t  
i t  is intended f o r  the monitoring o f  vapors o r .odor s  f rom undergaound s to r -  
age systems. Such a well cons i s t s  of a 4 inch diameter (Schedule 40) PVC 0 

. . - . .- . . . . . . * .  I. . 
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pipe installed i n  the excavation w i t h i n  5 feet  of the tank. I n  dry instal-  
lat ions,  these wells extend t o  the containment l iner  on  the floor of the 
excavation. In wet installations they extend i n t o  the groundwater. 

The well screens i n  vapor wells should have a s lo t  size of 0.02 inches. 
I n  dry hole installations,  the screened opening should extend From the con- 
tainment volume floor t o  a heTght of' a t  l eas t  4 feet. I n  wet ho le  instal-  

o r  more above t h e  water table and should extend a minimum of 5 fee t  i n t o  the 
water table  o r  2 fee t  below the tank bottom, whichever i s  greater. 

1 lat ions,  t h e  well screen must be long enough t o  provide a length o f  5 fee t  

Vapor wells can b e  used only a t  uncontaminated sites.  Once product 
vapors have entered the well, they will remain there until their source has 
been removed (the leak has been pinpointed and repaired) and the well has 
been purged free of residual vapors. If the we17 cannot be purged,. the 
vapor well m u s t  be e i ther  re t rof i t ted w i t h  an alternate means of sensing 
leaked product,  o r  abandoned. A diagram of a typical vapor well i s  given  i n  
figure 7-4. 

4. Collection Sum& 
0 .  

. 

, 

.. 

L 

Collection sumps can be used i n  dry hole installations as a collection 
ir i mechanism which aids i n  leak detection. 3 

I n  th is  type of system, the f l o o r  of the storage excavation ( o r  secon- 
dary containment volume) is sloped a t  a rate  greater than o r  equal t o  1/8 
inch per f o o t  t o  a collection sump. This  sump shall be a t  l ea s t  2 fee t  deep 
and shall, be  extended to  grade via,  a t  a minimum, a 4 inch diameter (Sched- 
ule 40) PVC pipe, and covered w i t h  a waterproof cap. T h i s  extension i s  ' 

essentially an observat ion well hich i s  screened i n  the region of the sump. 
b e  equipped w i t h  a removable leak detec- 

t ion sensor w h i c h  is capable of detecting Va inches of standing product ,  
and activates a strategically located aboveground alarm when that product is 
present. If constructed as described above and shown i n  Figure 7-5, t h e  . 
Sump and well can also be used f o r  leak sampling and for the recovery Of 

leaked o r  spil led product. 

S A  -. The sump 
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5. Leak Sensors 

The types of sensors  s u i t a b l e  f o r  monitoring l eaks  from underground 
petroleum s t o r a g e  f a c i l i t i e s  include t h e  following: 

- Thermal Conductivity Sensors: These types of sensors. d e t e c t  
changes in t h e  thermal conduct iv i ty  of their  environment t o  d e t e y  
mine  i f  a l e a k  has occurred. They may be  used i n  e i t h e r  wet o r  
dry i n s t a l l a t i o n s ,  and a r e  p a r t i c u l a r l y  app l i cab le  f o r  the detec- 
t i o n  o f  hydrocarbons. 

- E l e c t r i c a l  Resistivity Sensors: These sensors  r e l y  on changes i 'n 
t h e  r e s i s t a n c e  of a wi re ' due  t o  exposure t o  the s t o r e d  product. 
They a r e  appl icable  f o r  e i t h e r  wet o r  dry i n s t a l l a t i o n s .  

- Gas Detectors: These types of sensors  a r e  genera l ly  app l i cab le  i n  
areas o f  permeable s o i l  o r  b a c k f i l l ,  and a r e  p a r t i c u l a r l y  appl i -  
cab le  i n  i n s t ances  where t h e  s t o r e d  p r o d u c t  i s  highly v o l a t i l e  and 
the excavation i s  dry ( f r e e  o f  groundwater). 

Another opt ion i n  the case of U"t.ubes, observation weTls, and co.llec- 
t i o n  sumps is d i r e c t  sampling. While more accurate., t h i s  op t ion  is much 
more expensive than the  use of s enso r s ,  and a s  such is  only employed i.n I 

ins tances  where it i s  necessary t o  p inpo in t  the source of  a l eak  (e .g . ,  i n  
an i n s t ance  where t a n k s  conta in ing  s i m i l a r  b u t  d i f f s r e n t  products., such a s  
leaded and unleaded gasol ines ,  a r e  loca ted  i n  t h e  same excavation).  

- 

When thermal conduct iv i ty  and e l e c t r i c a l  r e s i s t i v i t y  sensors  are used, 
the leve l  of accuracy i s  important. Such sensors  must  be a b l e  t o  d e t e c t  
1/8-inches of  s tanding  product,  o r  a 1/8 i n c h  l a y e r  of product on t h e  
ground water  surface. 

More information on the advantages and drawbacks of  the var ious  types 
o f  sensors  descr ibed above is a v a i l a b l e  i n  t h e  Department manual Technolog,y 
f o r  t h z  S to raqe  - of Hazardous Liquids, State-of-the-Art Review [3]. -- 



E. Inventory Monitoring 

Detection of leaks  i s  f a c i l i t a t e d  by proper product accounting (record- 
keeping), r egu la r  inspec t ions  of the v i s i b l e  p a r t s  of the product handling 
system, and prompt recogni t ion  of t h e  condi t ions  t h a t  . ind ica te  l eaks  i n  

widely app l i cab le  t o  any s t o r e d  o r  t ranspor ted  product. 

0 

- underground tanks and piping. Inventory monitoring is a technique t h a t ,  i s  

, 
Evidence of leakage from buried tanks and ,p ipe l ines  can be gathered 

from inventory control  records and from abnormal opera t ion  of  pumping equip-  
ment. The fol lowing a r e  some of the t h e  more obvious symptoms of such. leaks: 

.I 

0 .  

r 

* 

- Loss o f  product i n  a tank during per iods when product i s  not  d i s -  
'pensed usua l ly  i n d i c a t e s  a leaking  tank ,  bu t  might a l s o  i n d i c a t e  
f a u l t y  accounting o r  meter ing o f  t h e  product,  thef t ,  o r  extreme 
temperature change. 

An unaccountable inc rease  . i n  water  i n  an underground t a n k  may b e  
caused by a leak i n  the t a n k  i f  t h e  ground surrounding i t  is . 
sa tura ted .  Under such circumstances, water may l e a k  i n t o  t h e  tank 
in s t ead  o f  product leaking out.  The inc rease  i n  water may a l s o  be  : 

and the.se should b e  exam- . - I  . 
.ined and made water t ight , ,  IT necessary,  before conc,luding t h a t ' - t h e  , .  

t ank  is a t  f a u l t .  

- Increas ing  d i f f e rences  between the amount o f  product received and 
dispensed may i n d i c a t e  a meter c a l i b r a t i o n  problem, thef t ,  o r  a 
leak i n  t a n k s  o r  piping. 

- Where - f i l l  boxes a r e  loca t ed  remotely from t h e  tanks, di . f ferences 
appearing cons i s t en t ly  between t h e  amounts. invoiced and' the t a n k  
gauges after d e l i v e r i e s  may i n d i c a t e  a leak  i n  t h e  remote . f i l l  
line. I n  such event ,  the l i n e  should be t e s t ed .  

- A h e s i t a t i o n  i n  t h e  de1,ivery f r o m  a s u c t i o n  pump may i n d i c a t e  a 
l e a k  i n  t h e  suc t ion  piping,  although such hes5 ta t ion  may a l s o  be 
caused by a l eak ing  f o o t  valve o r ,  . i n  warm weather; by vaporlock. 
Should t h i s  occur ,  the inventory cont ro l  records may indicate 
whether the cause is  mechanical o r  .whether p roduc t  is a c t u a l l y  
be.ing l o s t .  

I n  a remote pumping system, pump opera t ion  without  p,roduct del.iv- 
ery may i n d i c a t e  a leaking pipe.  

.~ - 

caused by a l eak ing  gauge o r  f i l l  cap, .. - 
. .  

. -~ 

- 
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The Department recommends t h a t  any b u l k  s torage inventory monitoring 
program include measurements o f  t he  f a7  lowing items: 

. 

, 

- The level of product i n  each tank. . ' 

- The 'level of water i n  each tank. 

- Product s a l e s .  

- Deliveries t o  and draw-off from each tank. 

These items should be measured and recorded a t  l e a s t  once per day, and 
daiiy records should be maintained of gains  o r  losses  based upon these mea- 
surements. These records should be maintained and kept  on t h e  premises f o r  
a t  l e a s t  5 years .  - 

Inventory control  measurements may be made by gauge, gauge s t i c k ,  o r  by 

readout from an automatic gauging system such a s  the Veeder Root system 
described i n  Section C above. Guidance on tank gauging i s  ava i l ab le  i n  A P T  
Publ icat ion 1621, Recommended Prac t ice  -- f o r  B u l k  Liquid - Stock Control - a t  
-- Retail  0 u t l e t s  [&I, and from t h e  New York S t a t e  Association o f  Servics  
S t a t i o n s  (51. 

Whatever inventory monitoring system is used, t h a t  system should be 
capable of de tec t ing  a change (usua l ly  an increase) i n  the  tank water leve l  
exceeding Z i n c h  on a day w i t h  no delivery, o r  apparent product losses 
exceeding one of the following: 

- 

- 0.7% of product s tored .  
- 7.5 gal lons per  1000 ga l lons  delivered. 

. 
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CHAPTER 8: 

TIGHTNESS TESTING FOR STORAGE SYSTEMS 

Storage system tightness t e s t s  must be per- 
formed on a regular basis, and must incor- 
porate equipment and procedures which  have 
been approved by the Department. 

A. Introduction 

In many instances, the contamination caused by. leaking underground 
storage tanks o r  p i p i n g  has. gone undetected for months o r  even years, a t  
which p a i n t  i t  has become widespread, and very d i f f i c u l t  and expensive to  
correct, Such situations should be avoided. Regular testing‘and inspection 
of underground, tanks and piping provide Cor early detection should such 
leaks occur. T h i s  chapter presents recommended’ practices and guide1,ines for  
inspection (or  prel.iminary testing) ..and final testing o f  underground storage 
systems. 

r 

E. Tnspections of Underqround Tanks 

The inspection techniques which are recemmended and described in this  
section are  essentially screening techniques (often called preliminary 
tes t s )  which can be used t o  develop a gross determination of the tightness 
and integrity of underground storage system components. The purpose of 
these techniques or t e s t s  i s  two-fold: (1) to  detect existing leaks i n  the 
tank or its associated p ip ing ;  and (2) t o  avoid sudden fa i lure  of the tank 
while i n  service by performing tests to  determine tightness and integrity. 
These inspec t ion  techniques include the following: 

- Inspections prior t o  backfilling. 
- Checking tank bottoms, 
- Checking for  water i n  tanks. 
- Inspection of cathodic protection systems. 



1. Inspections Pr ior  t o  Backfilling 

The inspection of a storage tank system p r i o r  t o  backfilling is an 
essential component o f  a comprehensive storage system installation proce- 
dure. The inspection of an FRP tank installation should include, a t  a 
m i n i m u m ,  soap t e s t s  of tanks i n  place p r i o r  t o  backfilling. Soap tests 
involve applying a soap s o l u t i o n  t o  the external surface o f  the tank, pres- 
su r i z ing  i t  t o  a pressure of 3 o r  5 ps ig ,  and inspecting the tank closely 
for  bubbles which  would indicate a i r  leaks. The choice of  the t e s t  pressure 
level is dependent upon the s ize  of the tank a5 delineated i n  Chapter 1. 
The tank should be capable of maintaining the t e s t  pressure for a t  least  one 
hour .  

2 

, 

The inspection of a steel  underground tank p r i o r  t o  backfilling should 
include, a t  a minimum, soap tes t s  of t h 9  tank i n  place, spark tes t s  o f  the 
exposed external coat7ng;and inspections of the cathodic protection system 
t o  ensure proper connection (wiring) and operation.? 

' 2. Checkinq Tank Eattoms 

. . . -  
Experience has shown' t ha t '  many. steel  tanks develop leaks i n  a narrow 

band along t h e  bottom. This often,  occurs because. small amounts of  water 
condense o u t  o f  the stored liquid and s e t t l e  . .  a t  the bot tom o f  the t a n k .  
T h i s  phenomenon can result .  i n  internal corrosion of the tank. 

This  internal corrosion will often be aggravated under the tank's f i l l  
tube o r  gauge ho7e as  protective rust i s  removed by liquid f l o w  against the 
tank bottom o r  the impact and movement of the gauge s t ick,  e i ther  of which 
could lead t o  localized corrosion. L iqu id  flow through f i l l  t u b e s  and the 
action of gauge sticks can also lead to localized wear i n  fiberglass- 
reinforced plast ic  tanks, ultimately resulting i n  leaks. 

- Î 

.s 

The Department recommends that  preliminary t e s t s  o r  inspections be , 

conducted a t  least  twice per year using the techniques outlined below t o  
test f o r  the presence of large leaks i n  the bot toms o f  underground storage 
tanks. Due t o  other variables which are discussed later, these preliminary 

I) 
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. storage system is  n o t  used, then the tank should be. checked regularly f o r  
' the presence of water and the level of that 'water. For example, the water .  

t e s t s  are only useful i n  detecting the presence of large leaks. The fa i lure  
t o  find a leak using these techniques does.ndt indicate that  a tank i s  
completely leak-free, b u t  i f  they do reveal a leak, a more conclusive (and 
.more expensive) t e s t  becomes unnecessary. 

0 ' 

deliveries and inventory checks, by using a water-finder paste smeared on 
the bot tom p o r t i o n  of t h e  gauge stick. An unaccountable increase i n  the 
water level may indicate a tank leak, especially. if the increase Occurs 

Checkinq Under' Tank Openings. The Department recommends tha t  tank 
owners and operators inspect the are'as under the openings of the i r  under- 
ground t a n k s ,  such as the  areas under the f i l l  and gauge tanks. A rela- 
t ively easy method of testing f o r  large leaks i n  these areas i s  t o  construct 
a probe by d r i v i n g  a finishing nail i n t o  the end of a gauge s t i ck ,  leaving 
about 3/4 i n c h  protruding. T h i s  gauge s t ick  can then b e  use'd t o  check for a 

' fa i lure .  i n  the tank bottom under the f i l l  and gauge tubes by probing or 
"feeling" the tank bot tom w i t h  the nail head. T h i s  t e s t  requires a tech- 
nique t h a t  i s  quickly learned, and i t  can be successful i n  identiiying large 
leaks. 

~ 



is  due t o  a faulty tank, the f i l l  cap, i t s  seal ,  and other connections 
should be checked to&sure that they are performing properly. 

If a t e s t  of th is  type o r  a continuous water moni tor  indicates t h a t  a 

significant amount o f  water i s  present (e.g., above the pump o r  pump suction 
pipe), the tank should b e  tested for leaks us ing  a more definitive (final)  
tes t .  

. 
4. Inspection of Cathodic Protection Systems ' 

When a steel  tank and/or associated piping is  equipped w i t h  cathodic 
protection, inspection and maintenance o f  the cathodic protection system is  
essential t o  ensure long-term effectiveness. I n  the case of an impressed 
current system, the f l o w  of current may f a i l  because of anode deterioration, 
broken lead wires, r ec t i f i e r  malfunction o r  interruption of power. Impres- 
sed current r ec t i f i e r s  should be checked monthly and adjusted as needed [4]. 
The o u t p u t  of r ec t i f i e r s  should be monitored Li i th  a voltage or current 
indicator. A t  l eas t  once a year, tank-to-soil potential measurements must 
be taken t o  check the  adequacy o f  protection and determine if any r ec t i f i e r  
adjustments are needed [4]. ' - 

- 

The cathodic protection system m u s t  produce a structure-to-soil voltage 
of a t  l ea s t  -0.85 volts as measured on the tank a t  the most distant p o i n t  
from t h e  anode by a copper-copper sulfate reference half-cell (o r  equivalent 
half-cell reference). The -0.85 voltage must be monitored annually and 
mantained f o r  t h e  ' life o f  t h e  tank.  I f  the structure-to-soil potential i s  

less negative than -0.85 v o l t s ,  the cathodic protection must be restared t o  
that  level ,' o r  the tank mus t  be tested for tightness annually. 

. 

. -  Galvanic cathodic protection systems are also susceptible t o  system - 
failure, due t o  such phenomena as the loss of  tank o r  p i p e  coatings, broken 
wires, and short-circuited e l ec t r i c  insulators. I n  these types of cathodic 
protection systems, measurements of tank-to-soil potential and anode output 
should b e  made semi-annual ly. 

I 
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C. Final o r  Precision Tests 

The Oepartment will approve only tightness 
tes t s  which are a "precision test" o r  "final 
tes t" ,  as defined by the National Fire Prptec- 
t i o n  Association i n  NFPA 329, Underground 
Leakage of Flammable and Combustible L i q u i d s  
ell ' 

Any final tes t  technique which is used t o  determine the tightness of an 
underground storage. system must f i r s t  be approved by the Department. -The 
t e s t  m u s t  be able t o  determine conclusively whether o r  n o t  an underground 
storage tank i s  leaking. T h i s  means that  the  . tes t  must'be capable of accur- 
ately detecting .a tank o r  piping.  leak as smal'l as 0.05 gallons per h o u r  
(gph), adjusted for a l l  variables; such as the following: 

.~ 

- The presence of vapor pockets-. 
,- Thermal expansion o r  contraction o f  the product'. -. 

- Temperature s t ra t i f icat ion in the tank. . 

- Evaporation. , . . .  

- Pressure variations i n  the tank. 
- . The deflection of tank ends. 

0 -  

. . A l l  of these variables can affect  the volume of liquid i n  the t a n k ,  and can 
therefore act  t o  d i s t o r t  leaK measurements' as discussed below. 

. 1. The Effect o f  Temperature 

Liquids expand w i t h  an increase i n  temperature and contract w i t h  a 
decrease i n  temperature. For example, a temperature increase of only 0.02OF 
is one h o u r  i n  a 6000 gallon tank would cause a volumetric change of 0.072 
gallons, which  exceeds t h e  0.05 gph leak rate that  i s  considered t o  indicate 
a leak. If such a temperature change was n o t  accounted for during a t i g h t -  
ness test, a leak could be masked by thermal expansion, o r  thermal COntraC- 
t i o n  could lead t o  a leak indication where no leak exists. 0 
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Another temperature e f f e c t  that  must be recognized and accounted f o r  is  
temperature s t r a t i f i c a t i o n  o r  layering. . For example, temperature may vary 
w i t h  depth i n  an underground tank, p a r t i c u l a r l y  i n  a case where cool product 
has b e m  added t o  warm product that  i s  already i n  the tank. 

2. The Effect of Pressure - 
W i t h  most f i n a l  o r  precis ion t i g h t n e s s  t e s t s ,  measuring very small vol- 

umetric changes i n  a s torage  t a n k  requires  t h e  f i l l i n g  of t h a t  tank t o  a 
po in t  above grade where volumetric measuring equipment can be  used. T h i s  
increase i n  h e i g h t  of l i q u i d  increases  the  pressure in s ide  the tank over the 
normal operat ing pressure.  

1 

For example, i n  a 6 f t .  diameter t a n k ,  the  average pressure on t h e  end 
o r  "head" of a t a n k  f u l l  of typ ica l  gaso l ine  i s  .98 pounds per square inch. 
If the tank i s  buried 3 f t .  below grade ( a s  i s  typ ica l  f o r  most gasol ine 
tanks), the average pressure on t h e  heid.wi11 increase t o  approximately 2.95 
pounds per  square inch' (ps i )  when the f i l l  p i p e  and standpipe a r e  f i l l e d  t o  
3 f t .  above grade f o r  a t i gh tness  test. The increase of approximately 1.95 
psi  i n  p ressure  exe r t s  an addi t iona l  force  on the ends o r  "heads" of t he  
t ank  of about 8,000 pounds. 

0 

This  increase i n  pressure can r e s u l t  i n  de f l ec t ion  of the heads o r  ends 
of the tanks.  Under normal, unrestrained condi t ions,  such a s  m i g h t  occur i f  
the t a n k  were aboveground and its ends were not  supported,  i t  i s  poss ib le  t o  
c a l c u l a t e  the exac t  increase i n  .volume assoc ia ted  w i t h  a given pressure. 
However, when tanks are located underground, they a r e  subject t o  v a r i a t i o n s  
i n  support  from t h e  surrounding s o i l ,  and it i s  not  poss ib le  t o  p red ic t  how 
much movement w i l l  take place. Very s o l i d  s o i l  may provide c lose  t o  f u l l  
support, bu t  normally s o i l s  will  consol ida te  t o  some degree,  p a r t i c u l a r l y  i f  
they a r e  wet, thereby allowing tank expansion and end def lec t ion .  

* 

c 

Extensive tests have shown tha t  s i g n i f i c a n t  volumetric increases w i l l  
OCCUT when increases  i n  pressure of t h i s  type take place during a t i g h t n e s s  
test. Table 8-1- shows the apparent l o s s  0: product due t o  varying degrees 
of  tank end def lect ion.  It is important t h a t  any f i n a l  o r  precis ion test 
that i s  used take  t h i s  phenomena i n t o  account t o  avoid erroneous r e su l t s .  

e 

- . ~.. . -  . . . .. , - 



TABLE 8-1 

Apparent Loss O f  Product Volume Oue t o  
Force on Tank Ends - In Gallons 

~ Tank Diameter Outward Oeflection a t  Center of Head i n  Inches 
(inches) 1 

7 

48 .49 -98 1.47 1.95 2.44 2.93 3.42 

64 -87 1.74 2.61 3.48 4.35 5.22 6.10 6.97 - 
72 1-10 2.20 3.31 c 4.41 5.51 6.62 7.72 8.82 11.0 

84 1.50 3.00 4.50 6.00 7.50 9.00 10.50 12-00 15.0 18.0 21.0 

96 1.96 3.91 5.87 7.82 9.77 11.75 13.70 15.65 19.6 23.5 27.4 31-3 

102 2.21 '4.42 6.65 8.25 11.06 13.30 15.50 17.70 22.6 26.6 31.0 35.4 

3.06 6.12 9.18 12.25 15f30 18.40 21.-40 24.50 30.6 36.7 42.8 49.0 120 . .  
~ 

Source: NFPA 329, Underqround Leakage o f  Flammable and Combus- 
t i b l e  Liquids, [2]. 



3. Final Test Frequency and Recordkeeping 

A "precision" o r  "final" t e s t  should be conducted according t o  the 
schedule presented i n  Table 8-2. T h i s  schedule i s  a simplified version of 
the requirements of the Bulk Storage Code, and should be used as a rule-of- 
thumh reference only. The B u l k  ,Storage Code also requires reporting t e s t  
results t o  the Department w i t h i n  30 days on forms designed for  tha t  purpose. 

The tank owner/operator should keep t e s t  results on the premises perma- 
nently, b u t  records should be  kept for a t  least  f ive years. 

- 
4. 

t ha t  

Types of Final Tests 

There g-e several types. of tank testing procedures currently 
meet the Department's c r i t e r i a  for a final o r  precision test. 

i n  use 
Some o f  

these techniques also apply t o  detecting leaks i n  pipelines. For  more 
information, please refer t o  the Deparfment document en t i t l ed  Technology for I 

the Storaqe ' o f  Hazardous L i q u i d s ,  A State-of-the-Art .Review [3]- 

0. Pipeline Tests 

Recamendations for pipeline testing before the p i p l i n e  has been placed 
i n  service are given i n  Chapter 3 of th i s  manual. 

Pipelines should be tested whenever precision testing i s  done on tanks, 
since the equipment will already be on hand. 

Leaks i n  pressure piping can largely be eliminated by t h e  use of pipe- 
l i ne  leak detectors, as long as they are operating property. These detec- 
tors should be tested fo r  proper operation a t  l eas t  semi-annually. .. 

Pipeline leak detectors have an internal hydraulic c i r cu i t  w h i c h  t e s t s  .. 
the delivery l ine  for a drop i n  pressure each time the dispenser i s  used. 
If t h e  line pressure has dropped, the detector will s h u t  off product flow. 
T h i s  detector action is automatic and requires no decision on the par t  o f  . 

the dispenser user. Pipeline leak detectors are discussed in greater detail  
i n  Chapter 2 o f  t h i s  manual. 
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TABLE 8-2 

Tank Testing Schedule 

10 .. Category A: Unprotected s t e e l  tanks -- t e s t  % years  a f t e r  i n s t a l l a t i o n ,  
and yea r ly  the rea f t e r .  

the B u l k  Storage Code -- t e s t  15 years  a f t e r  i n s t a l l a t i o n  and 
yea r ly  t h e r e a f t e r ,  unless the system has a l e a k  monitoring 
system i n s t a l l e d .  Leak t e s t i n g  can be waived f o r  systems w i t h  

Tanks i n s t a l l e d  according t o  t h e  B u l k  Storage Code w i t h  one of 
the monitoring systems described i n  Chapter 7 o f  t h i s  manual -- 
no t e s t i n g  i s  required. 

P Category 8: Corrosion r e s i s t a n t  tanks i n s t a l l e d  p r i o r  t o  the enactment of 

. 
-* monitoring. 

Category C: 

Common Corrosion Resis tant  Tanks 

FRP .tanks 
Cathodically protected s t e e l  tanks 

FRP-clad s tePl  tanks 
Daub 1 e-wal 1 ed tanks 

Common Nonitorino Systems 

Monitoring Well, preferably one w i t h  

Double-walled tank system 

. 
product sensor  -- s u i t a b l e  f o r  r e t r o f i t  

- .  Monitoring of secondary containment 
using one of the following types o f  'containment: . . 

- A v a u l t .  - An excavation liner. - A trough l i n e r .  - A "bagged" tank. 



Y ..v 

Leaks i n  suc t ion  systems become evident i n  t h e  course o f  normal oper- 
. . a t ions .  I t  needs emphasis t h a t ,  as  s t a t e d  i n  the  B u l k  Storage Code, "A  

f a c i l i t y  employing a suct ion pumping system m u s t  not be  equipped w i t h  a 
check valve,  such a s  a union check valve,  except a t  t h e  t a n k  end of the 
piping system." These check valves can mask the loss of prime experi- 
enced when a s u c t i o n  l ine develops a leak. 

[l] 

e 



8-11 

I .  

REFERENCES 

1. 

2. 

3. 

4. 

3 .  

The B u l k  Storage Code 

National F i r e  Protect ion Associat.ion, Underground Leakaqe of Flammable 
and Combustible Liquids, NFPA 329, National Fire Pro tec t ion  Associa- 
t i o n ,  Batterymarch Park, Quincy, MA 02269, 1977. 

New York S t a t e  Department of Environmental Consewation, Technology f o r  
the Storage o f  Hazardous Liquids, A State-of-the-Art Review, New York 
S t a t e  Department of Environmental Conservation, 50 Wolf Road, A1  bany, 
NY ~ 2 3 3 ,  1.983. 

Fi tzgera ld ,  J.H., "Corrosion Control . for  Buried Service S ta t ion  'Tanks," . 
Paper No.. 52, The In te rna t iona l  Corrasfon Forum Devoted Exclusively t o  
the Protect ion and Performance o f  Materials ,  April 14-18, 1975, Tor- 
onto,  Canada, National Association of Corrosion Engineers, Publ icat ions 
Oepar"Lment, 1440 South Creek, Houstan; TX 7.7054. 

National Fire Protect ion Association, Flammable and Combustible Liq- 
- u i d s  Code, NFPA 30, National F i r e  Protect ion Association, Batterymarch 
Park, Q u i n c y ,  MA 02269, 1980. 

.. 

- 

- 

.. - -. _. ... " - .. . . . .  ~ 



s-1 

CHAPTER 9: 

OVERFILL PROTECTION AEiD TRANSFER SPILL PREVENTION 

The recommended p r a c t i c e  f o r  prevent ion o f  
o v e r f i l l i n g  and t r a n s f e r  s p i l l s  is the use o f  
automatic systems which  s h u t  o f f  the del ive.ry . 
of product when t h e r e  is an impending eve+ ' - .  
f i l l ,  and the use of dry-disconnect coup.lings 
t o  prevent t r a n s f e r  s p i  11 5.  

- 

A . .  Over f i l l  Prevention Systems 

O v e r f i l l i n g  and product t r a n s f e r  s p i l l s  a r e  t h e  most common sources  of 
s p i l l a g e  i n  underground bulk s to rage  facil i t ies.  I t  is common.. practice t o  
f i l l  s to rage  tanks without  an automatic means to. prevent.  o v e r f i l l i n g .  
Without such .  p ro t ec t ion ,  i t  i s  just -;I matter o f  time b e f o r e  an o .ver f i l1  
i n c i d e n t  o r  product s p i l l  occurs. TO avoid these types of  acc iden t s ,  i t  is 
necessary t h a t  tank owners i n s t a l  1 and use ove r f i  11 'prevention s y s t e m .  a 

. .  

The best o v e r f i l l  prevention systems conta in  t h z  .fol.iowing el'ements: 
- .  

- A high leve l  alarm, which.warns t h e  opera tor  of  an impending over- 
f i 1 1 condi t ion  . .  

. 

- An automatic 'shutoff device which prevents o v e r f i l l i n g  from occur- 
r i n g  

- In te r locking  of the unloading process  and the o v e r f i l l  prevent ion 
system sa t h a t  t a n k  loading cannot take  p l ace  i f  t h e  o v e r f i l l  
system is i nope ra t ive  

- Bypass prevent ion so t h a t  the overfi l l  prevention system cannot be 
overridden. 

-. 

The level gauge should be accurate t o  w i t h i n  one-half (3) i n c h ,  and 
should b e  e a s i l y  v i s i b l e  t o  the ope ra to r  i n  the cont ro l  room. Audible 
alarms o r  ind iv idua l  visual alarms such a s  i n d i c a t o r  l i g h t s  a r e  a l s o  needed 
t o  p inpo in t  the impending overfi1'1 s i t u a t i o n .  'These alarms should b e  

mounted so t h a t  they can e a s i l y  be heard and/or seen by t h e  cont ro l  ope ra to r  
during f i l l i n g  operat ions.  Table 9-1 1 is ts  var ious  types of cont ro l  gauges. 
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TABLE . ,  9-1  

Level Detection Oevjces f a r  Underground Storage Tanks 

Monitors Type of Alarm and . 
Liquid Level Shutoff 

Type ' Level ' Indica t ion  Reponse 

F loa t  Actuated Devices 
Tape f l o a t  gauges Yes , '  . Gauge In t e r f aces  w i t h  

.- 
e l e c t r o n i c  o r  pneu- 

F loa t  v e n t  valves 

Capacitance devices 

NO 

Yes 

Thermal cqnducti v i t y  
devices 

U1 t r a s o n i c  devices 

i 

Optical devices 

Yes 

Yes 

Yes 

rnatic controls .  

None Automatic Shut-off 

Gauge Audible alarm and 
automatic s h u t - o f f  
e l e c t r o n i c  controls .  - 

- 
Gauge Audible alarm and 

automatic shutof f  
e l e c t r o n i c  controls .  

Gauge Audible alarm and 
automatic shutoff  
e l e c t r o n i c  cont ro ls .  

Gauge Audible alarm and 
automatic shutof f  - 

. e l e c t r o n i c  controls .  - 
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.> 

. -  

The concept of having separate and dis t inct  levels of indication, 
alarm, and shutoff provides a versati le system of response t o  the overfi l l  
threat. Although i t  migh t  seem that  such a sophisticated system is  p r o h i b i -  
t ively expensive, i t  is certainly warranted i n  most  situations. 

Recognizing that the best overfi l l  prevention system may he p r o h i b i -  
t ively expensive for many underground storage f ac i l i t i e s ,  the following are’ 
t h e  minimally recommendable systems for overfi l l  preventian a t  underground 
storage tanks. 

j i  

1 

! 

I 

z ... 

MINIMAL REQUIREMENTS .FOR OVERFILL PREVENTION SYSTEMS 

On tanks which are f i l l e d  by gravity f l o w  from the 
product delivery vehicle, t h e  vent l ine must be 
equipped w i t h  a f loa t  vent valve or similar device. 

On tanks which receive product under pressure from 
t h e  product delivery vehic-Te, the tank must be’ 
equipped w i t h  a combined audible/visuaT’ h igh  level 
alarm mounted i n  a location that  i s  bo th  visible. , 

and audible to  t h e  delivery vehicle operator. - 
, 

- .  

Float vent valves are simple devices, as shown i n  Figure 971. When 
installed properly ( i n  t h e  tank vent l ine) ,  t h e  f l oa t  will block the v e n t  
l ine  when a h i g h  liquid‘ leve’l is attained, thereby preventing the escape of 
air  from t h e  tank. T h i s  action causes the pressure  inside^ the storage tank 
t o  equalize w i t h  t h e  discharge head i n  the delivery’vehicle, thereby i n t e r  
rupt ing  the flow o f  l i qu id .  

ea’ 
pressure re l ie f  bleed hole. Once 

., t h 2  delivery 
t r u c k  f i l l  val.ve Then, as vapor escapes through t h e  f loa t  v e n t  
valve bleed hole, the l i q u i d  remaining i n  the f i l l  l ine  can drab i n t o  t h e  
storage. tank. 

l a  shu t .  

Float vent valves must  be  installed i n  a extractable t e e  connection 
which is extended t o  grade. T h i s  permits’ easy removal of t h e  f l oa t  Vent 
valve when the t a n k  is t o  b e  tested for leaks. These valves are normally 



.. 

FIGURE 9-1 

FLOAT VENT VALVES 

FLOAT VENT VALVES USED F O R  ' 

OVERFlLL PREVENTlON 

OPW 53-vss OPW 53-PC 

SOURCE: OPW OIVISIOMIDOVER GORP. 

..- 

- .. . . 
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i n s t a l l e d  i n  conjunction w i t h  yapor recovery equipment. R e t r o f i t t i n g  is 
r a r e l y  a problem. 

8. Transfer  S p i l l  P revwt ion  Systems 

r 

!V 

A l l  l i q u i d  t r a n s f e r  equipment (hoses,  piping)  
m u s t  conta in  valves which c l o s e  au tomat ica l ly  
and provide a d ry  disconnection when t r a n s f e r  
hoses o r  pipes  a r e  disconnected. Such valves  
m u s t  be loca ted  on both the discharge and 
r ece iv ing  ends of the t r a n s f e r  coupling [l]. 

The use of t i g h t  couplings i s  essential t o  prevent s p i l l s  when t r a n s -  
f e r r i n g  hazardous l iquids .  Many types of couplings a r e  ava i l ab le .  However, 
the Department recognizes that  dry-disconnect couplings ar2 the best t y p e  of  
coupling a v a i l a b l e  i n  terms o f  product spi l l  con t ro l ,  and recommends them 
f o r  us2 i n  a l l  product t r a n s f e r  operat ions.  Dry-disconnect coupl ings a r e  
equipped with a s p r i n g  loaded valve which is  normally closed u n t i l  t he  
coupling i s  a t tached  and the valve is manually opened wi th  a lever .  The  
d i f f e r e n c e  between the performance of dry-disconnect coupl ings and t h a t  o f  
o t h e r  types of  quick-disconnect couplings i s  discussed i n  further d e t a i l  i n  
t h e  Department manual e n t i t l e d  Technoloqy f o r  the Storaqe  of  Hazardous 
Liquids,  A State-of- the A r t  Revjew [ Z ] .  Figure 9-2 shows t h i s  d i f f e r e n c e  
p i c t o r i a l l y .  

. 
” 

I n  some metropol i tan a reas  of New ’fork S t a t e ,  vapor recovery systems 
have been mandated and a r e  being i n s t a l l e d .  Ther-e are’ three types  of sys- 
tems i n  use, and iwo of  the three a r e  compatible w i t h  t h e  use of  dry- 
disconnect  coup1 ings.  The coaxial  vapor recovery system combines t h e  prod- 
uct delivery r e t u r n  l i n e s  i n t o  one coupling. Dry-disconnect couplings a r e  
not  a v a i l a b l e  for t h i s  system a t  the p r e s e n t  time. The other two systems 

,. use sepa ra t e  f i l l  and vapor r e tu rn  l i n e s  which  would’not prec lude  t h e  i n -  
s t a l l a t i o n  of dry-disconnect couplings. 

L.‘ 

To prevent product mixing, c o l o r  coding of product  types i s  recom- : mended. Also, the use o f  d i f f e r e n t  couplings f o r  d i f f e r e n t  product types 



FiGURE 9-2 

TYPES QF COUPLINGS 

1. O R D I N A R Y  QUICK DISCONECT 

2. Q U I C K  DS3CONPrEC? PLUS BALL V A L V E  

3. DRY D1SCOPIMECT 

SOURCE: QPW D I V I S I O H I D O W E R  C0,RB.  



can prevent  product mixing. 
delivery hose simply cannot be  connected t o  t h e  wrong tank. 

A sys t ez  can t h u s  be devised whereby a product 

C. Operating P rac t i ces  

Certain. opera t ing  p r a c t i c e s  a r e  recommended t o  prevent  ove r f i  11 ing  of 
t anks  and t o  limit the l i ke l ihood  o f  t r a n s f e r  sp i l l s . .  These inc lude  the 
following: 

Loading and unloading of vehic les  should be done only , i n  approved 
loca t ions .  

The d r i v e r ,  opera tor ,  o r  a t t endan t  o f  any de l ive ry  'vehicle  should 
not  leave  the veh ic l e  unattended during t h e  loading o r  unloading 
process. The de l ive ry  hose. when a t tached  t o  the. veh ic l e ,  should 
be  considered t o  be a p a r t  o.f that vehicle .  

.When t r a n s f e r r i n g  flammable l i qu ids ;  motors of d2 l ivery  vehic les  
and motors o f  a u x i l i a r y  o r  po r t ab le  pumps should be s h u t  o f f  
during the making o r  breaking of hose c6nnections. If loading o r  
unloading does not  r equ i r e  t h e  use o f  the de l ive ry  v e h i c l e ' s  
motor; the motar should be  s h u t  o f f  throughout the l i q u i d  t r a n s f e r  
operat ion.  

Labels,  markings, o r  co l .or~ .codes  should be  used on a l l  couplings 
and hoses t o  prevent acc iden ta l  mixing of  incompatible l i qu ids .  

All  t r a n s f e r  hoses should be inspected p e r i o d i c a l l y  f o r  .leaks. 

- 
. .  

Any o p e r a t o r  of  a loading o r  unloading 'operat ion should be pro- 
p e r l y  t r a i n e d  and should be aware o f  o f  all p o t e n t i a l  problems. 

... 
.. . - .. . 
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MAKUALS IN NEW YORK STMES BULK STORAGE PROGRAM 

This manual contains the Department's recommended practices for underground 
petroleum siorage. Guidance includes: ( I )  the design of tanks and piping systems; (2) the 
installation of underground storage systems; (3) secondary containment: (4) leak detection; 
(5) overfill protection and transfer spill pre\ention; (6) storage system tightness testing; (7) 
storage tank rehabilitation; and (8) the closure of underground storage facilities. T h i s  
manual is intended for engineers, inspectors and owners who are designing or upgrading. 
their underground facilities for leak and spill prevention. 

Much of the latest information on the equipment available for storing and handling 
hazardous liquids may be found in Technology for the Storage of Hazardous Liquids :,A 
State-of-theArt Review. It includes data on tanks, hoses, overfill prevention devices, 
piping, valves and pumps. It also contains important information on field practices and the 
equipment available for leak detection and spill cleanup. 

The Siting Manual for Storing Hamrdous Substances presents infomation and 
procedures which will aid with land use decisions on the storage of hazardous substances in 
sensitive environments. I t  discusses the types of hazards, causes of leaks and spills,~site 
evaluation procedures, and practices~for spill prevention and mitigation. 

The final report on bulk storage entitled, Administrative and Legal Options for 
Storing .Hazardous Substances: A Guide for Local Officiab, .reviews the available 
administrative and legal options which municipalities can use to prevent spills and leaks of 
hazardous substances. It also suggests the wordingfor a local law which would control bulk 
storage. 

These manuals are available from: 

New York State Department of Environmental Conservation 
Division of Water 
Bureau of Water Resources 
50 Wolf Road, Rm. 328 
Albany, New York 12233 
Telephone No.: (518) 457-4352 , .  

Preparation of this manual was financed by a grant from the U.S. Environmental 
Protection Agency under Section 208 of the Federal Water Pollution Control Act. 
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This blanual presents a series of guidelines and recommended practices for the underground storage of petroleum and. 

petroleum derivarivr liquids. The purpose ofthisdocument is toencourage the use oftechnolo_eyandpracticeswhich.would 
prevent leaks and spills from underground storage systems by presenting what the New Y.ork State Department of 
Environmental Conservation regards as  proper storage practices. 

*, 

h 

Because petroleum products vary widely in their characteristics and in the manner in which they should be stored. this 
Manualcanserve onlyasaguide. Each liquid requiresits ownspeci~cstoragedesign. It is the responsibilityoftheownerofa 
StoraEelacility to seek theassistance ofaprofessional engineerwho has theskillstodesignastoragesystem whichcanbe used 
safely and which provides the necessary measures for environmental protection. % **. 

'i. 

'2 
P 

The mention of trade names or commercial products in this manual does not constituteendorsement or recommendation 
for use by the Department of Environmental Conservation. 

I 
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i. TlfE REI.ATIONSFIIP EETWEEN T H E  BGLK 

STORAGE CODE, MAKUFACTUMER 
I<ECO,\IMEXDATIONS, AKV THIS 

RECO,\I>IENDED PRACTlCES MANUAL 

Khc adequacy of the initial design and installaiion of 
il~ldt~rground storage systems for petroleum and deri\.a- 
tl,c liqiiids is perhaps the most important factor in 
Ilt,niniiiing potential environmental hazardsdue to spills 
,,: t&.s nf t h e x  liquids. This applies not only to storage 
tallLh. bur to the tank appurtenances. other storage 
,picin components. and storage system maintenance 
Iprxiices. 

I .  The Bulk Storage Code 

To ensure the proper design, installation, operation, 
and maintenance of these underground storage systems. 
the Yen York State Department of Environmental 
Conservation (hereafterrefcrred to as the Department or 
OEC) will promulgate a Bulk Storage Code. This Codc 
wi l l  be recorded in the New York State Rules and 
Rcgulations (6 NYCRR 612 and 613), and must be 
iullowed for all underground petroleum and petroleum 
dcrivxike storage installations. D 
2. Thic Recommeded Practices Manual 

1-he purpose of this report is to present Department 
recommendations and guidelines for systems that pose 
the least hazard to the environment. The items covered 
include the rollowing: 

0 Underground storage tanks and piping systems. 
e Installation practices. 
e Containment and recovery systems. 
0 Storage system rehabilitation. 
0 Storage system closure and abandonment. 
0 Overfill prevention. 
0 Transfer spill prevention. 
0 Leak detection and tightness testins 
The recommendations which followshould.gitide :dl 

underground storage installations. They are consistent 
\\it11 generally accepted practices, and the recommends- 
iiuns of tank manufacturers. If these recommended 
practices are implemented. they will greatly reduce the 
Itheliliood of a inajor spill or leak incident. However. this 
Suidanct: should be considered subordinare to the Bulk 
Storage Code. and to site-specific engineering practices 
uhich may be required for an  individual facility. 
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b. 3. ,\Innufactiirers’ Recommended Prxxices 

Proper inslilllation i5 so cruc/.l :o the Icak-free 
operation of a storage facility that m a j a  tank nianufac- 
turcrs warrant their tanks against fail;:--. .only if they arc 
installcd and used in accordance !\::;I maniifacturcr 
in>truction\. r’or this reason. tanks s h c l d  be installed in 
strict accord with nianutacturers’ rcccximendations. 

,i 

B. TllE APPROACH OF THIS hIANUAL 

$ r 
6 

This manual is intended for the xsz of owners of 
petroleum storage facilities, and others in government 
and the private sector who are concerccd with minimiz- ? 

! ’I ing the risks of leaks and spills to the environment. it is 
written For the layman a b  well as the enzineer so that they 
may jointly consider and select appropriate bulk storage 
and handling practices for leak and spill prevention. ! 

The practices and guidelines recommended in 
this manual pertain to the storage or petroleum 
and derivative liquids, but man) of the prin-. 
ciples, performance criteria and recommended 
practices presented apply to the storage of other 
hazardous liquids as well. 

The recommendations and guidelines pr-sented 
fc?cus on the level of performance nccessary to prevent 
leaks and spills and protect the environmsnt. Where 
appropriate, the standards and recommendations of 
organizations such as Underwriters’ L.nboratories (UL). 
the National Fire Protection Associnrion (NFPA), !he 
American National Standards lnstitute (ANSI), the 
American Society ofTesting and Materials (ASTM). the 
American Society of Mechanical Ensineers (ASME), 
and the American Petroleum Institute (API) have been 
referenced. Reference is also made throughout the report 
to the Technology Assessment blanual which was pre- 
pared as part of the New York State Bulk Storage 
Program. The reader may wish I O  refer to the specific 
documents highlighted throughout this report for more 
detailed information. Table 1-1 providcs a list of organ- 
izations whose specifications and/or reports may be of 
interest, 



TABLE 1-1 

Organizat ions Providing Specifications 
and Other Information 

AXSI 

API 

ASME 

ASNT 

ASTM 

Amcrican Xational Standards Institute. Inc. 
1430. Broadway, 
New York. New York I0018 
(212) 354-3473 

American Petroleum Institute 
2101 L Street N.W,, 
Washington, D.C. 20037 
(202) 457-7000 

The American Society of Mechanical 
Engineers 
345 East 47th Street. 
New York, New York 10017 
(212) 705-7703 

American Society for Kondestructive 
Testing 
3200 Riverside 'Drive. 
Columbus, .Ohio 43221 
(614) 488-7921 

American Society for Testing and Materials 
1916 Race Street. 
Philadelphia, Pennsylvania 19103 
(215) 299-5400 

AWWA American Water Works Association 
6666 W. Quincy Avenue. 
Denver. Colorado 80235 
(303) 794-771 I 

A W S  

CDA 

MSS 

American Welding Society 
2501 S.W. 7th Street. 
Miami. Florida ,33125 
(305) 642-7090 

Copper Development Association 
405 Lexington Avenue, 
New York. New York 10017 
(212) 953-7300 

Manufacturers Standardization Society of 
the Valve and Fittings Industry 
5203 Leesburg Pike. 
Falls Church. Virginia 22041 
(703) 998-7996 

K n s  

NACE 

NFPA 

PFI 

PPI 

S A E  

UL 

STI 

Federal Specification: 
Sup'crintendKnt of Document:. 
United States Government Printing Olfice. 
Washington, D.C. ,20402 
(202) 541-3000 

National Association of Corrosion Engineers 
p.0. Box 956. Katy. Trxas 77450 
(713) 492-0535 

National Fire Protection Association 
Batterymarch Park, 
Quincy. Massachusetts 02269 
(617) 328-9290 

Pipe Fabrication Institute 
1326 Freeport Road. 
Pittsburgh, Pennsylvania 15238 
(412) 782-1624 

Plastics Pipe Institute 
250 Park Avenue, 
New York. New York 10017 
(212) 687-2675 

Society of Automotive Engineers 
400 Commonwcalth Drive, 
Warrendale, Pennsylvania 15096 
(412) 7761841 

Underwriters Laboratories 
333 Pfingsten Road. 
Northbrook. Illinois 60062 
(312) 272-8800 

Steel Tank Institute 
666 Dundee Road, Suite 705. 
Northbrook, Illinois 60062 
(312) 498-1980 
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CHAPTER 1: 

iinponance of selecting the proper material for 
Il,,,jcr_rround storage tanks cannot be overemphasized. 
p;lctor> \vliich must be taken into account include the 
i ~ ~ ~ o n i n g :  

o Corrosion resistance. 
B Chemical compatibility with the stored product. 

Structural strength. 
* Foundation (support requirements). 

' e Soil Aegressiveness. 
In  the past.'bare steel (or carbon steel) tanks have been 

nidely used for underground storage of gasoline and other 
petroleuin products. These steel tanks are structurally 
srronz, require relatively little in the way of' foundation 
support other than uniform backfill, and are compatible 
with a uide range of liquids. However, carbon steel tanks 
are particularly susceptible to  corrosion, especially when 
installed i n  highly corrosive soils or in groundwater. 
r'pproximatsly 50% of the bare steel tanks installed are 
leaking by the time they are I S  years old. For this reason. 
unprotected (bare) steel tanks should not be used for 
underground storage. 

l h e  types of tanks which are suitable for underground 
petroleum storage include the following: 

@ Cathpdically protected steel tanks. 
0 Fiberglass-reinforced plastic tanks. 

Steel tanks which are clad with fiberglass-reinforced 
plastic. 

* Double-walled steel or fiberglass-reinforced plastic 
tanks. 

Recommended practices for the design and construction 
of these types of tanks listed above are given in the 
remainder of this chapter. 

B 

All new underground storage, tanks should be 
madc of fiberglass-reinforced plastic, steel clad 
with. fiberglass-reinforced plastic, or coated steel 
ivbich is cathodically protected. These types of 
tanks. together with double-walled vessels, are the 
only types of tanks .which should be used for 
underground petroleum storage in New York. 
Bare steel tanks are unsuitable for use as under- - ground storage vessels. 

B. GENERAL REQUIREMENTS FOR ALL TANKS 

This. report specifically addresses concerns associated 
witli atmospheric-type vented underground storage tanks. 
These tanks constitute the vast maioritv of uetroleum 

storagt facilities. tlo!veier. most of the recommendations 
lound here also apply to pressure-rated tanks. 

AI! storage tanks insialled underground in Xew York 
State should include thc following features: 

0 Proper labeling. 
@ \Ve:ir (5triker) plates beneath fill openings. 
a Factory pressure tests for tightness. 
0 Manholes. (Tanks over 64" in diameter) 

The following discussion addresw cach of those fea- 
tures in more dctail. 

1. Tank Labeling 

In S e u  York. each tank should ,have a label of 
permanent construction located at the pump access point 
which contains inFormation on the manufacturer, tank 
capacir?. date of'manufacture, and standards of construc- 
tion. This information is useful if a tank warrantee claim 
hecomes necessary. when property o r  management 
changes. or in rhe inbestigation oftanks for leakage. Where. I 

possible. the label should be readable after the tank is in 
service. 

In addition. it is desirable that each tank be marked in a 
prominent place (e.g.. on the tank head or end) with 
important handling. safety, manufacturing, and installa- 
tion instructions. This marking should also be of a 
permanent nature. 

2. Wear Plates 

All tanksshould havea 114 inchsteel wearplate(striker 
plate) centered under each opening. This plate should be 
rolled to the contours of the tank if it is of fiberglass 
construction. Steel tanks should have flat wear plates. A 
rolled wear plate could provide a n  opportunity for crevice 
corrosion between the plate and the tank bottom. Wear 
plates for steel tanks should be sandblasted to make sure 
they'are anodic to the tank shell. Sorrnal size for wear 
plates should be 12 inches square. These wear plates 
provide valuuble protection against puhctures from dip 
sticks and "blast erosion" which occurs under the fill tube. 

3. Factory Pressure Tests 

To assure tightness of all welds, seams, and fittings, 
tanks should be factory tested at 5 pig*, in accordance 
with U L  standards and procedures, and guaranteed by the 
manufacturer to b? tight. If the tank is compartmentalized, 
each section of the tank should be separately tested for 
leakage and repaired if necessary. 

* FRP t a n h  with diameters above 10 ft. should be prcssuriri'd to 3 psis 
far ti&htnesr tests. 

I ^  
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4. Manholes 

Although it is possible to retrofit a tank with ~n:~nboles. it 
is best to use a tank which has a factory-installed manhole. 
It is usually impractical to install a manhole on tanks less 
than 64 inches in diamater. This allows the o w x r  to inspect 
the tank forsoundncss after installation or to enter the tank 
later tocleansludge from the bottom. internally inspect the 
tank for soundness. and make necesary repairs. Manhole> 
also allow the manufacturer ofsteel tanks to enter the tank 
during fahricatiop to join seams with double welded butt 
joints. These joints are stronger than lap welds, and less 
susceptible to corrosion. 

Manholes should be located above the highest normal 
liquid level of the tank, and should be of the bolted cover 
type. Manhole coverjointsshould hesealed with a gasket 
material which is compatible with the tank contents. The 
gasket should not be less than l [ X  inch thick. 

Manholes may pose management problems for the 
owner. Manhole gaskets may lose theirseal and leak. or air 
pockets may form in the manhole chamber. Either situa- 
tion will present a problem when a tank is tested for a leak. 
Whenever manholes are opened, a new gasket is required 
for assuring that, the cover will reseat itself when retight- 
ened. Cover bolt tightening sequences should be rigidly 
followed to ensure a positive seal. €or tank testing 
purposes, there should be an air bleeder valve installed in 
the manhole cover. 

C .  DESIGN RECOMMENDATIONS - 
CATHODICALLY PROTECTED STEEL TANKS 

Asuitable cathodically protected steel tank, regardless of 
size, should be designed in accordance with Underwriter 
Laboratory Standard 58 [I]. or the American Society of 
Mechanical Engineers (ASME) Code for pressure vessels 
[2]. A corrosion protection system should include these 
lour measures of control: 

0 Cathodic protection via sacrificial galvanic anodes or 
anodes energized by impressed current. 

e Monitoringto track the effectiveness of the cathodic 
protection system. 

0 A tough, factory-applied exterior coating which 
measures a t  least 10-15 mils in thickness. The two 
common coatings are epoxy-based or urethane- 
based. 

e Electrical isolation of the tank from the piping 
system and other underground metallic structures. 

To assure complete protection, it is essential that all of 
the above features are present. Figure 1-1 illustrates these 
tank construction features. 

1. Steel Tank Design 

The fabrication and design requirements of Under- 
writers' Laboratory are specified i n . U L  58, entitled Stan- 
dards for Steel Underground Tanks for Flammable and 

Con~bustible Liquids [I]. The requirements of ASLIE are 
delineated i n  the ASME Prerwre Vessel Code, Section 
W I ,  Division I, Boiler and Pressure Vessel Code [2 ] .  

LI 1. Standard 5X requires that the length 01' the tank not 
bcgreatcr thansis times thediametcr.T'able 1-1 shows the 
minimum thjckness requircd hy Under<vrirers' Laboratory 
for tanks up to 50,000 gallons in capacity. r o t e  that for 
small tanks (below 1.100 gallons in capacity). U L  allo!vs 
the use of galviiniled steel for cathodic protection. EL 
indicares that such tanks may hase a shell thickness as thin 
as 0.07-0.14 inch. Although these t a n k  are structurally 
satisfactory and acceptable for aboveground use, the 
Department recommends that small tanks of these designs 
not be used underground. The zinc coating of galvanized 
steel and the light weight steel shell do  not provide'the 
long-term protection and corrosion a l lo~ances  that are 
necessary for unmonitored small underground tanks. The 
Department recommends that the shell of any under- 
ground steel tank have a minimum thickness of at least I 
.gauge (0.18 inch), with a 1/4 inch tank shell (if available) 
being preferable. The extra shell thickness provides the 
corrosion allowances and longer life espectancics .which 
are comparable to those of a larger tank. 

The joints of the tank may be butt welded or lap welded, 
according to UL or ASME standards, althou& double 
welded buttjoints, as discussed earlier, are less susceptible 
to corrosion and stronger than lap joints. 

2. Cathodie'Protection 

Cathodic protection is used to minimix corrosion of the 
tank which is exposed to corrosive conditions. This 
protection is achieved by applyingan electric current to the 
structure which is greater in strength and opposite in 
direction to the flow of current which causes corrosion. For 
example, if steel is exposed to corrosive soil. it would 
normally cmit a current and corrode over time. When a 
sacrificial anode is connected to the tank electric all^ (via 
wires), the anode produces a stronger current that flow to 
the tank and the anode. not the tank. corrodes. 

Corrosion protection should be provided bj'usingeither 
an impressed current system which incorporates DC 
current and an energized anode to deliver current to the 
tank,  or a galvanic anodc which relies on the electromotive 
difference between a sacrificial metal and the tank to 
provide a protective flow ofcurrent to the tank. Regardless .. 
of which merhod is used, a negative voltage o fa t  least-35 : 
volts, as measuredby a copper-copper sulfate reference half 
cell. is usually sufficient to provide corrosion protection. 

Impressed current catho- 
dic protection systems require the use of a rectifier, which 
converts AC current to D C  current, and a high sili'con Cilst 
iron sacrificial anode (or graphite anodu, if thc soil 
environment is saline). Although the impressed current 
system i s  effective in almost any corrosive environment. 

Impressed Current Systems. 

4 
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FlGURE 1-1 

PRE-ENGW!EERED ~~5~~~~~~~~ STORAGE TANK 
This figure show the components typically found in a pre-engineered (sacrificial anode cathodic protection) 

&qround storage tank installation. These components include the fol1owin.g: 
1 cathodically-protected, epoxy coated steel tank; 2 dielectric bushings providing electrical insulation 

t,?:'.yeen tank and all connecting lines; 3 product delivery line; 4 leak detector on product delivery line; 5 
sL,bm?rged product delivery pump; 6 access manway; 7.fill pipe; 8 striker plate below fill pipe; 9 vent line; 10 
:>oat vent valve in vent line for over-fill protection; 11 Cathodic Monitoring System; 12 leak observation well, 
Inside the excavation; 13  compacted bed of sand or gravel (same material as backfill); 14 sarid or gravel 
backfill; 15 sacrificial anodes; 16 waterproof, tamper-proof lids on fill lines and manways. 

Notes: 
A. Inner wall %" steel 
B. Coal-tar epoxy set to rigid manufacturers specifications 
C. 8" minimum thickness 
D,' 24" minimum distance 

c SOURCE: Highland Tank Mfg. Co., member Steel Tank Institute. 
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’ suclls)stemsarecspensii.r.and have been known todisrupt 
nearby communication circuits. Because of their com. 
plrsity. they should only be installed by a qualificd 
corrosion engineer. 

Galvanic Systems. Pre-engineered galvanic cathodic 
protection system\ provide an economical and effective 
means of corrosion protection. The best of these systems 
use high potential magnesium anodes or high purity,zinc 
modes nhich provide a strong natural flow of protective 
currentto thetank.Table I-2shows the weigh’tandnumber 
of magnesium anodes to be used for various size tanks. 
These anodes should be carefully installed on the outside of 
the tank and electrically connected with a iead wire to the 
tank, as shown in Figures 1-2 and 1-3. 

“Pre-engineered” tank systems are.those that are speci- 
fically designed to meet vigorous standards specified by 
industrial groups such as the Steel Tank Institute or 
individilal companies such as.Buffalo Tank Corporation. 

If a timk which relies on galvanic protection is used, the 
flow of electrical current from the anode to the tankshould 
be monitored a t  least semi-annuaily. Systems for contin- 
uous or intermittent monitoring are available commer- 
cially. A good idea is to test for galvanic protection when 
-meter proving“(i.e., calibrating the dispenser foraccuracy) 
is done. 

Galvanic protection for internalsurfacesofthe tankmay 
be provided by installing zincstrips which act as sacrificial 
anodes in a manner similar to the exterior magnesium 
anodes. The Department recommends internal cathodic 
protection. 

As with impressed current systems, a galvanic system 
should only b2 designed by a qualified corrosion engineer. 

3. Coating 

Active cathodic protection asdiscussed aboveshould be 
supplemented by the passive protection of a tough factory- 
applied coating. 

The coating should be factory applied to the entire 
exterior surface of the tank after anode holders and all 
bushings and plugs have been installed, immediately after 
sandblasting. Sandblasting should be completed in accor- 
dance with the Steel Structure Painting Council Specifica- 
tion No. 6, Commerical Blast Cleaning. A stronger, more 
intimate tank-coating bond can be achieved by a White 
Metal Blast Cleaning, SSPC-SP5. The coating materia) 
should be equal to one of the following: 

@ Tarset Standard No. 7001, produced by Porter 
Coatings, Division of Porter Paint Cornpanv 

e PI=-Chem Chem-Mastic 2203, produced by Plas- 
Chem Coatings, Eagle Picher Industries, Inc. 

0 Koppers 300M. producted by Koppers, Inc. 
Corrocote 11 (Instant Setting) by Madison Chemical 
Industries. Inc. 

The thickness of the coating on tlic tank shell should be 7 

13 mil5 wet ( I O  mils minimum when dry); the thickness of 
the coating on tiic tank hcnd and Irithin 4s inclles of 
shcll-mounted modes shvuld be 22 mils xet (15 mils 
minimdm whcn dry). IVote: The Corrocotc product does 
not change thickness as it diies: the wet thickness is the 
vanii‘ as dry thickness. For propercuring. the coating must 
be applied at temperatures higher than 5UF. Heat may he. 
introduced into the tank to ensure proper coating at low 
ambient teniperutures. Moisture must not touch the tank 
exterior or coating until the coating is thoroughly cured. 

Tbc finished coating should be inspscted by the fabri- 
cator ‘using noo-destructive magnetic film gauge tester. 
However, it is recommended that a wet film thickness 
gauge be used frequently while applying the coating to 
ensure proper application thickness. Coverage of theanode 
holders and o:her tank appurtenances should be carefully 
checked to  ensure that the coating has the proper-film 
thickness on all surfaces and edges. 

When the coating has dried, it should be tested electri- 
cally for holidays, bubbles and othercoatiny defects. These 
defects should be promptly recoated. 

The coated tank should be handled with care to  
mirlimize damage to the coating during loading, unloading. 
or  installation activities. .Padding between trucks and 
tanks, and on chains or wire rope, is recommended. The 
repair of any coating .surface. which is damaged .by 
mishandlingshould be instrict accord with manufacturers’ 
recommendations and should conform to the above 
specifications for minimum thickness. 

Internal corrosion can be mitigated by usinga coating on 
the inside of the tank in lieu of the sacrificial zinc anodes 
which were recommended above. This provides an extra 
measure of protection- which is recommended by the 
Department. Internal coatings must be chemically compa- 
tible with product blends and additives. in order to  be 
effective. 

4. Electrical .Isolation 

AI1 cathodically protected tanks should be equipped 
with fittings for electrically insulatingthe tank from piping. 
These fittings may be.nylon bushings, bolted’flanges with 
companion nylon flanges, commercially available flange 
insulation kits, or an equivalent system. 

If nylon bushings are used, they should be properly 
tightmed by themanufacturerso that they will not have to 
be removed or further tightened in the field. The nylon 
material must be able to withstand exposure to the material 
to be stored without swelling:and(or degradation. If there. 
is any question as to the compatibility of the nylon 
bushings with the stored material, bushings made of a 
compatible material or flanged openings with chemically 
compatible gasketsshould be used; An alternate method of 
electrically insulating the tank using bolted fhnges and 
nylon companion flanges is shown in Figure 14. 

Another method of electrically isolating openings is to 
use commercially avai/able flange insulation kits. hs shown 

6 



TABLE 1-1 

THICKNESS OF STEEL TAXKS 
RECOLMiMENDED BY UNDERWRITERS LABORATORY 

.~~ ~~~~~ ~ 

Manufacturers Nominal Thickness 
Maximum” Standard or 

Capacity Diameter Galvnnized.Sheet Uncoated Galvanized” 

.S. Gallons dm3 Inches m Gauge No. Inches mm Inches mm 

(‘p IO 285 up  to 1078 42 1.07 14 ** 0.075 1.91 0.079 2.01 
~ $ 6  to 560 1052 to 2120 48 1.22 12 ** 0.105. 2.67 0.108 2.74 
j6i  io 1100 2124 to 4164 64 1.63 10 ** 0.135 3.43 0.138 3.51 
1101 to 4000 4168 to 15142 84 2.13 7 0.179 4.55 
4001 IO 12,000 15145 to 45425 126 3.20 114 inch 0.250’ 6.35 
12.OOJ to 20,000 45429 to 75708 144 3.66 51 16 inch 0.312 7.92 
20.001 to 50,000 75712 to 189270 144 3.66 3/8 inch 0.375 9.53 

Source: 
This material is based on and taken, with permission, from Underwriters Laboratories Inc. Standard for Safety for 
Steel Underground Tanks for Flammable .and Combustible. Liquids, UL 58, Copyright 1976 (by Underwriters 
Laboratories Inc.), copies of which may be purchased from Underwriten Laboratories, Inc., Pub1icatio.n Stock, 333 
Pfinrsten Road, Northhrook, Illinois 60062. 

,Tore: 
CCjha11 not beresponsible toanyonefortheuseoforrelianceupona ULStandadbyanyone. ULshallnotincurany 
obliption or liability for damages. including consequential damages, arising out of or  in connection with the use, 
intcrpretation of, or reliance upon a UL Standard. 

* L c n g h  of tank shall be not greater than six times the diameter. 

** The use of galvanized steel and shell thicknesses less than.7 gauge are not recommended by the Department of 
Environmental Conservation. 
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TABLE i-2 

MAGNESIUM ANODE REQUIREIMENTS 

.~ 

Number of Anodes Required Anode Weight, pounds 

Surface 
Tank Area Each Shell Total Each Total Dow Calvomag 

Sq. Ft. Head Anodes ,Tank Anode Per Tank Anode Type (1) 

50-175 
175-350 
350-5 I5 
515-780 
780-1000 
1000-1 280 
I 280-1600(21 

1600-1900(2) 
' 1900-2200(2) 

2200-2500(2) 

2500-2875(*) 

1 
I '  
1 
1 
1 
2 
1 

2 
I 
I 
1 
1 
2 

. 2  ' .  9 
2 17 
2 24 
2 32 
2 48 

4 32. 
2 32 

1 2 48 
4 48 

2 4 32 
2 48 
2 32 

2 4 1 48 
2 6 48 

I8 
34 
48 
64 
96 

I28 

64 -160 
96 ' 

I92 

'224 
96) 

6 4 8 2 5 6  
192' 
288 

9D3 
17D3 
24D4 
32D5 
48135 
32D5 
32D5 
48D5 
48D5 
32135 
48D5 
32D5 
48D5 
48D5 

Notes 
1. If size recommended is not available, use next larger size. 

2. If tank length is over 35 feet, place anodes on heads and shell. Design assumes that tank of this size will have to  be 
loaded, unloaded, and otherwise handled with a crane so that no rolling of tank will be necessary. 

Adopted from sti-P," System specifications, copyright 1983, permission of t h e  Steel Tank InstitUte. 

Steel Tank Institute will not be responsibile to anyone for the use of or the reliance upon STI Standard by anyone, UL 
will not incur any obligation or liability for damages, including consequential damages arising out of or in connection 
with the use, interpretation of, or reliance on an STI Standard. 



d )  GURE 4-2 

TANK 

TIE ON WITH 8QAUeE 
COPPER INOULA'FED 
WIRE. WRAP COMPLETELY 
ARQUND ANODE ONCE 
BEFORE ATTACHING. 

SEAL WELD 

ANODE 
HOLDER PLATE 

SECTION 
' AMODE ATTACHE6 THROUGM ANODE 

B" TO 
V A F t E 8  
ANODE 

SOURCE sti-P,a System specifications, copyright 1983, permission of the Steel Tank Institute. See footnotes, page 8. i 
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in Fiiure 1-5, thesekitsconsist ofagasket,sleevesforbolts, 
and wasliers; all of these are composed of dielectric 
material. Flange insulation must be shipped installed in the 
tank with suitable threaded companion fiinges so the 
flange isolation will not be disturbed in the field. It is 
recommended that the installation of flange insulation kits 
be such that the bolts will be grounded to the tank and, 
thcrefore, cathodically protected, but isolated from the 
companion flange. 

D. DESIGN RECOMMENDATIONS - 
FIBERGLASS-REINFORCED PLASTIC TANKS 

Fiberglass-reinforced plastic (FRP) tanks are manufac- 
tured by a highly specialized industry. These tanks must he 
designed and fabricated by engineers with expertise in the 
strength of fiberglass materials, material compatibility, and 
underground tank installation. For this reason, only FRP 
tanks constructed by a reputable manufacturer should be 
used. 

The following recommendations cover spherical or 
horizontal cylindrical atmospheric-type tanks offiberglass- 
reinforced plastic construction which are intended for 
underground storage of petroleum. 

1. F R P  Tank Design 

FRP tanks should be UL listed and designed in 
accordance with Underwriters' Laboratory Standard 1316, 
Standard for Gias+Fiber-Reinforced Plastic Underground 
Storage Tanks for Petroleum Products (3), or Under- 
writers'laboratory of Canada, Standard ULC-S615-1977, 
Standard for Reinforced Plastic Underground Tanks for 
Petroleum Products (4). These standards set forth require- 
ments for structural strength, criteria for chemical com- 
patibility of tank material with product stored, and 
surrounding soil, and test methods for quality control. 
Usually the wall thickness of an underground F R P  tank is 
0.22 inches, although a thicker wall may bc necessary for 
large tanks or tanks storing products with a specific gravity 
groater than 1.5. 

F R P  tanks normally incorporatereinforcingribs in their 
design. These ribs provide the additionalstructural strength 
that is necessary for tank integrity. Ribs are designed to 
withstand both the internal stresses from the stored 
product, and the external backfill, hydrostatic and 
buoyancy forces. The ribs are also designed to accept the 
hold down straps used to ballast the tank. 

An F R P  tank should be equipped with lifting lugs that 
are attached to the tank orcan he attached to a fitting on 
the tank.Tanks with a capacity of 1,000 gallons or less map 
be equipped with only one lifting lug. The precise method 
ofhandling and lifting the tankshould be prescribed by the 
manufacturer and these instructions should be carefully 
adhered to hy the installer. 

Plan). resinsareavailable forusein FRP tdnks,andcach 
has its own characteristics of performance. Some resiw 
dissolve, soften, o r  become brittle in acidic or saline soil 
environments. Others will lose structural slrength when 
exposed to certain chcmicals. Gasahol (a gasoline-ethanol 
blend) has .been known to cause F R P  tank failure 
particularly a t  mixtures of 15. to 20% ethanol. Methanol 
and other gasoline zdditives are known to be incompatible 
with certain resins. Manufacturers of tanks carrying a U L  
label are required to perform immersion tests to prove 
material durability and chemical compatibility, Under- 
writers' Laboratories in turn certifies only that the tank is 
compatible with certain chemicals. 

In selecting an F R P  tank, it is therefore of utmost 
importance that the tank manufacturer he notified of the 
exact chemical composition of the product to be stored. 
The manufacturer should then bear the responsibility for 
selecting the proper tank and providing the owner with a 
written 'assurance .of chemical compatibility.. Under no. 
circumstances shoold'products he switched from tank to 
tank unless the manufacturer provides assurances that the 
new product is compatible with the tank. 

Because the resins used for F R P  construction have 
changed over time, it is imprudent to reusea F R P  tank of 
unknown origin and age unless the prior use of the tank is 
known and the tank manufacturer is consulted on the 
compatibility of the tank resin with the new product to be 
stored. . 

2. compatibility of Mnterials f 

3. Ins!allation of FRF' Tanks 

Fiberglass tanks have more exacting handling require- 
ments than do steel tanks and they acquire most of their 
support strength from the backfill. For this reason, 
following the manufacturer's installation instructions and 
inspection of the installation is of critical importance. 
Chapter 3 discusses in detail the recommended practices 
for installing F R P  tanks. 

E. STEEL TANKS WHICH ARE CLAD WITH 
FIBERGLASS-REINFORCED PLASTIC 

Steel tanks which are clad with fiberglass (often referred 
to as composite tanks) consist of a basic steel tank as 
prescribed under Section C of this Chapter, which has an 
outer layer of fiberglass resin reinforcement with a thick- 
ness of 100 mils bonded to the steel shell. Underwriters' 
Laboratories has a specific listing for composite tanks, but 
no officialstandard has been promulgated. Specificdesigns 
are considered on a case- by-case basis. Thesc tanks, when 
fabricated by a reputable manufacturer. provide a storage 
vessel which is both strong and resistant to external 
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FIGURE 1-5 

ELECTRICAL DSOLATlON USING A FLANGE l N S U L A Y t 8 N  KIT 

STANDARD PIPE THREADS 

DI-ELECTRK 
WASHER 

0 
D 1- E LEC TRlC 

SLEEVE 

D I-ELECTRIC 

SOURCE: sti.P,@ System specifications, copyright 1983, permission of the Steel Tank Institute. See  footnotes, page E. 
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FlGURE 1-8 

100 MIL. 
FIB ERG LASS 

COATiNG 

JA C IEET 

GROSS SECTiONAL VIEW 
(DRAWN TO APPROXWATE SCALE) 
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In5ulation 

\. nith an)' steel tank, the composite tank should have 
s:,,;l,,~nducti\e husfiiiigs o r  tlanges at  all piping connee- 
t,oll~ to assure that the tank is electrically insulated from 
lhL piping system. 

2. Coating 
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1 1 1 ~ i t  alsu be clpablr. o i  containing the product under 
nnrniirl xr i icc  conditions in rhe etcnt that the j t c r l  wall 

.. 
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*F ..&, 

1.11~ fiberglass coating mnst be applied under strict 
p i l i t ) '  control. The tank must be sandblasted free of rust 

scale usins the Steel Structures Painting Council 
,pecifications for commercial blast cleaning, SSPC- SP-6. 
Fullon ingsandhlastingand vacuuming, the coatingshould 
he Inimediaiely applied to the surface under moisture-free 
conditions. 

After curing. the coating should he inspected for air 
pockets. blisters. pinholes and electrostatically tested with 
10.000 volts for coating short circuits (also known as spark 

,tress due to temperature changes will not he detrimental to 
ilic >ouiidness of the coating and the permanent bond 
betneen the coatlng and the steel. The coating must he of 

should leak. 
As with F R P  tank designs, the resins used in thecoating 

of a composite tank should be noncorrosive in under- 
ground soil environments and compatible with petroleum, 
petroleum additives, and petroleuni derivative liquids. 

F. DOUBLE-WALLED TANKS 

Tanks of double-walled design with continuous moni- 
toring of the annular (interstitial) space provide the hest 
overall protection against leakage. Because monitoring of 
tank integrity and secondary containment are inherent 
arld integral fiatures of their design, double-walled tanks 
may he more economical than single-walled tanks with a 
monitoring aell and containment liner installed separately 
in the excavation. 

Doiibl+u3lled tanks provide thc bcjt protection 
:ig.iii~:~t leaks TI12 Dcpsrtmeiir rrcoinniend~ th2t  
t h c s  I!p?s of tanks be u x d  011 a11 ~ii i i ron-  
mcntsll) crnical installiltions. 

Double-walled tanks 5hould h w e  an outerj3cket n hich 
coiersatlciistthe bottom two-thirds(? 3)ofthet3nk.Thc 
jacket should coverallstraight and girthseams oftheinner 
uall.l'here should he no penetrations olany kind through 
the jacket to the tank except the top entry fittings requir$d 
for monitoring the interstitial space. Figure 1-6 details the 
construction of a douhle-\valled tank. 

The double-walled tank is most effectively monitored b j  
applyinga vacuiim to the interstitial spaceand checking for 
vacuum loss. 

A double-walled tank should incorporate all of the 
recommended practices for single walled tanks identified in 
Secrioris B througlr F of this chapter. If a double-walled 
cathodically protected tank is used, it should consist of a 
standard tank with an outer (second) wall made of steel 
with a minimuni thickness of I O  gauge (0,135 inch). This 
outer wall should he covered by an  epoxy coating or 
equivalent as discussed in Secti0n.C. If a double-walled 
fiberglass tank is used, all requirements for structural 
strength discussed in Section D should be addressed. 

A double-walled steel!fiberglass composite tank should 
consist of a standard tank with a 10 gauge outer jacket 
covered by the fiberglass coating discussed in Section'E. 

All double-walled tanks of steel construction should 
include provisions to eliminate potentially corrosive water 
vapor from the annular (interstitial) space of the tank. 

Double-walled tanks provide the following advantages: 
e The highest level 01 containment technology. 

Product monitoringof the interstitial space to dsee t  
leaks. 

0 Secondary containment of the stored product and 
prevention of its releas into the environment. 

o Tightness testingis usually not necessary in theevent 
that groundwater contamination from an  unknown 
source i s  discovered. 

a They can be uSed in environmentally sensitive areis. 
e They lead to lower environmental risks and inher- 

ently lower insurance costs. 



References 

I .  Underwriters Lnboratories, Inc.. Sreel Underground 
Tanksjor Flainmablc and Combustible Liquids, UL 
5s. Underwiters' Laborartories. Inc., 333 Pfingsten 
Road, Northbrook, Illinois, October, 1976. 

4. Underwriters' Laboratories of Canada, Inc.. Sran- 
dard fo r  Reiqforced Plasiic Underground Tanks for 
Perroteriiii Siorage, ULC-S615-1977. Undu wirers' 
LaborantoricG a/ Canada. OK., 7 Croiise Road, Scar- 

2. American Society of Mechanical Engineers. ASME 
Pressure Vessel Code. Secrioii VIII, Divirion 1. 
Boiler and ?rrssure Vase/ Code, American Society 
of Mechanical Engineers, 345 East 47th Street, h-ew 
York, NY 10017. 

3. Undenwiters'Labomtones, Inc., Simdardfor Glars-fiber- 
Reinforced PIasric UndergroundStorage Tanks, UL 
1316. Underwriters' Laboratories, Inc.333 Pfingsten 
Road, Northbrook, Illinois 60062, July 1953. 

borough. Oniario, March. 1977. 

5. h'ew York Siare Depariment of Environmenral 
Conservation, Technology for  rhe Storage of 
Hazardoris Liquids, A State-of-ihe-Art Review, Few 
YorkState Dspertrnent of Environmental Consema- 
tion, 50 Wolf Road, Albany, NY 12233, January, 
1983. 

. 

6. Steel Tank Insritute, sri-?, @ Specficaiions, Steel 
Tank Institute, 666 Dundee Rd., Suite 705, North- 
brook, Illinois 60062. 



CHAPTER 2: 
PIPE, FITTINGS, AMP) 
PUIIXPING SYSTEMS 

A. 1NTEQDUCTlQFi 

pipiF_r and pumping systems perform the function of 
d,+,mn* jtored product from underground storage tanks 

abo\;.gound dispensers without leakage. Figure 2-1 
illtstrates piping and pumping systems whichare typical of 
a sersice station. This chapter will briefly discuss the 
elements of piping and pumping systems and.recommend 
specific components. 

B. PIPE MATERIALS 

S e u  underground pipes at a storage facility 
should always be protected against corrosion.The 
t no  most common materials that meet this 
crirelia are fiberglass-reinforced plastic and eatho- 
dically-protected galvanized steel pipe. 

Piping failure is a significant Cause of underground 
leakage. According to a leak survey conducted b,. thz 
American Petroleum Institute, pipingfailure accountrd for 
fully 113 of all reported leaks at underground storage 
facilities [ 13. The principle causes of piping failures are a5 
foilows: 

e Corrosion. 
0 Settlement of backfill. 
0 Frost heave. 

Traffic loadings on poorly protected piping. 
e Stresses resulting from changes i n  temperature. 

Some of the general considerations associated with the 
design of piping systems are highlighted in Table 2-1. The 
principle remedies for these problems are corrosion protec- 
tion, proper design by professionalengineers, and installa- 
tion by experienced and qualified installers. 

There are several types of piping materials available 
which will provide protection against leakage. The mate- 
rials recommended for use by. the Department include 
cathodically protected steel, fiberglass-reinforced plastic 
(FRP), and stainless steel. Double-walled pipe is also 
recognized by the Department a5 a reliable means of 
conveying liquids. 

.. TABLE 2-1 

CONSIDERATIONS IN PIPING SYSTEM DESIGN 

- 
I he following are some general considerations to be evaluated when selecting and applying materials in piping: 

The corrosive characteristics of the material to be transported, and the ability of the piping system 

0 The Characteristics of the external atmosphere (soil, water, etc.) to which the piping system components are 

o Force IoadinD due to dynamic effects (nuid flow) and weight considerations. 

o The susceptibility of the piping material to  crevice corrosion in threaded joints, in socketwelded joints, and 

Q The possibility of adverse electrolytic effects if the metal is subject to contact with adissimilar metal, 

0 The compatibility of lubricants or sealants used on threads, with the fluid handled. 

e The suitability of packing, seals, and O-rings for the fluid service, including possible effects of or on the fluid 

0 The compatibility of materials such as cements, sohwts ,  solders, and brazing with the fluid being 

components to withstand that corrosion. 

exposed. 

in other stagnant, confined areas. 

including older metals of the same type. . .  

handled. 

transported. 
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A TYPICAL BlPlMG SYSTEM AT A N  UNDERGROUND STORAGE 
FAClLlTY, SHOWING THE FOI-LOWWQ ITEMS: 

@ STORAGE T A W K  vEmr 
@ 
@ TANK D R O P  T U B E  

@ S U B M E R G E D  T R A N S F E R  P U M P  

@ PlPELlNE L E A K  D E T E C T O R  

@ E M E R G E N C Y  S H U T O F F  V A L V E  

@ 
@) E X T R A C T O R  ASSEMSLY (FOOT V A L V E )  

TANK F I L L  C A P  AND D R O P  T U B E  A D A P T E R  

S W l M G  JOWT A T  A C H A N G E  O F  DIRECT1ON 

SOURCE: Service Stalion Products, courtesy of Emco Wheaton, Inc. (4) 
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1, Cathodicall?. Protected Steel Pipe .. 

. .  f n  in&na where steel is the prel'errcd piping material, 
1 ] 1 ~  Depdrtment recommends the use of cathodically (b:yyt?:J. plvanized steel pipe. Steel pipe alone has 
,\cLl!ciit strength, but is susceptible to corrosion. Zinc . .. 

i. 

; : . <  . -  ;.<"< ;+ 
Impressed current systems require special attention to 

ensure electrical continuity throughout the system. 
Monthly checks are not considered excessive. 

I n  either type of cathodic protection system, the deter- 
mination of the appropriate size, location, and spacing of 
the anodes requires engineering expertise; such expertise 
and guidance is available from organizations such as the 
National Association of Corrosion Engineers. 

Alternatively, piping can he coated or wrapped. Pipe 
coating materials can be painted, brushed or sprayed on. 
Thr: best method is to coat the piping after pipefitting 
operations are complete. Care must be taken to be certain 
of complete coverage, particularly on temporary support 
pOints.joints and the underside ofthe pipe, which is hidden 
from view. Coatings are especially formulated for hard- 
ness. durability and adhesion. They should not he confused 

!!.- x 
*. 4' 
.. Coatings. which are worthless. 
!" r 
?.  
i 

S". 

.. I \vith products such as red lead paint and bituminous 

Pipe wrapping techniques involve priming the pipe with 
solvent based primer. This provides a surface which is 
tailored for bonding with a vinyl coated, mastic backed 
wrapping :ape.This wrapping is most efficiently applied in 
the shop. There, lengths of pipe can he quickly and 
accurately wrapped. Joints must, of course, be wrapped in 

'> 2 <. the fidd. 

,,~\.uniring gises some corrosion protection to the pips. 
h u t  t lx j  protective coating is ofren scraped ofS or scratchrd 
dclrinz liandlin_r, pipefitting. and installation operations. 
'1 IIcdore. galbanizing alone does, not provide adequate 
corrosisn protection. 

To pro\ide adequate protection from corrosive elements, 
either galvanic or impressed current cathodic protection 
,ilould be used. The galvanic cathodic protection method 
emplo;s sacrificial anodes made of magnesium or zinc. 
These anodes are installed in electrical contact with the 
piping via bonding wires. The corrosion of these anodes 
crcates electrolytic cells, generating a weak electric current 
that protects the pipe from corrosion. 

The impressed current cathodic protection method 
emp1o;s D.C. current provided from an external source. 
This current is passed through the system by the use of 
noli-sacrificial anodes composed of materials such as 
carhon. non-corrodible alloys, or platinum. These anodes 
are buried in the ground (to protect underground piping), 
or otherwise suspended in the electrolyte, and electrically 
coiinected to the positive terminal of the external power 
suppi!. The piping is then connected to the negatibe side of 
that paver supply. The resulting flow of current prevents 
corrosion of the pipe. The layout of a typical impressed 
current cathodic protection system is shown in Figure 2-2. 

In  underground installations. it is imporrant to 
remember that new steel anodic to old steel, 
That is, if new steel pipe is connected to old steel 
pipe or near oldsteel structure>, the ne!! steel Mill 
corrode much more quickly than expected. 

2. Fiberglass-Reinforced Plastic Pipe 

FRP pipe has a distinct advantage over stcel pipe in that 
it is inherently corrosion resistant, and thus provides 
excellent protection against leaks when installed correctly. 
It is also flexible enough to account for minor misalign- 
ment and earth movement. N o  swing joints are required 
except for very shorlpipe runs, or sharp turns. As a result, 
this material has found increasing acceptance for bulk 
storage applications in recent years. 

However, FRP pipe has lower structural strength than 
steel pipe. It therefore requires fully-compacted bedding 
and extra caution in handling and installation. The 
recommended installation practices for this material are 
addressed in Chapter 3, Section F of this report. 

FRP pipe and steel pipe are  now considered to have the 
same installed cost. The cost of the fiberglass material is 
much higher than the cost of steel, but this is counter- 
balanced by lower .handling and pipefitting costs. 

Underwriters Laboratories has a listing of FRP pipe 
which is approved for underground petroleum products 
senice. This listing is particularly appropriate for service 
station applications, and should be consulted if the use of 
this piping material is considered. 

3. Stainless Steel Pipe 

Stainless steel pipe is also.suitable for underground use. 
It is well known for its corrosion resistance, and its 
industrial use is growing. The main drawback of stainless 
steel is cost. Its installed.cost is approximately three times 
that of galvanized steel or F R P  pipe. However, the added 
expense may he warranted where.highly.hazardous liquids 
are stored. o r  in environmentally sensitive areas. 

Schedule 10, Type 304 stainless.steel is satisfactory in 
highly corrosive soil environments and is the most common 
kind of stainless steel pipe for senice station-type, low 
pressure (2040 psi) applications. Schedule IO pipe has a 
thinner wall thickness than Schedule 40, but is of sufficient 
thickness for weldedjoints. Wherescrewed fittings must be 
used, a transition to Schedule 40 stainless pipe must be 
made. 

Stainless steel pipe has the .important advantages of 
being able to be installed without coatings or cathodic 
protection. However, it does require the same high quality 
bedding that the other materials require. 

Even though stainlesssteel has a deserved reputation for 
corrosion resistance, the presence of some chemicals in the 
soil particularly sulfides, can result in corrosion. Therefore 
a corrsion specialist should be the one who makes a 
selection of the particular formulation of .stainless to be 
used based on the chemical makeup of the native soils. 
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HEADER CABLE 

SOURCE; 

Suggested Ways to Meet Corrosion Protection Codes for Underground Tanks and Piping; 
The Hinchman Company, Detroit, MI. 
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4, ~ ~ , ~ b l r - W a l l e d  Pipe 

ions involving the piping of very hazardous or 
, or in instances where the environment would 
mpacted by leakage, double-walled piping is 
an .acceptable choice. 

~ j g u r z  2-3 illustrates one type of double-walled pipe.The 
l , l I~tr  \\all encloses the inner pipe, which is supported at 
rcgui.tr intervals. This ensemble is contained bya bulkhead 
.ll rhe cnd of each segment. The interstitial space between 

inner and outer walls is slightly pressurized with 
&ogen, This pressure is monitored. A drop in pressurc 
indicates leakage in the outer wail, while a rise in pressure 
j,dtcates that there is leakage from the 'inner pipe. This 
mmufacturer coats its products with coal tar  epoxy or 
FRP in a manner similar to that described for tank 

At this time, the use of  double-walled pipes for under- 
<round petroleum products piping is something of a rarity 
in Sew York. The Department makes no specific recom- 
mendations as to .material selections or  wall thicknesses. 
However, corrosion protection is still of paramount con- 
cern. and the manufacturer's recommendations on this 
,ub,irct should be closely, followed. 

+:: coatings in Chapter 1 .  
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C. FITTINGS 

Connections between pipe lengths and at the tank are a 
frequent source of leaks. This section will describe fittings 
bj material type since there are few fitting elements 
common to all types of  pipe materials. 

When pipe is screwed together, thread lubricant.(pipe 
dope) is necessary to  ensure that the pipe and fitting are 

been made,  and^ to provide some degree of protection 
against the crevice corrosion that can occur at joints. 
Where threads arejoined, theunion oftwo metals withjust 
slightly different properties results in a galvanic cell which 
willcorrode if not protected.Thread lubricant gives limited 
protection to joints. The practice of welding galvanized 
pipe fittings is uncommon and is an  unsuitable practice for 
underground piping systems. 

In addition to the usual elbows and couplings, swing 
joints should be used a t  all changes in direction. This is 
necessary to relieve stress on the pipe from such causes as 
frost action, temperature changes, and traffic loadings. 
Expansion joints (e.g., Dresser Couplings or  Victaulics) 
have been used in the past for this purpose, but age and 
repeated flexing will eventually cause them to fail. Expan- 
sion joints should only be used aboveground. 

Expansiori loops are used to account for thermal 
expansion on long straight runs of pipe. Their use is 
endorsed for both above and underground applications. 

Where metallic piping is attached to metallic storage 
tanks, dielectric bushings are highly recommended, except 
with impressed current systems.This practice prevents any 
stray electrical currents picked up by the pipe from being 
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g: P. mated to the proper depth, to ensure that a tight seal has 
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conducted to the tanks. These bushings are normally made 
from either nylon or teflon. 

FiE'joints are glued, except wherc transitions to pumps 
and emergency shutoff valves are made. Chapter3 of this 
report details the concerns of fiberglass joint make-up. 

Relatively thin-walled (Schedule IO) stainless steel pipe 
may be used ior low pressure piping. The joints for this 
Schedule IO piping are welded. Weldingstainless steel isan 
operation requiring considerable skill and attention to 
detail. Wherescrewed connections are required, suchas for 
the pump connection, atransition to ScheduleJOpipe must 
be made. The Schedule 40 pipe has sa ic ien t  thickness to 
allow for pipe threads to be cut. 

The joining methods for double-walled pipe include 
flanges, welding, and resin-glueing. The exact method 
depends on the specific type of pipe chosen. Ivlanufac- 
turers'speci~cationsshould be consultedfor more detailed 
information. 

D. PUMPS 

Under normal operation, pumps are not a major source 
of leakage. In fact, insomeinstances thepumpingsystem of 
a bulk storage facility can be used to  monitor the piping 
system for leaking. The following discussion will address 
the basic principles of  the common types of pumping 
systems, and describe theirutilityasleak detectiondevices. 

The two most common types ofpumping systems, 
remote pumping system and suction pumping 
systems, are both acceptable for service at bulk 
storage facilities. 

1. Remote Pumging Systems 

Remote pumping systems employ submerged transfer 
pump (STPs) to transport the stored liquid from the tank 
to product dispensers. These pumps are typically Fn- 
trifugal pumps which are rated explosion-proof and 
immersed in the product storage tank. They pressurize the 
product delivery line, imparting a "positive head", or 
positive pressure, to the product to deliver it to above- 
ground and often remote dispensers. 

Remote pumping systems are generally more energy- 
efficient than.suction pumping systems. They also have a n  
advantage in that one pump can service several dispensers, 
whereas suction pumps can only,serve one dispenset per' 
pump. 

The drawback to  this type of system is thatasubmerged 
transfer pump cannot differentiate between product dis- 
pensingand leakagein thedelivery1ine.A leak orcrackina 
pipe may go undetected for some time because, unlike 
suction pumping systems, there is no interference with. 
product flow. In addition, since the pipeline is operating 
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FIGURE 2-3 

DOUBLE WALLED PiPE 

SERVICEPIPB PIPESUPPORT 

SOURCE: PERMA-PIPE, Division of MIDWESCO. Inc. 
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e' +, ' . llild.'r :I positiie head, losses tend to be rapid. For this 
& .'! l~J ,ol l .  ne\\ fcicilities employing a remote pumping system 
,. . . he equipped with a pipeline leak detector on thc 
. .  ~ .. ,~j~. '~~~,rgc side ofthe pump. These lcak detectors should be ;-a i,tp;ihli: of interruptjng product flow if there is a-drop in 
h . ", ~. nl-..,t~re in the delivery line. Figure 2 4  describes the 
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t,pcration of a leak detector of this type. 

()"e rrcurring problem with i-emote pumps is failure of 
ibc O-ringscal~. These seals should he periodically checked 
lor . i p s  of failure. 

1'hr Department recommends that all remote 
pumping systems in use be retrofitted with a 
pipcline leak detector to avoid large scale leaks. 
'rhese detectors are inexpensive and, in most 
c3scs. easily installed. . 

2. Suction Pumping Systems 

Suction pumping systems employ pumps located at the 
dispenser units to "suck" liquid out of the storage tanks. 
This type of pumpingsystem has decreased in popularity in 
recent years as STPs have become more sophisticated. 

From an environmental standpoint, suctionpumps have 
a built-in safety check. If there is a break in the line and 
pruduct leaks out, the pump will experience a loss of prime 
3nd will sputter and hesitate or not work at all. tlovfever, to 
be elfecti\,e as a leak detection method. there should be 
only one check valve in any suction line. 

3. Emergency Shutoff Valves 

The terminus of a remote pumping system should he an 
emergency shutoff valve such as the type shown in Figure 
2-5. These valves, also referred to as impact valves, are 
mandated by Chapter 7 of NFPA 30, The Flammable and 
Combustible Liquids Code [3]. They are typically located 
at the base of the dispensing unit as shown in Figure 2-1, 
and shut off product flow in the event that the dispensing 
pedestal is knocked over or exposed to tire. 

Monthly checks will make sure that the spring mechan- 
ism remains in good mechanical order. 

1. Leaks from Pumping Systems 

Although pumps do not represent a major source of 
spills or lcaks, incidents resulting from leaking pump seals, 
pump casingfailures, and losses of lubricating oil have been 
k n o w  to occur, particularly in the case of suction pumps 
or remote pumps which are mounted above (as opposed to 
in) the storage tanks. As a result, periodic inspections of 
pumps are necessary in a hulk storage facility: the Depart- 
ment recommends that such inspections be conducted at 
IeidSt on a monthly basis. 
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E. HOSES 

Hoses are generally used at bulk storage fxilitics to 
transfer liquid during loading and unloading operations. 
There are a wide variety of materials ciirrently used in the 
construction cl'hoses. As a general rule, the Department 
recommends tllat an!' hojr used for liquid transfer at bulk. 
storage facilities be UL listed for the intended service. 

The major causes o l  l e2h  and spills associated with 
hoscs include improper connection and handling of hoses 
during liquid transfer operations, leaks at joints or fittings, 
rupture of the hose due'to internal pressure, and abrasive 
wear of hoses. 

To  prevent leaks and spills from these causes, the 
following practices are recommended: 

e A trained operator should he present and alert 
during all hulk liquid transfer operations. 

0 It should he confirmed that the hose pressure 
specification is ad=quate for the intended service. 

c Hose guards should he provided for areas of high 
abrasion. 

a The hose should be inspected periodically for 
evidence of abrasion, cracks, or other signs of wear. 

o All hoses failing physical exams should be replaced 
as soon as possible. 



The Red Jacket leak detector is a pres. ing system. If a leak is present which GPM.This is the indication to the oper- 
sure sensing, diaphragm operated valve equals or exceeds this amount, as ator that a leak is present. 
designed to indicate a leak in the piping much product escapes from !he system. If there.are no leaks, pressure rapid- 
between the leak detector and dis- as is metered in lhrough theiaakdetec- iy builds in the system forcing the leak 
penser. tor, Under this-cbndi!lon pressure can- deteotor to open lo the full-iiow posi- 

When the submerged pump is turned not build up in the piping sysiem. When tion. in a system with no leaks i t  takes 
on, a control led amount of product a nozzle is opened a poppe! !n the leak only two seconds for a complete test. 
(three uallona Der hour) i s  metered detector moves to a oosition which No further line testin4 takes dace  until ~ ~ 

ihrough-the I d  d e t e c t i i i n k  the pip- restricts the flow to approximately 3 !he line pressure drobs bslob 1 PSI 

1. THE "TRIP" OR RELAXED POSI- 
TION. Under normal operating con- 
dit ions~ it is assumed that the lines , .. .~ ~~~ .~~~~ .~ ~~ 

areti l ied with gasoline which is es- 
sentially non-compressible. When 
the system pressure is less than 1 
PSI, the diaphragm and poppet are 
in their "down" or "tripped" posi- 
tion. The position ot the vaive "pop- 
pet" is such as to allow approxi- 
mately 3 GPM flow into the delivery 
line, through a bypass opening in 
the leak detecfor vaive poppet, 
when the submersible pump starts. 
Since the system is full, pressure 
builds instantly and the poppet 
moves to the leak sensing position, 
assuming there is no leak present. 

2. LEAK SENSING POSITION. As the 
pressure builds to approximately 8 

pensers. Leaks smaller than 3 GPH 
wi l l  be indicated by the Leak Delec- 
tor tnning longer lhiln two seconds 
to ooen comoletelv. If there is no 

detector ;ahe poppet.jn this posi- 
tion. ail the flow must then travel 
a w n d  Ine melerlng pin anlch lim- 
Its i t  IO approxmaisly 3 GPH rate. 
I/ rl s multairaus 103s !rom the svs- .. .. .~~ ~~ 

tern equals or exceeds this amoi i t ,  
the line Pressure will not build be- 
yond this pain! and the valve will 
remain in the leak sensing position 
with the main flow blocked. If there ~ . . . . ~ ~ ~  ~ . 
is an attemot to disuense while the 
valve is in' this position, the line 
pcessure will drop, the diaphragm 
will resaond and the oomet will 

I ~ . I  ;iiirA-G p&tion I p where approxi: 
mateiy 3 GPM will flow to the dis- 

ieakege in the system,, the smai 
flow around the metering pin in- 
creases the l ine pressure to 10 PSI 
in approximately two seconds at 
which point the diaphragm will snap 
the poppet to position 3. This all 
takes place in less time than i t  takes 

! the dealer to reset the dispenser, 
walk to the car, remove the gas tank 
cap, insert and open the nozzle.. 

3. NON-LEAK POSITION. This Dositton 

I allows lull flow. The poppei v:ill re- 
main in tnts position as long 2s the 
system pressxe remans above 1 
Psi. At less than 1 PSI the " O O D D ~ ~ "  

I 
. .. 

will return to position 1. 

r 
SOURCE: Red Jacket Pumps [6]. 
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A XEiiiQTE PUMP 
EMERGENCY SHUTOFF VALVE 

STAINLESS STEEL MAIN 
SPRING 

OPPER-NICKELCHROME 
4A.TEO BRASS STEM 

TEFLON COATEO I.D. OF 
PACKING NUT 

60RROSION RESISTANT 
SEAT RING 

STAINLESS STEEL POPPET 
RETAINING RING 

4 
SOURCE: OPW DIW1810NIDOVER GORP.  
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DERGWQUND STQRAGE FACILITIES 
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Proper installation is an important factor in 
preventing leaks from underground bulk storage 
facilities. 

..? 
liir 

34 
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-. ti. A. INTRODUCTION ;*. 

Many leaks are traced.to mishandling of storage tanks 
and equipment prior t o  installation or to  poor installation 
practices. The most common installation mistakes include 

i 
i 
I the following: 

o Damage to the protective coatings of steel tanks. 
o Structural damage to tank materials during trans- 

e The use of corrosive backfill materials. 
e Poor foundations, the lack of bedding, or improper 

0 Poor anchoring of tanks in high groundwater areas. 
Poor installation of tanks can lead to  tank settling,. tank 

tloatation, or deflection of the tank walls; any of thesecan 
result in damage to the tank or piping. Failure to properly 
level a tank during installation can lead to the creation of 
air pockets in the tank during its use,.preventing accurate 
measurement of inventorv losses and tank leaks. Damage 

portation and installation. 

compaction of backfill. 

- ?E 
to coatings. or the use of poor or improper backfill 

.% *telial. can lead to accelerated corrosion of underground 
:% tee1 tanks. 
,&y .cc Proper installation is so crucial that major tank manu- 

facturers warrant their tanks against failureonly if they are 
installed and used in accordance with manufacturer’s 
instructions. For this reason, tanks should be installed in 
strict accord with manufacturer’s recommendations. 

The DEC recommendations which follow should guide 
all tank installations. They are consistent with generally 
accepted practices and the recommendations of tank 
manufacturers. If this guidance is followed, installation 
related tank and piping failures should not occur. This 
guidance should be considered subordinate to site- specific 
engineering Dractices which may be rewired for an 

I .  

indibidual facility. 
- 

Other Installation Information 

Owens Corning Fiberglass Corporation has 
prepared a tank installation techniques manual 
nhich discusses solutions to some of the more 
common problems a contractor, inspector or 
engineer might face during installation of under- 
ground vessels [4]. Although its primary focus is 
on fiberglass tanks, the principles and guidelines 
are applicable to steel tanks as well. 

B. PLANNING AND DESICKING THE FACILITY 

Many storage problems are due to poor site conditions, 
or improper layout and design. These topics are covered in 
the American Petroleum Institute (API) Publication 1615, 
installation of Underground Petroleum Storage Systems 
[2] which is an  excellent guide for engineers, marketers and 
contractors in the design of underground gasoline service 
station systems. Table 3-1 summariLes the major planning. 
and design concerns presented in API Publication 1615. 
Copies of this document arc available from API at thz 
address given in the introduction of this manual. 

The actual location and orientation of all tanks and 
piping system components should be noted on as-built 
drawings, especially if there is a change from original 
drawings. PhY:ographs are also desirable to convey a 
physical idea of the location of underground equipment. 
Copies of all drawings, photographs, and plans should be 
maintained at the site for the life of the facility. 
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TABLE 3-1 

PLANNING AND DESIGN CONSIDERAT'IONS FOR 
INSTALLING UNDERGROUND STORAGE FACILITIES 

Site Conditions 

Soil Characteristics - Clays, wet soils. cinders and acid soils are highly corrosive and can significantly affect 
the rate of corrosion of metal tanks and piping. See Table 3-2 for ckasses of soil corrosivity. 

Depth to Groundwater-Tanks installed in areas of high groundwater or in floodways must be properly 
anchored. Tanks placed in water-filled excavations require ballasting and special installation. 

Land Use at the Site - Sites which contain abandoned pipes and tanks, agricultural drainage tiles. or 
landtill materials pose special installation problems. New metal parts may becomeanodicto old tanksand 
pipes. Fill may be highly corrosive. Agricultural drainage tiles or old storm drains may breach secondary 
containment barriers. Old buried tanks which were not properly tilled when they were abandoned may 
collapse and cause foundation problems for newly installed tanks and pipes. In  addition, stray electric 
currents from nearby underground power lines or from improperly constructed ele'ctric systems, such as 
D.CI welders, may cause problems of accelerated corrosion. D.C. current is the normal cause of stray 
current corrosion, 

Layout 

Tank Fill Openings -Tank f i l l  openings should be located to minimize manuvering during truckdeliveries 
and so that delivery trucks are not blocking driveways o r  located on public right-of-ways. 

Maps of Facilities- As-built drawings should be prepared so that undergroundelectrical circuits, pipes and 
tanks can be readily located. 

Design Considerations 

Bimetallic and Gahanic Cells - Dissimilar metals in proximity-to each other can cause prblems with 
corrosion. A bronze check valvejoined to a steel pipe, acopper water linecrossingthe,property,an electric 
Service grounded to water service. or weld metal which is differenf from the parent metal are all potential 
causes of corrosion. For similar reasons, new steel tanks should not be installed next to old steel tanks- 

Selection of Materials/Equipment -The choice of tank, whether steel o r  fiberglass, the dimensions of the 
tank, and the type of pump system may be determined by such factors as rock conditions, pumping lift 
requirements, or other site conditions described above. 

Traffic - The type and amount of traftic above tanks and pipe galleries affect the physical loads on 
underground facilities and therefore must be considered in the design. 

Venting - Each tank should be vented to prevent the buildup'of excessive pressure or the blowback of 
vapor or liquid at the fill opening when the tank is being filled. NOTE: Vapor recovery systems are required 
by 6 NYCRR 630 on new tanks with a capacity of 250 gallons or more located a t  facilities in Nassau; 
Suffolk, Rockland, .and Westchester Counties, and New York City. 
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TABLE 3-2 

CIASSES OF SOIL CORROSIVITY 

Soil Soil Resistivity 
Corrosivity Characteristics (Ohm-centimeters) 

Very low Well Drained 10.000 & higher 

Low Well Drained 5,000- 

Medium Poorly Drained 2,000- 

High Poorly Drained 1,000- 

Gravel 

Sand & Gravel 10,000 

Sand & Gravel 5,000 

Fine Sand and 2,000 
Silt 

Clay 
\'ery High Poorly Drained Less than 1,000 

C. SITE PREPARATION 

1. Location of the Excavation 

. Underground tanks must be located outside the prism of 
bearing pressure of structural footings so as not to receive 
foundation loads. To avoid footing pressures, under- 
mining the foundations of existing structures, a d o t h e r  
construction problems, tanks should, wherever possible, be 
located no closer than IO feet to a building. 

2: Excavation Size 

Instablesoils whereshoringisnot requiredtomaintaina 
vertical wall from top to bottom, the excavation sbould be 
large enough for the tank plus a minimum clearance of 24 
inches between adjacent tanks and between the tank sides 
and ends and the banks of the hole. This is large enough to 
allow tamping of backfilland toproperlycushion the tank. 
, In unstable soils such as muck, peat or dry sand, a hole 
equal to 1 112 thediameter of tank beinginstalled isusually 
necessary, Unstable soils are defined as those soils which 
hale either less than 750 Ibs/sq.ft. cohesion as calculated 
from an unconfined compression test, or an ultimate 
bearing capacity of less than 3,500 Ibs(sq.ft. 

If the excavation is oversized it should be backfilled with 
materials specified in Section F of this chapter, Bedding 
and Hackfill. 
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3. E.r;cavation Depih 

Figure 3-1 and Table 3.3 show the minimum depth of 
cwer  and thickness of bedding required for underground 
tanks. The e x c a d o n  depth is normally equal to these 
niininium depths plus I tank diameter. For atmospheric 
t a n b  ofs!eel construction, tanks may be buried deeper but 
in no case should.the burial depth be such that the static 
head imposed on the bottom of the tank exceeds IO psig 
with the fill pipe or vent pipes filled with liquid, unless this 
tank is designed for higher pressure service. Also, if the 
depth of cover is greater than the tank diameter, the tank 
manufacturer should be consulted to determine if reinfoxe- 
ment is required. 

Atmospheric tanks offiberglass reinforced plasticconstruc- 
tion may also be buried deeper but the depth of cover must 
not exceed 84 .inches (7 feet) over the top of the tank. 

4. Dewatering. the .Excavation 

In areas of high groundwater or where surface runoff 
leads to accumulations of water in the excavation during 
installation, site dewatering may be necessary. 

There are three methods for dealing with wateraccumu-. 
lation in an excavation: ( I )  water can be allowed to flow 
into an excavation and pumped out from sumps or ditches; 
(2)thewatertablecanbeloweredprior to excavating,using 
either wells, wellpoints or  ejectors; or (3) cutoff walls of 
slurry or grout can. be installed. Any one or a combination 
of these three methods can be used to effectively dewatera 
site. 

There are a number of factors which influence the choice 
of a dewatering procedure. Aside from the cost, these 
factors include the following: 

o The nature of the soil. 

o The size and depth of the excavation. 
e The proposed method of excavation and, if neces- 

D The proximity of existing structyes. 
e The construction schedule or  required duration of 

The bulk of this information can be obtained through 
test borings, and analyses of the hydrogeology of the area. 

Construction Dewatering, A Guide to Theory and 
Practice, by J.P. Powers [ I] is a good source of background 
information on site dewatering. In practice, if dewatering is 
required, an experienced professional engineer, geologist, 
or hydrogeologist should be consulted. 

The areal groundwater hydrology. 

sary, wall support. 

dewatering operations. 
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FIGURE 3-1 
DIMENSIONS FOR UNDERGROUND TANK INSTALLATION 

Liner Anchor 
Proof 
tan1 Car 

'E.6,: -3:t.: Pavement 

-Monitoring Well Compacted Backilil Conlammcnt Liner 

a 

7 
b 

Compacled Bedding 
Concrete AI 

\ \ \ \ \  \ \ \ \ \ \ . \  \ \ \- 

Key 
apavemenl thickness d.payemenl extension 
b.depth of compacted backfill cover 
c-distance between lank and excavation 

e.depth of bedding 
f.distance between adjacent tanks 

wall 

TABLE 3-3 
RECOMMENDED DIMENSIONS FOR 

UNDERGROUND TANK INSTALLATIONS 

TYPE OFTANK 

All Tanks 
Pavemen: Extensions(d) ................... 
Distance Between Adjacent Tanksif) ......... 
Distance Between Tank and Bank o f  

Excavationict .......................... 
Thickness of Compacted Bedding(=) ......... 

Steel Tanks 
With Traffic,Loads. 

Reinforced Concrete Pavemenlia) ....... 
Plus Compacted Backfill Coverib) ....... 

Asphaltic Concrete Pavementia) . . . . . . . .  
Plus Compacted Backfill Coverib) ....... 

Or 

Without Tralfic Loads 

MiNlMUM 
REQUIREMENT' 

12 inches 
24 inches 

24 inches 
12 inches 

6 inches 
18 inches 

8 inches 
18 inches 

Reinforced Concrele Paverneniia) . . . . . . .  
Pius Compacted Backfill Coverib) ....... 

4 inches 
12 inches 

'Unless Otherwise Noled 

Cover /s 36 Inches 
" In  We1 Hole Inslailafions, the Minrmum Depth o l  Compacted 

~ 

TYPE OFTANK MiNiMUM 
REQUIREMENT' 

Fiberglass Reinforced PlasticTanks (20,000 Gallons and Under) 
Maximum Burial Oepth(b) . . . . . . . . . . . . . . . . . .  84 inches 

6 inches 
18 inches:' 

6 inches 

With Traffic Load 
Reinforced Concrete Pavemenlia), ....... 
Plus Compacted Backfil! Coverib) ... ~ ... 

Asphal!ic Concrete Pavementia) ........ 
Pluscompacted BsckfiilCaver(b) . . . . . . .  30 inches** 

Reinforced Concrele Pavemenlia) . . . . . . .  

or 

Without Traffic Loads 
4 inches 

Plus Compacted Backfiil Coverib) . . . . . . .  : 12 inches** 

Fiberglass Reinforced Plastic Tanks (Over 20,000 gallons) 
Maximum Burial Deplhlb) .............. 

Reinforced Concrete Pavementla) ....... 
Plus Compacted Backfill Coverib). ...... 

Asphallic Concrete Pavemenl(a1 ........ 
Plus Compacted Backfill Cover(b) ....... 

84 inches 

6 inches 
36 inches 

6 inches 
42 inches 

6 inches 
24 inches 

With Traffic Loads 

or 

Without Traffic Loads 
Reinforced Concrete Pavementia) . . . . . . .  
Plus Compacled Backfill Coverib) ....... 



D. PREISSTALLATION TESTING 
ASD ISsPEcrios 

'1 11 Dcpirtment reconlmcnds that all rank be tested 
Once the tank has been dehered to the 

that the tank bc cleaned freeofdirt 
and prcsaure tested aboveground 

. .  
J, . .. : 
.,: 
I' 

i* $. unsoser a problem. 

ihc sile prior to installation. The test usually consists of 

l i t i m p .  and monitoring for pressurr: drop and bubbles. 
Svjping the whole tank is essentially cost free and may 

Fr~!hiiri~ing the tank to 5 psi, soaping all joints. seams and 

I_ .. 
.. 
I' . . .:v 

? >  

d 
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E. C.4RE IN HANDLING .>. 

.:>,. 

.Al:hough tanks are designed to withstand normal 
handling and to provide secure storage of its product. they 
muat not be dropped. handled with sharp objects. dragged 
orrolied.The protectivecoatings ofsteel tanks or theshells 
of fiberglass tanks can be damaged with mishandling. If the 
tank coating or shell is damaged, it must be repaired in 
accordance tcith manufacturer instructions. 

The proper way of moving a tank is by lifting it, using 
lifting lugs installed by the manufacturer. Slings, cables or 
cliiiins should never be used around the tank. 

I 0 1 .  Secondary Containment and Recovery System 
c, 
2. 

Th? Department recommends that all new underground 
installations include a secondary containment system. a 
monitoring well and a ne11 for recovering lost product.The 
drsien and installation of these systems are discussed in 
Chapter 4 (Secondan Containment) and Chapter 7 (Leak 
Detection), 

nicndeil for bedding and backfilling underground tanks 
and pipes. Pea gravel and crushed stom compact re:idiiy 
whcn placed in the excavation: this properiy makes them 
highly desirable as foundation materials. 

Ali backfill material must meet the requirements of 
ASTM-33. Paragraph 9.1 for quality and soundness. K O  
materials should have particles passing a $8 siese. In 
freezing conditions, the materials must be dry and free of 
ice and snow. Under no circurnstilnces \ ~ 1 1  backfill with 
frozen lumps bc acceptable. When they melt. these lumps 
can create voids in  the backfill. 

The supplier should be required to certify that the 
backfill and bedding matcrial meets these specifications. If 
acceptable material is not available. the tank manufacturer 
ora  professional engineer should be contacted forinforma- 
tion on the use of light weight aggregate cement slurry or 
other alternative materials and the proper installation 
procedures for each. 

Sieel Tanks. Although steel tanks are less dependent on 
backfill material for structura1,suppon than FRP tanks. 
the use of quality materials and adherence to sound 
engineering practices are essential for proper steel tank 
installation. Pea gravel or crushed stone/ gravel as specified 
for fiberglass tanks is prefcrred but a uniform clean sand or 
self-compacting gravel which is free ofrocks, clay, loam, or 
cinders is acceptable. 

3, Dry Hole Installation 

Once the secondary containment barrier and a 12 inch 
(minimum) compacted bedding is installed, the tank 
should be carefully placed on the bed and checked again to 
ensure that it is free of dirt clods. 

An underground tank should never be placed 
directly on a concrete slab, timbers, beams or 
Cradles. 

2. Bedding and Bacliill Materials 

Fiberglass Tanks. Fiberglass reinforced plastic (FRP) 
underground tanks receive as much as 90% of their 
structural support from the backfill and bedding used. The 
selection of backfill material is therefore an important 
aspect of the installation. 

FRP tanks should be installed using bedding and 
backfill of eithcr pea gravel or stonejgravel crushings. If 
pea gravel is used it must be a clean naturally rounded 
aggrefate with a mix of particle si7t.s with diameters not 
less than 1;s OF an inch or more than 3 , 4  of an inch. If 
stone; gravel crushings are used, they should be washed 
and free flowing. \sirh angular particle sizes not less than 
I 8 of an inch nor more than 1;2 of an inch. Figure 3-2 
s h o w  the size of pea gravel and crushed stone recom- 

The tank should'then be Iebeled and 12 inches of backfill 
placed along the bottom of the tank by hand shoveling and 
(amping to ensure that the tank is fully and evenly sup- 
ported. A board and long handled probe can be used to 
penetrate backfill and move it to fill any voids. It is 
particularly important to work soids free at the ribs and 
caps offiberglass tanks. One\vaS.ofcheckingtoseeifvoids 
have been removed is to enter the tank through the 
manway and to lightly tap the shell wall with a wooden 
screwdriver handle from side to side in the backfill area. 
Voids can be found by a distinct hollow sound. 

IC the tank is a cathodically protected steel t m k ,  the 
anode lead-wire attachment to the tank should be checked 
at  this point to assure that this connection has not been 
damaged. Where damaged, theconnection must be repair- 
ed in strict accordance with manufacturer's specifications. 
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FIGURE 3-2 

SIZE OF PEE GRAVEL AND CRUSHED STONE 

BACKFILL MATERIAL 
R E C o m n m r m  FOR BEDDING AND 

Gravel 

A clean naturally rounded 
aggregate wilh a mix 01 particle 
sizes not less than 118" or more 
than 314" is required. This 
materiai is commonly called pea 
gravel. 

Stone or Gravel Crushlngs 

Washed stone or gravel 
crushings with angular particle 
size not less than 118'' or more 
than 112' are required. 

'Note. Alt backfiil materials must 
meel ASTM C-33 paragraph 9.1 
!or quality and soundness. NO 
backfill should have particles 
passing a #8 sieve. 
In freezing conditions backfill 
must be dry and free of ice. 
Note: You should require your 
backfill supplier lo certify lhat 
the backfill meets this specifica- 
lion. 

I1 your backfill does not meet 
the above requirements alter- 
nate materials may be used 
under fhe following conditions 

1. Only on 4':hrouQh 10' 

t .  

diameler tanks. 

2. Particle size shall be a mix 
and can not exceed 112' with 
no particles passing a 6200 
sieve, The material must be 
free of organic materials. silt. 
dirt. or clay. The material 
musl also meet the ASTM 
specilicalion lor hardness 
relCrenced  above^ .~~ 

3. The material must be 
mechanically compacted in 
12' lifts to achieve a 90% 
relative density to support 
1he.tank. 

4. Vedlication 01 Ihe 90% 
relative density must be 
furnished to the owner in 
writing. 

S O U R C E  Owens-Corn ing  Fiberglas [4j 
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X'. _I I Levelinn the tank, and hand placement and I .",. . 
Ti? y 

.>&  ̂:.: 'I 
5 
'1 

compaction of fill along the bottom edges of the 
tank are important steps for proper installation. 

A 57 ' I compaction of fill along the bottom edges of the 1 

4 -7. :* Il'the tank i s  a large (diameter 12 feet or larger) F R P  
tank, anchoring in strict accord with manufacturer's 
requirements is necessary. 

Once the first backfill lift has been properly placed, 
successive 12-inch lifts can be similar1y.installed up to the 
sub-grade level for the slab. Placement and tamping of the 
soil in lifts will prevent flattening of the bottom of the tank 
and allows the tank to hold the cylindrical or spherical 
shape necessary for maximum strength. 

Hand placement and compaction to 95% Standard 
Procter is especially important for the bed, the first two 
lifts, and the last two lifts between the top of the tank and 
cover slab. 

If the backfill is brought to the top.of the tank, but 
further backfilling of the excavation is delayed,,it may be 
necessary to add water.to the tank as ballast. This will 
prevent flotation should thesite become flooded before the 
final cap is installed. Do not ballast the tank with water 
until the backfill is even with the top of the tank. 

. ,  L .i 

i 
.>&  ̂:.: 'I 
5 
'1 

;%, 
2 :.,.& 4. Wet Hole Installation 

- 
tank are important steps for proper installation. 

;": 

3. 
.Z?X 
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$ 
1 f. & can be damaged. 

Tank installations in high groundwater areas, or where 
the hole may fill with water, are much more complex than 

bedding. leveling and compaction of backfill are the same 
as for dry hole situations, the tank must usually be ballasted 
with water during installation and anchored to prevent 
flotation. Many tanks and connecting pipes have been 
placed into service only to be later damaged by high 
groundwater levels. Although fiberglass tanks are parti- 
cularly susceptible to flotation damage, even steel tanks 

First of all, the water level in the excavation should be 
maintained at the lowest practical level. The dewatering 
methods discussed in Section C of this chapter are usually 

If the water level in the excavation cannot be lowered, 
ballast must be added to the tanks. This is accomplished by 
partially filling the tank with water until it settles gently on 
the prepared bed. The ballast levd must never exceed the 
water level in the hole. Ballasting with petroleum or 
product is dangerous and not recommended. Figure 3-3 
shows the concerns associated with a wet hole installation. 

,:& 0 dry hole , installations. ' , ' Although the requirements for ~. 
p;. ... 

.II .. 

.,,. 

3 
f I 
>; 

$; 
> -  

F r succcssful. 

5. Weighting and Anchoring 

Anchoring or weighting of a tank is usually 
necessary to protect against flotation in high 
groundwater areas. 

Weighting or anchoring the tank is required under any 
circumstances where the ground may become saturated 
with water, such as in flood plains, groundwater aquifen, 
wetlands or in tight soils where rainfall and ninoff cannot 
be successfully diverted from the site. Because of their 
additional weight, steel tanks are less susceptible to 
flotation than-fiberglass tanks and smaller tanks are less 
buoyant than larger tanks. If there is any question on 
whether or not weighting or anchoring is necessary,. 
estimates of expected groundwater levels and calculations 
of bouyant forces should be made by a professional 
engineer. Buoyancy tables for fiberglass tanksare available 
in  the Owens-Corning Fiberglas Underground Tank 
Installation Techniques Manual. Tank manufacturers 
should be consulted for buoyancy information on steel 
tanks. 

All F R P  tanks over 12 feet in diameter must be 
anchored, whetber installed in a wet site or not. 

Weighting the Tank. Weighting the tank is accom- 
plished by burying the tank deeper and/or by adding a 
thicker surface (cover).slab. The  weight of the overburden 
holds the tank down. Sometimes buoyancy is counteracted 
by a concrete weight collar installed at the upper 1/3 level 
of the tank. Tnis is called mid-anchoring and requires 
special installation procedures which should be conducted 
under the supervision of the tank manufacturer or field 
engineer. 

Anchoring the Tank. Anchoring involves strapping the 
tank to a reinforced concrete anchor pad buried under- 
neath 12 .inches or more of bedding, or strapping it to 
reinforced concrete deadmen layed along each side and 
parallel to the tank. The weight of the.concrete and the 
overburden on top of the slab or deadmen provides the 

,necessary hold-down. force. The size of the concrete 
reinforcement bars, the size of the slab or deadmen, 
positioning, and strappingrequirementsdepend on the size 
of the installation and the soil conditions. They must be 
designed in accordance with accepted engineering practices 
and installed in accordance with manufacturefs recom- 
mendations. At a minimum, anchor slabs should be 8 
inches thick and extend 18 inches beyond the ends of.the 
tank and the vertical tangent line of the tank. Deadmen 
should be a minimum of 12 inches beyond the vertical 
tangent line ofthe tank. Deadmenshould beaminimumof 
12 inches by 12 inches and extend 12 inches beyond the 
ends and vertical tangent line of the tank. 

Anchor bolts should be imbedded in the slab and coated 
with epoxy to prevent corrosion. 

Anchor Straps. The positioning of anchor straps is one 
of themost important steps in anchoring a tank. The straps 
must be uniformly tight andspaced so that the load will be 
evenly distributed. On fiberglass tanks all anchor poinU in 
the bottom of the tank excavation should be spaced a 
distance equal to the tank diameter plus 1 foot from the 
point in the bedding directly under the center line ,of the 
tank. Straps must be aligned on the ribs designated by the 
manufacturer, not between them. 

On steel tanks, straps must be separated from the tank 
by apad made ofinert material. The pad should heatleast 
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FIGURE 3-3 

TANK BALLBSTfNG 

Nativs Soil 

%Water Surface 

If the water level in the hole cannot be lowered, tanks will need ballasting. Ballast water in tanks 
must never exceed water levels in the hole during installation. 
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2 incho \\ider thzn the hold down straps. I t  prebents 
scratchcs in the coating and electrically isolates the tank 
from the straps and anchor. Neoprene or asphalt-impreg- 
nated expansion joint matcrial is commonly tibed. 

G. PAVEMENT OPENINGS 

Any p a n  of the excavation which has an opening or 
fitting that is connected to the tank must be protected from 
traffic and the infiltration or collection of water from 
precipitation. This protection must extend the full thick- 
ness of the pavement. 

All fittings or accessways which extend through pave- 
ment openings must be raised at least one ( I )  inch above 
grade(the pavement surface),and the pavement mustslope 
upward to theedge ofthis opening,asshown in Figures34 
and 3-5.This prevents the drainage of precipitation into the 
tank or tank excavation. 

In many instances. there are cavities under pavement 
openings for functions such as pump access or imbiber 
bead pockets. The walls of these cavities are typically 
composed of materials such as square metal framing, clay 
tiles, or a section of culvert pipe. In any such situation, the 
cavity wall must never touch the underground storage 
tank. A minimum gap of three (3) inches must be 
maintained between the tank and the bottom of the cavity 
wall to prevent abrasion of the tank or  coatings. (See 
Figures 3 4  and 3-5 for illustrations.) 

H. COVER AND PAVEMENT 

The final step of construction is to place a compacted 
backfill cover. a IO mil (minimum thickness) polyethylene 
water barrier, and a concrete or asphalt slab over the tank. 
The cover material should be the same material as that used 
for backffiling and must be placed at a depth as prescribed 
in Table 3-3. 

The concrete or asphalt slab thickness is also specified in 
Table 3-3. The siab and polyethylene underlayment are 
recommended even if traffic loads are not anticipated. 
They provide a factor of safety against tank flotation. 
prevent water from entering the excavation, and safeguard 
against vehicle and equipment traffic which may accident- 
ally pass o\er the installation. (It is anticipated that some 
time in the 2 j  year lifetime of a storage facility, traffic will 
pass over the installation.) 

1. TESTING AND INSPECTIOM 

Since damage can occur at any stage of construction, it is 
desirable to make an inspection and perform a tightness 
test if the tank is dropped or accidentally damaged. This 
way the damage can be repaired before expensive addi- 
tional work is completed. As a minimum, a tightness test 

and inspection should be performed before installation as 
discusicd earlier, and again eitlrcr aftcr installation but 
prior to hackfilling, or at the conclihion of construction 
(after paving and all pipes and pumps have been installed). 

1. Tightness Tests 

If the test is conducted prior to backfilling, the usual 
method is to soap the tank.all fittings.seamsand dentsand 
inspect for bubbling when the tank is pressurized to5 psi. 
Large fiberglass tanks (over 25.000 gallons capacity) 
should be pressured to 3 psi. Air gauges should be 
monitored for one hour to observe pressure losses. Tank 
manways and the end caps of fiberglass tanks should not be 
approached while under pressure. 

I f  the test is conducted aEter installation and product 
has not been put in the tank, the tank may be pressurized 
with air as above anti monitored for'pressure loss. This k 
theonlytimethatthetankmaybesafelyairpressuretested. ' ' 

Air pressure testing is intrinsically inaccurate. I t  is only 
good for discovering gross leakage. 

Double-walled tanks can be readily checked for tight- 
ness by monitoring the annular space between the inner 
and outer wall by vacuum or pressure. 

Precision testing is recommended before a tank is placed 
in service. This helps protect both the tank buyer and the 
installer. 



FlGURE 3-5 

TANK PIPING DETAILS - SUBMERGED SYSTEM 

FIGURE 3-4 

TANK PIPING DETAILS - SUCTION SYSTEM 

VEHT L I N E  TO APPROPRIATE 
LOCATION (SLOPE TO TANK) 

ANGLE CHECK VALVE OR 

SUCTION LINES TO IEXTRACTOR ANGLE 

UIiDER PLWP CW. VALVE. m, 
/RISER AEP'O. VI/ EARM COVE 

OVERFlLL PREVENTION 
FLOAT VENT VALVE 

EXIST. W SOIL SAND OR QRAVELA 

VENT LINE Tb APPROPRIATE 
%TION (SLOPE T O  TANK) 

UANHO! F NANIFOLD ASSI., 

\ 

LEAK D E T E C T O R 4  

OVERFILL PREVENT~ON 
FLOAT VEHT VALVE - SAND OR GRAV€L n 

GASOLINE ' STORAGE e F I L L  TUBE 

Q.4. I, 6 " M A X .  
13 MIN. 

j 12" 

0 PEA G R A V E L  FOR NOM- NO S C A L E  NOTE: ELIMINATE CONC. SLAB IM  HMI- 
TRAFFIC A R E A S  a CONSTRUCT METALLIC TANKSIOR 

M F R .  APPROVED ALTERHATE) CONC PAOS (ONLY) AROUND M.H.'S. 

SOURCE: API Publication 1615 [2]. 
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z. Inspection 

i hteasuring the inside dimensions of the tank for round- 
ness is recommended for checking on the quality of the 
installation. Measurements can be done by entering the 
tank if 4 manhole esists or by measuring tank diameter at ’: I 0 the ill ‘rube prior td and after backfilling. If the tank is 

i entered. Federal OSHA safety codes should be strictly 
followed. 

If a manhole does not exist in the tank, the diameter can 
be checked at the fill tube riser. Making a tank diameter 
measurement at the riser is not a problem as long as the 
drop tube is not in place..All that is necessary to measure 
the distance from the tank bottom to top of riser with a 
dipstickand thenmeasurethedistancefromtopoftankto 
top ofrker bydrivinganailin thedipstick, catchingthe nail 
underneath the lip of the riser fitting and reading the 
measurement difference on the dipstick. 

Measurements of tank roundness are particularly 
important on fiberglass tanks, which depend on the 
surrounding soil for structural support. Excessive deflec- 
tion indicates residual stress on the tank which may cause 
cracking or may ,cause the suction line to penetrate the 
bottom of the tank. If deflections exceed the values shown 
in the following chart the tank manufacturer should be 
contacted before proceeding further with the installation. 

r .  

- 

I .* 

Tank Diameter Maximum Deflection 

6‘ 51 8” 
8’ 1%” 

lo’ I%” 
12’ 1%” 

Fiberglass tank manufacturers will not warrant a tank 
against failure unless these criteria and other manufac- 
turer’s installation requirements are followed. 

J. INSTALLATION O F  PIPING SYSTEMS 

Proper installation of piping system components is as 
important as proper installation of the storage tank. For 
example, in the API Leak Survey[7], fully I f3  of all leaks 
detected from underground storage facilities were in the 
pipingsystems. Adherence to proper material selection and 
installation procedures could have prevented most of those 
leaks. 

I. General Considerations 

Regardless of the type of pipe selected for a particular 
application, there are a large number of considerations 
which arecommon toany pipingsystem insta1lation.Thes.e 

include the design criteria presented in Section Hand Table 
3-1 of this chapter. Other considerations which apply 
specifically to piping include- the following: 

o Piping should be located in a sing!e trench. This will 
facilitate access to the pipe in case of a problem, and 
concentrate the piping so that future excavation at 
the site can be done safely. 

o Piping should be sloped a minimum of 1/8 inch per 
foot toward the tank so that lines can be drained. and 
so there is no accumulation and blockape of product 
vent lines. 

o Vent piping should extend at least 12 feet vertically 
aboveground and be a minimum of 2 feet higherthan 
adjacent buildings. The use of rain caps is endorsed. 

Figure 3-6 presents recommended minimum clearance 
dimensions for backfilled piping trenches. 

2. Galvanized Steel Pipe Installation 

Galvanized steel pipe has become an industry standard 
because of its low cost. Installers are intimately familiar 
with installation techniques and generally are quite 
proficient. The Department recommends that good piping 
installation practices, such as those found in API Bulletin 
1615 [ZJ, be followed. Such recommended procedures 
include the following: 

’ e Piping Location. Pipingthould be located so that it 
does not cross over underground tanks. Fwher ,  
installed pipes should not pass close to water lines. 
This practice will reduce.the possibility ofconducting 
stray electrical currents to the tank. 

0 The Use of Swing Joints. Doub!e swingjoints should 
be used at all changes of direction, and at the end of 
each line. Iliese joints help reduce.stresses that can 
loosen or crack pipes. Stresses can arise from 
settlement, temperature change, and misalignment. 

e Pipe Fittings. Pipes should be joined using standard 
I50 Ib. malleable iron fitting.% Careshould be taken 
to protect threads from damage and dirt. Thread 
lubricant (pipe dope) which is compatible with the 
product to be stored should be used. 

e Corrosion Protection; Cathodic protection isusually 

a) a sacrificial anode system which creates a 
galvanic cell conducting a protective electrical 
current towards the piping; or 

b) an imprevsed current system which sends a 
current supplied by the electrical utilities 
through a non-sacrificial anode to the tank. 

Further information on cathodic protection can be 
found in the DEC document entitled, Technology forthe 
Storage of Hazardous Liquids, A State-of4he.At’t Review 
(6). Both types of systems should be professionally 
designed, but in either case, the pipes should be coated 
against corrosion in addition to being galvanized. When 
the piping has been leak tested and proven tight, all joints 
must be coated and wrapped. 

i achieved through the use of either: 

0 ’  
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FIGURE 3-6 

MIMIMURI QlPllENSIONS FOR PlPIMG 1NSTALhaTIOltl 

e 

c 

0 

C I 

. .  - . 

. .  - 
). _ - - .  . . , . - 

NOTE 
Dimension a. twice the diameter of the pipe, but at least 4 inches. 

b. pavement thickness, 4" of reinforced concrete or 6 inches af asphaltic concrete. 

C. PaVement width is at least equal to excavation width. 
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3. Fibe.rglnss-Reinforced Plastic (FRP) Pipe Installation 

The corrosiori rcsistiint properties of FRI’ pipe are 
’ similar to those of FKP tanks. However, there are some 

important points to hc made regarding installation. 
Pipefitting. F R  F‘ pipe is normally joined with adhesive, 

bat other methods are available, including threaded adhe- 
sive arid mechanical joints. The manufacturers’iilstallation 
manuals provide rhe most detailed advice on joining 
methods. Important points to be remembered include the 
following: 

0 Both the pipe itselfand particularly theends must be 
protected from dirt and damage until joint makeup. 

a All joint surfaces must be meticulously cleaned. 
I I 

e 

Joint curing temperatures are Critical. A tempera- 
ture of at least 60°F must be maintained for the 
full cure time. If there is any likelihood that this 
temperature will not be maintained, auxiliary heat. 
should be used. 

.~ . 
%. 

8 
5 L Thermal Expansion. FRP pipe is inherently flexible and a doesnotrequireswingjointsifat least.4feet ofstraight run 

is provided between directional changes. Othenvise, swing 

fixed end constraints, expansion loops may be used. The 
size of the expansion loop is a function of the lcngth of the 
run. 

Inspection. It is recommended that one. person be 
rsponsible for piping inspection. Evidence of damage 
includes localized color differences called ‘.star crazes”. 

joints mu5t be used. Where long straight runs encounter 

3% 

can be identified by the following: 
bell.andspigot 

joint, a bead of adhesive i s  normally found at the 
edge of the bell. If the joint backs out before !he 
adhesive is set up, the bead will no longer be next to 
the bell. 

0 Cocked Joint. If a joint is misaligned. or  “cocked”. 
there will usually bea s a p  between the bell and spigot 
on one side.The opposite side will typicai1.y have no 
P a p .  
Improperly Cured Joint. If the adhesive bead is soft 
and flexible when checked.witb a knife after the cure 
cycle. the adhesive is faulty. 

4. Stainless Steel Pipe 

Thecommon perception ofstainless steel pipe is that it is 
astronomically expensive. In  fact. the installed cost is 
approximately triple that of ordinary galvanized steel. The 
Departmznt feeh chat this cost can be justified in  light of 
thc increased coxosion resistance and longer lifespan. 
particularly in sroitive environmental areas. 

SVAinlesj pipe t2.i ths important advantage of being able 
to br installed ukhour wrapping, coating, or anodes. 

The Department recommends the use of Schedule IO, 
Type 304s ta in l~ i  rreei wherejoints are to be.welded. and 

Schedule 40, Type 304 stainless steel wherejoints are to be 
screwcd. The backfill and geneml reclukement, are the 
k m e  as for other pipe materizls. 

5. Testing 

Air pressure testing of pipingis’recommended only for 
low pressure. service, such as tilling stations. The recom- 
mended procedure is as follow: 

e’  Isolate the piping system at both ends. 
e Soap all joints. 
* Gradually pressurize to lSO% ofworking pressure or 

a t  least 50 psi. Thegauge used should havea full scale 
reading of ,,o more than twice the test pressure (e.g., 
if the test pressure is 50 psi. the gaugeehould be no 
more than 100 psi full scale). 

a Inspect for bubble formation: monitor for pressure 
drop for an hour. 

0 No tightening or repairs should be attempted while 
the system is pressurized. 
Wrap or coat joints in preparation for backfilling 
operations. 

. 
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*-i. .... CHAPTER LJ: 

All new underground. storage systems should 
include a secondary containment structure which 
collects and contains a spill or leak, and should 
include provisions for rcmoving spilled or leaked 
material from the excavation. .. 

A. INTRODUCTION 

.+ 
Underground spill or leak containment systems repre- 

$en[ an important line of defense for protecting ground- 
wter  quality. They canalso act to enhance the effectiveness 
of leak detection systems in tank excavations by concen- 
trating the contaminant and channeling it to a monitoring 
sensor, and by confininga leak or spill until removal ofthe 
liquid is possible. 

Containment systems work by establishing a barrier 
around the storage tank(s) so that leaked liquid does not 
have a free path to escape from the storage excavation.The 
Department recommends that this be accomplished 

tanks: (2) tank vaults; (3) cutoff barriers or containment 
liners; or (4) sites with highly impervious soils. 

A secondary containment system would be inadequate 
without provisions for monitoring the containment area 
and removing leaked nr spilled product. Recommended 
practices for monitoring and removal are addressed in 
Chapter 7 of this manual. 

The selection of the best containment system for a 
particular storage application is dependent upon several 
factors, including the following: 
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s.. .'*' . .~ through the use of one of the following: ( I )  double-walled 
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:; 
. 0 The type and quantity of material stored. 

9 The level of environmental protection needed. 
e Groundwater levels. 
* Soil conditions, especially soil permeability. 

i; 
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$ For more information on secondary containment options, 
refer to the Department manual entitled Technology for 
the Storage of Hazardous Liquids, A State-of-the-Art 
Review ( I ) .  

The remainder of this chapter presents Department 
recommendations for the design and installation of 
secondary containment systems. Double- walled tanks, 
vaults. cutoff barriers, containment liners, and areas with 
naturally-occurring impervious soils will be discussed. 

'e 
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B. DOUBLE-WALLED TANKS 

? Double-walled tanks incorporate all of the fundamental 
requirements for leak prevention, including a secure 

stordgr vrwl, secondary containment via the outer  all. 
and innnitoring of the interbtitial space to check on the 
integrity of both the inner and outer walls. Such tanks. 
when built in accordance with the recomniended practices 
for doublu-walled tank construc tion discussed in Chapter 
I , ,  provide not only an efficient means of achiecing 
secondary containment. but also a high degree OF ovtrall 
environmental protection. 

C. VAULTS 

A vault is a secondary enclosure which houses the 
storage tank, contains any leaks from the tank, and 
provides protection from corrosivesoils. They may contain 
one, or more than adozenscorage tanks.Somevaults have 
an open intenor so that tanks can be entered through a 
manhole and .physically inspected and repaired. Other 
vaults are filled with a bedding of sand or  other acceptable 
backfill material which provides structural support for the 
tank; a typical situation would be the storage of very 
hazardous liquids where management decides that no 
contact with the liquid is the safest course.. 

I n  the case of open vaults, at least 24 inches of clearance 
should be left between the tanks and the vault walls to 
permit access for inspection. Tanks should besupported on 
cradles and properly anchored, with padding between the 
cradle and the tank. The ciadling must be consistent with 
acceptable engineering practices. 

If the storage tank is bedded in fill material, the bedding 
mustconsist ofatleast'l2inches ofcompacted backfill,and 
there must be at least 24 inches of clearance between the 
tank and the vault sidewalls to  allow for proper compac- 
tion of the backfill materia[. 

Reinforced concrete is the most common construction 
material used for vaults. If concrete is used, the reinforcing 
bars (rebars) should be epoxy coated to resist corrosion. 

Concrete vaults should be continuous structures which 
are impervious to water and the. stored product. The best 
construction method is to pour the walls and floor 
continuously. The vault cover can be added afterwards. 
The floor of the vault should be constructed with a slope 
(typically greater than or  equal to I j S  inch per foot) wliich 
channels any leaked or spilled product to collection 
trenches and a sump. 
Provisionshould be made forremovingsumpage from the 
vault. Thiscan bedone bya permanentlyinstaiiedpumpin 
the vault or by a tube permanently installed in the vault tO 
enable sumpage to be pumped from the surface. The 
collection sump is an excellent place for a leaklproduct 
sensing device to monitor the tanks (see Chapter 7). 

Concrete used alone does not provide an  effective liqurd 
barrier: leaks through concrete can occur in the vapor 
phase after even limited exposure times. Therefore. it 'is 
imponant to have a continuous structure with chemical- 
resistant water stops where joints are necessary. In  addi-. 
tion. the walk oftheconcretevault must becovered withan 
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internal chemical-resistant coating to prevent liquids and 
vapors Srom entering or leaving the vault. 

Vaults shouid contain no drain connections or other 
entries except top entry manholrs and other top openings 
for filling and emptying the storage tank, monitoring or 
inspecting the vault interior, and recovering any leaked or 
spilled product which has collected in the vault. These 
opmings all require waterproof seals. 

Structurally, a vault should be designedjust as carefully 
as other important projects. Most of the structural 
problems char have been experienced in vaults can be 
traced to the original design and construction. Vaults can 
be designed to withstand hydrogeology, earth movements 
and overhead traffic. 

Figure 4-1 shows a diagram of a typical secondary 
containment vault. Such vaults are occasionally used for 
petroleum storage but more commonly used in extremeb 
sensitive environmental areas where toxic materials are 
being stored. 

'Vaults are generally unsuitable in areas of high ground- 
water. I fa  vault is installed in such an area. there is a strnno 
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of the product out of the conrdinment area. This concen- 
tratss the spit1 or leak and great& enhances detectability. 
The cutoff barrier diould encompass the entire perimeter 
(side walls) of the excavation. and should estcnd five leet 
above the high grounduater level (preferably to the top of 
the excavation) and five feet below the low groundwater 
level or to the slab or excavation bottom, whichever is 
lower. This cutoff barrier must be imperxiots to and 
chemically compatible with (it. .  registaut to) the stored 
product. and be free of any holes, cracks. tears. punctures, 
or other means by which leaked product could escape from 

.the site. Figure 4-2 shows a diagram of a cutoff barrier used 
in a high groundwater area. 

Cutoff barriers are typically constructed of soil cement, 
bentonite, or asoil/ bentoniteslurry. However, it is possible 
to construct barriers of s p h e t i c  membranes .or clays. 
These materials are discussed in Section F of this chapter. 

* 

2. Excavation Liners 
a ~ ~~ ~~ 

lilklihood thai long-term deicrioration or chemical dec3y 
oi  th- vault msterials will load to ihc eventud 11oxiine of 

Continuouj containment liners, ore.sca\*xion liners, are 
suitable forsecondancontainmtni in ireas of low wound- 

L 

the inner chamber. resulting in the additional expense of 
continuous dewatering of the vault. 

In New York City, where much of the City's complex 
infrastructure is underground, the standard method of 
secondary containment is encasement. Underground tanks 
are embedded in concrete that is at least 12 inches thickall 
the way around the tank. This protects the tank both 
physically, and chemically by providing an alkaline environ- 
ment which is benign with steel. a .  

D. CUTOFF BARRIERS 'AND 
CONTAINiMENT LINERS 

Cutoff barriers and containment liners (which include 
excevation liners, trough liners and containment bags) 
function by providing relatively impermeable surfaces 
which prevent the flow of leaked or spilled product away 
from the excavation. These types of systems are typically 
installed in or around the tank excavation prior to tank 
installation and backfilling. The choice of a containment 
scenario depends upon whether the storage installation is in 
an area of high or low groundwater. The selection of a 
containment material is dependent upon several factors' 
which are discussed in detail later in this section. ,. 

1. Cutoff Barriers 

I f  the known low level of the groundwater table is above 
the bottom of the storage excavation, cutoff barriers may 
be used for secondary containment. In  thi6 type ofsystem, 
the groundwater actually acts as the bottom of the 
containment.The cutofl barrier prevents lateral movement 

L 

water. This type of liner is installed along the perimeter 
(sidewalls) and bottom of the excavation before the tank 
foundation and tank are installed and backfilling is 
initiated; the intention of the liner is to catch and permit 
recovery of any product which is spilled or  leaked a t  the 
site. The liner must be impervious to and chemically 
compatible with,both water and thestored product, and it 
must be free of any holes. cracks. tears, punctures, or other 
means by which leaked product could escape from thesite. 
The bottom of the excavation should be sloped with a 
minimum slope of 114 inch per linear foot to a dry well or 
collection sump where any water or leaked product will 
drain to facilitate detectionandallow for periodic removd. 

In addition. the excavation must havea watertight cover 
which extends a t  least one (1) foot beyond each side and 
end of the excavation. This cover can be constructed of 
asphalt, reinforced concrete, or a similar material which 
provides the required. protection from traffic, and should 
be sloped to drainways leading away from the storage 
excavation. The only openings in this cover should be those 
openings required for access to the tanks and any leak 
detection equipment, and these openings should he pro- 
vided with watertight caps. 

if an excavation liner.is to be installed in an area of high 
groundwater, that area must be dewatered until the liner, 
the storage tank and piping, and the backfill have been 
installed. In such an installation. the excavation backfill 
will apply pressure from its weight vihich will more than 
offset the pressure or buoyant force exerted by ground- 
water once dewatering has been terminated. In short, the 
weight of the backfill helps maintain the integrity of the 
excavation finer. 

A properly designed and installed excavation liner 
should enable the operator to monitor the entire tank 
battery from one monitoring well. The drawback of this 
system is that it sacrifices the ability to  distinguish exactly 
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FIGURE 4-1 

SECONDARY CONTAINMENT, VAULT SYSTEM 
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SCHEMATIC OF A CUTOFF BARRIER USED FOR SECONDARY CONTAINMENT 
IN AN AREA OF HIGH GROUNDWATER 
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' \\htch tlrnk is leaking in a multi-tank storage facility 
k c d u x  the entire excavation drains to a common sump. 

Escavation liners can he constructed of synthetic 
mi.nbraries. bentonite, clay. or soil cement. The selection 

c 

. -. 
-\: .- -. oi' the appropriate material depends upon the chemical 

product and the sitespecific . .,. 
,. . . characteristics of 
' I .$ _t [he>: liner materials are described in Section F of this 
& " chapter. 

' . '  &? Figure 4-3 shows a diagram of secondary containment 
using an excavation liner in an area of low groundwater. :.$A 33 
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'f 3. Trough Liners FA 

In areas where the high groundwater level is below the 
bottom of the tank, a sloped, trough shaped liner can he 
installed under each tank as shown in Figure 4- 4. The 
trough liner may be used with a single monitoring and 
recovery well at the sump hole of each trough, or with a 
LI-tub? leak detection system in each trough. 

The design and installation criteria for a trough liner 
(e.g.. the slope of the liner, requiremenis for watertight 
covers over openings in the storage area, the need for 
periodic removal of sumpage, etc.) are the same as those 
presented above for excavation liners. This type of contain- 
ment system is similar to the excavation liner system with 
the exception that each tank has its own trough and 
monitoring well. In  such an arrangement, the source of a 
leak in a multi-tank storage facility can be more readily 
identified. 

If  the native soils of a particular site have very low 
permeability, they can form a natural barrier to  the 
migration of leaked petroleum products, and he used as a 
containment material. Therefore, if in-site field permea- 
hilit! tests and other geological investigations show that 
soilsare impermeableandareawide inextent,and thereare 
n o  outcroppings of bedrock or other conduits for the 
escape of leaked product, no additional containment lining 
is required. Possible exceptions to this include the storage 
of highly toxic material and! or storage in environmentally 
sensitive areas. 

;!,r 
$g Permeability Guidelines 
$. 
!2 <i.! :*- 'j 
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e 0.035inch/day( Ix 10.' cm/sec) forfacilitieslocated 
within recharge areas for primary groundwater 
aquifers. 

cmjsec) for.facilities located 
elsewhere in the State. 

e 0.35 inch/day ( I  x 
.> . "  

"% 

~... 
Because any excavation will tend to fill with water 

during wet periods, construction steps are necessary in a 
storage facility in soils of this type. These include: ( I )  the 
instaliation of a watertight cover over the tanks for 

%. 
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draining surface water m a y  from the excavation; arld (2) 
the installation of a well which will serve for both 
monitoring and recovery. Figure 4-5 shows the comtruc- 
tion derails for a typical installation in impermeable soils. 

F. LlNER MATERIAL AND 
INSTALLATION PRACTICES 

The materials nhich artsatisfactory for theconstruction 
of cutoff harriers or containment liners include the 
following: 

Clay. 
e Synthetic membrane liners. 
e Concrete. 

Soil sealants, such as soil cement or bentonites. 
The properties and installation requirements of these 

materials are discussed briefly below. More information on 
these materials is available in the Department manual 
entitled Technology for the Storage of Hazardous Liquids, 
A State-of-theArt Review [I]. 

1. Clay Liners 

Due to  its general availability in many areas and relatively 
low cost, clay is often considered-the.first choice for a 
secondary containment liner. If the clay has a permeability 
rate of I x IO%n/sec or lower andis  installed properly, a 
clay liner will provide a suitable barrier against migration 
ofa groundwatercontaminant. The factors which influence 
the performance of clay liners include the following: 

0 Compatahility with the stored product, particularly 
in the case of certain organic liquids 

0 Thickness of the cia>,. 
e The shrink-swell potential of the clay. 

The plasticity of the clay. 
The moisture content, density, and degree ofcompac- 
tion of the clay. 

e The angle of the excavation sidewalls. 
I t  should be noted that some organic liquids degrade the 

mineral structure of clays and thus act to increase their 
permeahility. This may be true of some petroleum 
products. I t  is therefore important that the selection of a 
clay material for a particular application be based upon 
tests and investigations by an experienced soils chemist or 
soils engineer. 

Before installing a clay liner, it is necessary to first drain 
and stabilize the excavation. After drainage, the liner is 
then laid in place and properly compacted at optimum 
moisture level. The layer of clay should he at least 6 inches 
deep and compacted to 95% of,Standard Proctor. If the 
soils engineer recommends a clay liner that is more than 6 
inches thick, itshould beapplied inlayersnogreater than6 
inches to assure proper compaction. The installation of 
clay liners is a 'complex operation and requires the 
supervision of a field engineer and a trained.contractor to 
ensure high levels of quality control. 



0 Excavation Wide Liner - 
Figure 4-3 

FIGURE 4-3 
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FlGURE,4--4 

TROUGH LINER 
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FIGURE 4--4a 

CONTAINMENT LINER DRAIN 

\ 
Containment Area 

The pupose of this experimental liner drain is to allow waterto flow out oftheliner but retaining leaked product 
inside the liner. An API separator works in the same way, Petroleum floats on the water surface: as the water 
levelrisestothetopofthelineritalsofloatsupthroughthepipe.Sincetheinletofthepipeisabitlowerthanthe 
edgeoftheliner, waterwill flow outofthecontainmentthrought the pipe, ratherthan overthelip oftheliner.The 
floating product stays on the surface for detection. The key to installation is keeping the horizontal part of the 
pipe lower than any other part of the liner, to make sure any flow out is through the pipe. 
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FIGURE 4-5 

NATIVE SOILS 'NITH LOW PERWiEABiLiTY 
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2. Synthetic Mcmbr,?nes 

Synthetic membran; liners are polymeric materials 
\\!iiuh are manufactured in sheet form. Two criteria are 
critiml forsuccessful 1inerapplications.Thefirst ofthese i) 
chemical compatibility, Thc choice of Iincr materials which 
can successfulk withstand long-term exposure to petro- 
leum and petroleum derivatives is limitcd. The second 
important criteria is proper installation. Liners must be 
inctalled so there are no pressure points where the liner can 
tear or be punctured. 

As a class. synthetic membrane liners have several 
ad\antages and disadvantages. Their advantages include 
the following: 

4 There are a wide variety of liner materials, each with 

0 They have a good resistance to  bacterial 

0 They are relatiyely economical to install. 
e They can be used in many containment designs. 

In general, the disadvantages of synthetic membrane 

They may be vulnerable to attack from some 
chemicals, including ozone when compared to other 
lining materials. 

a They have a limited ability to withstand heavy loads. 
e They are difficult to properly install and are suscep- 

tible to laceration, abrasion, and puncture. 
e The) are prone to cracking atlow temperatures, and 

stretching and distortion at very high temperatures. 
Currently, there is research being done on developing 

better lining materials which are more resistent to gasoline 
desradation. The main problem 6 long-term exposure to 
the active solvent fractions of gasoline, mainly benzene. 
There are two liners coming to market which promise 
long-term resistence to hydrocarbons.They are: ( I )  Herclor 
- an epichlorohydrin rubber compound manufactured by 
Carlisle Corp. (3, and (2) a urethane' coated fabric 
manufactured by Seaman Corp. (6). More generic liners 
which have less chemical resistence are high density 
polFethylene, oil resistent polyvinyl chloride, and neoprene. 

The crux of the liner problem is that when a first-class 
tank is installed, leakage won? occur for many years. 
Therefore, when the liner is exposed to petroleum products. 
it uil l  already be several years old. During this time, there 
ma) be residual product in the soil from an earlier spill 
event. 

The manufacturers of the synthetic liners should he 
consulted on material selection. Long-term exposure to 
hydrocarbons should be the primary consideration in liner 
selection. 

The proper installation of a membrane liner is as 
important to the overall success of the application as 
material selection. Liner installation is a relatively.comp- 
licated task that should be performed by a qualified 
Contractor. with attention given to important details such 
as the following: 

* The base of the excavation should be compacted to 
prevent settling under the liner and tank after they 

individual qualities for specific applications. 

, deterioration. 

liners include the following. 

.are in use. 
0 Thc slopes of the escwatioii walls and floor should 

be stable to avoid coll;cpse aircr the liner has been 
installed. 

e l h e  base and sitle\vall areas that will contact the 
membrane should be finely finished, All rocks. 
rubble and dehris \\ hich could puncture the lining 
should be removed. Sand layers should be placed 
above and below the membrane to further prevent 
punctures and to facilitate underdrainage. 

0 The liner should be carefully placed and seamed 
(bonded) in  accordance with manufacturers' 
specifications. 

Considerations During Synthetic 
Liner Placement 

Use a qualified installation contractor who has 
experience with membrane liner installation, 
preferably the generic type of liner being installed. 

Plan and implement a quality control program 
which will help ensure that the liner meets 
specifications. Inspections should be documented 
for review and recordkeeping. 

Installationshould be done during dry, moder- 
ately warm.weather if possible. 

The excavation base and wall should be firm, 
smooth, and free of sharp rocks or debris. 

3. Concrete' 

Concrete, if spraped with a chemically resistant coating,. 
is sufficiently.impermeable to he used as a leak or spill 
containment material. A 6 inch slab constructed with an 
inexpensive 2500 psi concrete mix is adequate for this 
purpose. 

A concrete pad properly sloped to collect a leak or spill 
can serve not only as a containment structure but also as 
foundation and anchor for the tank. 

4. Soil Sealants 

Bentonites are excellent soil sealants when properly 
de5igned and when installed under the supervision of an 
experienced engineer. 

Bentonites are naturally occurring inorganic swelling 
c l ap  which are usually chemical treated. They are mar- 
keted under various trade names. Mixtures of soil .and 
chemically treated bentonites may be used to line excava- 
tions for underground tanks and COntain spills. When the 
bentonite is mixed with a sandy soil and saturated with 
water, the granular bentonite particles in the soilswell to fill 
the voids, forming an impermeable barrier. 

Before installinga bentonite liner. it is.necrssary to first 
drain and stabili7.e the excavation. The mixture of soil and 
bentonite is then used to line the walls and bottom of the 
excavalion.'The mixture is typically wetted to saturation, 
and compacted usinga wobble wheel or  steel wheel roller. 
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\\ I,?~I pt-cparing the bentonite mixture. the nlanuhcturer's 
,c,,~c:msnd;i~ions should be follosved a s  to the percent OF 
tlv; Lki) and soil, :he amount and quality of w t e r  u s d f o r  
,,L.L:ms. and the degree of compaction required. 

i<;.<nt raearch has shown that the impervious qualities 
,,[ i.cntunites may degrade upon exposure to certain 
< , , p f > i L .  ~olvents. Therefore it is imperative that an sxper- 
,c~x..:d soilschemist orsoilsengineerbe involved during the 
i,11~: material selection process to ensure that product 
,.,,,,:.irninent will be suffjcient. 

j. Soil Cement 

soil cement i s  a compacted mixture of Portland cement, 
L5ar:rand selected in-p1acesoils.The result isa lowstrength 
concrste with greater stability than natural soils. The 
permejbilityofthis mixture varieswith the type ofsoil used - a more granular soil produces a more permeable soil 

Soil cement is a suitablelining material for underground 
liners in some instances. However;caution should be used 
under the following conditions: 

D Hiehlyorganicsoilretardscement hydration because 
of absorption of calcium ions. 

0 Clean. well-graded gravels and crushed rock ,are 
sometimes unsuitable because of shrinking problems 

e Clays are unsuitable because of the difficulty of 
mixing a fine cement powder into a wet, cohesive 
clay, and because the clay's properties are not 
Significantly changed. 

0 Saline soil require a much larger cement content. 
In general, soil cements are more permeable. but less 

ispsnsixe, than bentonites, clays or synthetic membranes. 

Cem2JII. 

Highlights of Soil Cement Design and Installtion 

0 Preparation of the base walls is extremely important. 
The base wall should be properly finished. and well 
moistened before placing the concretc to prevent the 
liner from drying COO quickly. 

0 Soil cement mixtures must be stiff enough to avoid 
slippage when applied on side slopes, but plastic 
enough to consolidate well. 

0 Proper curing of the liner is important. 
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CHAPTER 5: 

STORAGE TANK REWABILITATiOM 
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Under certain specific conditions. an underground 
tank may be rehabilitated by installing an interior 
lining. This can extend a tank's life for up to ten 
years. NOTE: Some localities prohibit tank 
relining, so local authority must be consulted 
before beginning relining operations. 

3 $ L I 

This chapter presents recommended practices and 
guidelines for the interior lining, or rehabilitation, of steel 
and fiberglass-reinforced plastic (FRP) underground 
storage tanks. The interior lining of tanks can be an 
effective means of tank repair which can &end the usable 
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life of a tank. 
The activities assbciated with the rehabilitation of 

underground storage tanks include: (1)~freeing the tank of 
all petroleum, sludge and vapors; (2) cleaning the interior 
surface of the tank and preparing it for coating: (3) ~ 0 . :  plugging or patching holes inthe tank; (4) reliningthe tank 
interior; and (5) closing and sealing the tank. These 
activities are discussed below, with guidelines and recom- ! mendations given for repairing steel and F R P  storage 
tanks. Table 5-1 lists sources of technical assistance for 
safely carrying out these activities. In addition, the 
American Petroleum Institute has recently published 
recommended practices for tank relining [7]. 

I 
i 

A. GENERAL SAFETY PRECAUTIONS 

Personnel and general public safety are critical considera- 
tions during any prooedures that involve opening and 
entering a tank that contained petroleum. The following 
subsections descibr safety precautions which the Depart- 
mrnt recognizes as prudent and necessary for the rehabili- 
tation of underground storage tanks. 

TABLE 5-1 
SOURCES OF INFORMATTION ON SAFZ 
TANK REHABILITATION PROCEDURES 

0 API Publication 2015, Cleaninl: Petroleum 
Storage Tanks. Second E., 1976. 

e API Publication 20154. Guide for Con- 
trolling thr Lead Hazard Associated With 
Tank Entry and Cleaning, 1975. 

0 API R.P. 2003, Protection Against lgni- 
tions Arising Opt or Static. Lightning, and 
Stray Currents, Third Ed., 1974. 

e API Publication 1631, Rkommended Prac- 
tices for the Interior Lining of Existing Steel 
Underground Storage Tanks, 1983. 

0 NFPA 327, Cleaning Small Tanks and 
Containers. 

0 NIOSH, Criteria for  a Recommended 
Standard, Working in Confined Spaces. 
Dept. of Health, Education and Welfare. 
DHEW 50-106. 

1. Preperatiom for Opening the Tank 

Proper procedures for preparing the tank for opening 
and entry are essential-to ensure the safety of all persons 
involved in the tank rehabilitation procss. As such, the 
following are important: 

a Controlling Sources of Ignition: All sources of' 
ignition must be removed from the area surrounding 
the tank and vapor vents. All open flames andspark- 
producing equipment within the vapor exposure area 
must beshut down, and all electrical equipment used 
in the area must be explosion proof. 

e Removal of Liquid Product: As much product and 
sediment orsludgeaspossiblemust beremovedfrom 
the tank. Hand pumps should be used'to remove 
residual pioduct which is below the level of the 
product pump. 

a Removal of Flammable Vapors: The tank must be 
thoroughly purged of flammable vapors. Figure 5-1 
shows several common types of tank ventilation 
configurations. 

0 Testing Vapor Concentrations: After the tank has 
been vapor-freed, the flammability of the vapor 
remaining in the.tankshould be tested. Tank opening 
and entry operations should occur only after the 
vapor concentration is below 20% of the lower 
explosive limit (LEL). 

Guidelines for these activities can be found in API 
Publication 2015, CleaningPetroleum Storage Tanks [I]. 
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FIGURE 5-1 

TYPES OF TANK YENTSLATION AIR MOVERS 

EGUCTOR TYPE 

(SEEDETAIL < A )  

GL 

DETAIL 7A 

FIGURE 1 

DIFFUSED AIR BLOWER 

HOSE TO fila OUICK COUPLE 

COMPRESSOR 

SEE DETAIL ZA 

VALVE WITH GAUG 
GROUND CABLE 
(SEE NOTE) 

BRASS PIPE li/iDIA. Wlw 
FOUR ROWS OF35-'%*HOLES 
(140 HOLESTOTAL) 

DETAIL 2A 

4'TO FIRST HOLE 
MOTE. GROUND CABLE BRAZEDTO PIPE 

MUST BE CLAMPED TO FILL PIPE. 
USE IZGAUGE GROUND WIRE 
FROM FIU PIPE TO WATER PIPE 

PIPE MUSTTOUCH 
TANK BOTTOM 
FOR GROUND 

SOURCE: API 
Publicalion 1631 

OR GROUND ROD. 
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2. Opening the Tank 

If no manway or hatch exists. a hole with the minimum 
dimensionsol 18”x 18“(22”~22”maximum)can becut in 
the tank top (steel) or tank end cap (FRP). The tank nlust 
be cut using an explosion-proof (such as air driven) saber 
saw or snipper using lubricating oil to reduce friction, heat 
and possible sparks. Prior to the final cut, the section must 
be supported to prevent its falling into the tank. 

After the hole is cut, the tank vapors must again be tested 
to verify that the tank is stillwfe. The readings should be 
lower than 20% LEL. 

0 

3. Tank Entry 

.Persons entering an underground tank for rehabilitation 
activities should be equipped with positive air displacement 
equipment with full face- mask at all times. Such persons 
should also wear a safety harness which is connecred to a 
safety line held by an attendant outside the tank. The 
clothing worn by any personnel entering a tank should 
consist of the following: 

0 Cotton or other non-static producing fabric that 
covers the arms, legs, torso, and head. 

* Oil, water and chemical resistent boots. 
0 Oil, water and chemical resistant gloves. 

It  is important that vapor freeing and tank 
ventilation operations continue while personnel 
areinthe tank. If the tank is perforated, product or 
fumes that have leaked out may re-enter the.tank 
through the perforations. 

’ 

. 

B. REHABIEITATION OF STEEL TANKS 

1. Conditions for Rehabilitation 

A steel rank may be relined, or rehabilitated, only if it 
meets the conditions given in the box below. If the tank 
does not meet these structural requirements, it is unlikely 
that rehabilitation operations will be successful. If these 
structural requirements cannot be met, the tank’s service 
lire is over. It cannot be relined or reused. 
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A steel tank may be relined or rehabilitated only if it 

0 I t  has a minimum design shell thickness of 0.18 

e I t  has no open seam or split. 
0 It  has less than ten ( I O )  holes with none larger than 

one-half inch in diameter and no more than 2 nithin 
a I-foot radius. 

0 It meets all thestandards of the lining manufacturer 
for structural soundness. . 

A tank which fails to meet these.requirements must be 
removed or abandoned. 

To determine adherence to  these requirements. the 
interior surface of the tank must be tapped by a ballpeen 
hammer to investigate for soundness. Weak areas, holes, 
and seams must be ballpeen hammered to obtain struc- 
turally sound edges. Holes must be reamed until the steel 
edgearoundthe openingisa minimumof one-eighth(li8) 
inch thick. 

meets the following structural conditions: 

inch(7 gauge). 

2. Preparation of the Xank Interior 

Preparation of the tank interior inchdes procedures for 
sludge removal, if necessary, inspection of the tank surface, 
sandblasting of the tank surface, plugging of any perfora- 
tions, and installation of striker plates. 

Sludge Removal..Sludge which has accumulated in the 
tank constitutes a hazardous waste. It must be collected, 
placed in a tightly sealed container, and disposed of in 

‘accordance with Part 360 of the New York State Code of 
Regulations. Care should be taken during sludge removal 
operations to avoidcauses ofsparks orsources of ignitions. 

Surface Inspections. After any sludge has  been removed, 
the tank interior surface should be carefully reinspected to 
ensure that the tank meets the structural requirementsfor 
rehabilitation given above.. 

Sandblasting. The entire internal surface of the tank 
muss be sandblasted completely fcer of rust. scale, and 
other foreign matter in accordance with the Steel Struc- 
tures Painting Council Specification SPCC-SP 5-63. 
(S.S.S.a3) (White Metal Blast Cleaning). A White Metal 
Finish is defined as a surface with a gray-white uniform 
metallic color, slightly roughened to form a suitable surface 
for coatings. Following sandblasting, the entire surface 
must be brushed and vacuumed such that the.surface is free 
of all moisture, oil, grease, dirt, visible mill scale, rust, 
corrosion products, oxides, paint, or other foreign matter. 

Temporary plugging of all holes in the tank may be 
necessary prior to sandblasting to preclude re-entry of 
product liquids or vapors during the sandblasting opera- 
tions. Temporary repairs can be made with non-corrosive 
plugs ma+ of teflon or  nylon 
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Pernianent Plugging. Aftcr sandblusting. all periora- 

0 All perforations should be rcamed circular and be 
pluggcd x i th  boiler plugs made of non-corrosive 
plastic. These boiler plugs should be covered with ii 
laminate of resin and fiberglasscloth at least 6inchcs 

tiom should be permanently repaired as follows: 

2 
-_. 

lnstnllation of Striker Plates. Prior to the application of 
an interior coating, striker plates. if not present and it1 
satisfactory condition. should be installed under all tank 
access openings. such as the fill and gauging tubes. These 
striker plates are necessary to prevent or limit future 
d a m y  to the tank. such as that which could be caused by 
dipstlcking. 

Each striker plate should be a one-quarter ( l j4)  
inch steel plate with minimum dimensions of twelve 
(12) inches by twelve (12) inches. This plate size will 
11eI.p reduce both dipstick damage and blast erosion 
fromproductdelivery. Each plate must be bonded to 
the tank and must becox'ered with a laminate of resin 
and fiberglass cloth. 

. .. 5 
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3. The Interior Tank Lining 9' "" 

Thecoatingwliichisusedtolinetheinteriorofthe 
tank must. maintain a permanent bond to the 
tank, and must form a hard impermeable shell 
which will not crack. wear, soften, or separate 
from the tank surface for a period of at least ten 
( I O )  years. 

1 

Thc material which is used to coat the interior surface of 
le tank must be guaranteed to last for a minimum of ten 

( I O )  gears. This material must maintain a permanent bond 
writh the steelsurface of the tank, and it must be ofsufficient 
thickncss. density, and strength to form a bard. imperme- 
able surface which will not crack. wear. or soften. 

The Department does not specify minimum thicknesses 
in this manual because the minimum thickness require- 
ments willvary with thecoatingmaterial chosen. However, 
the coating material must be chemically compatible with 
the stored product. It must also have a coefficient of 
thermal expilnsion which is compatible wirh-steel so that 
s i r e s  due to temperature changes will not be destructive to 
the coating or the coating-to-steel bond. 
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The coating material must be applied in strict 
accordance with manufacturer's specifications. 
Coating must be allowed to fully cure before 
product is put into the tank. 

.- . 
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The coating material must also be applied as SOOII as 
posiblc after the jank surhce has been clcaned and 
sandblaslcd,so as to avoid accumulations ofdirt. grit. rust, 
or moi.sture.The Dcpartnieni recommends that m t  more 
than eight (8) hours elapse betwcerr surfwe prepnratiort 
and application of the coating. 

hfter applicatiun, the n a y  lining must be tssted for the 
presence of air pockets and pinholes. The D-partment 
recommends that an Elcometer Thickness Gauge or 
equi\alent be used to check the coating thickness. and a 
Bnrcol Hardness Tester or equivalent br used to assure 
compliance with manufacturer's specifications for hard- 
ness. An electronic spark tester or equally effective device 
should be used to detect the presence ofany holidays (holes 
or other defects) in the coating 

4. Closing the Tank 

After the interior of the tank has been coated, all 
manways or access ways which have been used to enter the 
tank must be closed and sealed properly to prevent future 
losses of product o r  product vapors. To accomplish this, 
the Department recommends the procedures described in 
the following paragraphs, and illustrated in Figure 5-2. 

If the tank had a manhole, the manhole cover gasket 
must be replaced with a new one before resealing. 

If  an opening had to be cut to enter the tank, this opening 
should be scaled using these procedures: 

Q A l(4 inch thick steel cover plate, rolled to the. 
contour of the tank, must be made to overlap the 
hole at least two inches on each side. 

e The cover should be used as a template to locate3.4 
inch diameter holes on five inch centers, one inch 
from the edge of the cover. 

e The cover plate should be sandblasted to the stan- 
dard set forth above, Both sides and {he entire inside 
surface must becoatedwithcoatingmaterial toactas 
a gasket. 

e Before thecoating on thecovercures. thecover must 
be fastened to the tank using 1/2 inch (minimum) 
diarnetet bolts. The bolt shafts are to be placed 
through the holes from the inside ofthe tank and held 
in place by spring clips, then fastened with lock 
washers and nuts which have been dipped.in a scam 
sealcr. 

0 After being bolted to the tank, the.cover plate and 
surrounding tank'surface must be properly sand- 
blasted, coated with coating niaterial,and allowed to 
cure before backfilling the tank excavafion. 

, 
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FIGURE 5-2 

INSTALLAT!OM OF TANK COVER PLATE 

COATING MATERIAL 

SPRING CLIP 

STEEL TANK SHELL 

COATING ON 
TANK INTERIOR 

STEEL COVER PLATE 

WITH COVER BOLTED IN PLACE FIAT WASHER WITH BOLT IN PL4CE PRIOR 
TO COVER INSTALLATION 

. 

CROSS SECTION 

SOURCE: API 
Publication 1631 
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one t h t  tank has been coated and closed, and beforc 

h;lchfilling has occurred, the tankshould be pressure tested 
to en,ure that all plugging. patching. coating, and sealing 

m&Ld tocertify to the tank owner that thestoragetank is 
liqiiid tight whenit is placed back inservice (see Chapter8). 
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pcecure> have been effective. A PrecisionTest is the bebt 
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The repair of F R P  tanks must be conducted by 
esperienced field personnel in strict accordance 
\\ irh manufacturers'specifications and guidelines. $*. 

,&$ 
,v-5 
;3?& 1. Conditions for Rehabilitation 
?.&; 

is economics. The cost of a replacement tank is 
compared to the repair costs, depending on type and 
extent or damage. In some cases, the cost of repair is 
greater than the cost of replacement, Particular 

improper installation, repair. will not .  correct the 
problem. 

There may also besome instances in which thestructural 
damage to a tank is so great that repair is not feasible or 
practical (as well as prohibitively expensive). In such 
instances. replacement of the tank is the only path to 
continued operation. Before rehabilitation of an F R P  tank 
isattempted. the tank manufacturershould beconsulted to 
determine if repair operations will result in a tank that 
continus to meet Department standards. 

2. Repair Procedure 

The repair or rehabilitation of fiberglass-reinforced 
plastic ranks typically involves patching holes or.cracks in 
thetankshellorendcaps, or repairingorreplacingcrushed 
or cracked ribs, In  any activity of this type,closc adherence 
to manufacturer's specifications is a necessity. The Owens- 
Corning Fiberglas Corp. Field Service Manual [6] is an 
excelirnt reference on this subject. 
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The repair of cracks or holes in theshell or end cap o f a  

1. Surface Preparation. The surface Which is to be 
repaired must be cleaned and roughened so that 
bonding with new resin material will be facilitated. 
Typically, the damaged surface is'ground or sanded 
tu g h e  it  a rough surface. and then solvent cleaned to  
remove all dust and other foreign matter. 

2. Patching the Damage. The crack or hole must he 
covered. patched, or bridged with an  approved 
material, such as a resin-impregnated fiberglass mat. 
The objectiveis tocoverthe damaged areaeffectively 
with a material that can be adequately bonded to the 
tank. 

3. Curing the Patch. The patch or  mat used to cover the 
damaged area is allowed to cure to bond.itself to the 
tank. After this step, the repair is basically complete. 

In  preparing thesurfaceand patchingthedamagedarea, it 
is typical to extend the area of repair beyond the area of 
damage. For example, in repairing small (less than4 inches 
in diameter) holes in F R P  tanks. Owens- Corning Fiber- 
glas Corporation directs their repair teams to grind 
(roughen) thesurfaceat least 6inches beyond thedamaged 
area in all directions, and to ensure that the patch that is 
used extends 4 inches beyond all sides of the damage [6].. 

The repair of damaged ribs requires similar steps. with 
the exception that the patch or replacement piece used 
must be in the original shape of the rib. This ensures that 
the repaired rib will supply proper structural support for 
the tank when it is under operational loads. 

F R P  tank involves the follouing steps: 

3. Testing 

As with the steel tanks, a precision test after repairs are 
complete is the only way to be certain that the repair was 
successful. A testing program more frequent than the 
schedule in Ch. 8 would be appropriate. to assure that the 
repaired tank is leak free. 
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CHAPTER 6: 
REcOM~"~ZER'DED PRACTICES F5R - 

CLOSURE AND ABANDONMENT 

i The use ofproper procedures forthe temporary or 
. *  permanent closure of underground storage tanks 
: ii important to preventenvironmentalcontamina- 
f tion and to ensure the future safety of the site.' 
! 

A. INTRODUCTION 

Table 6-1 lists some of the environmental and safety 
concerns that are associated with the proper closure of 
underground storage facilities. The options available for 
wmporar) or permanent closure of such storage systems 
&re as follow: 

0 Temporary closure: the tank and piping system are 
emptied and sealed to be'lemporarily out of service." 

are emptied and sealed, and the tank i s  tilled with an  
inert material. 

e Removal for reuse o r  disposal: the tank and piping 
systems are removed from the ground after being 
emptied. 

The remainder of this chapter further describes these 
alternatives and presents recommended practices for each. 

place: the tank and piping system 

B. TEMPORARY CLOSURE 

' 1. General Description 

Underground storage tanks which are out of 
service for 30 days should be temporarily closed by: 

I .  Removing all product down to the lowest drawoff 
.point. Waste and sludge must be disposed of properly 
following the hazardous waste regulaLions. 

1. Securing the rank by cutting off power to the pump 
and capping all openings to prcclude unauthorized 

0 

TABLE 6-1 

IMPORTANT CONSIDERATIONS IN 
STORAGE TANK CLOSURE 

o Product that is left in the bottom of the tank 
(e.g.. below the withdrawal line) will wen- 
tually leak out, leading to potential environ- 
mental contamination. and health hazard 
problems. 

(I Empty tanks left in place underground may 
be used for illegal storage or disposal o f  . hazardous wastes. 

' 
o Improperly closed tanks may beaccidently 

filled with a material that is incompatible 
with the previously stored material. 

0 Accidental intrusion into the abandoned 
tank site may occur. A classic example of 
this is children playing near an  abandoned 
.gasoline storage tank, where a casually 
discarded lit cigarette or match can lead to 
catastrophe. 

e A tank may be aicidentally reused in a 
sensitive application, such as for food 
product storage, without being properly 
cleaned and decontaminated. 

e Tanks left empty in the ground may even- 
tually collapse, causing ground subsidence. 

* An empty, forgotten tank could pose a 
long-term threat, such as a threat of explo- 
sion. if the site is excavated. 

2. Recommended Practices 

Leaking tanks are not candidates for temporary 
closing. They must be abandoned. repaired or 
replaced. 

The Department recommends that any temporary 
closure of an underground storage system include the 
following steps: 

I ,  Remove all product from ,the tank and piping 
system, leaving sufficient quantity in the tank (a 
minimum of 4 inches, a maximum of 6 inches) to 
assure a rich, no"-explosive vapor mixture. 
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2. b e  concretc casr io place 10 cap all fill and drav-olf 
lines. 

3. Lease the bent lines open. 
4. Cut off the power to all tank pumps and dispenser,. 
5 .  Secure the storage area against tampering. Isolation 

of the storage area through the uie ofa locked fence 
is recommended where practical. 

In lieuoflcavingstandingprodilct in the tank toensurea 
non-explosive vapor atmosphere, the tank may be filled 
completely with a water solution containing a rust and 
corrosion inhibitor(t0 prevent rusting or corrosion of steel 
tanks). This practice would serve the same purpose of 
removing all fire and explosion hazards while preventing 
corrosion of steel tanks during temporary closure, 

Considerations when water-filling a tank: 

0 

I. A tank that is leakingshould be removed or 
replaced. not filled with water. 

2. Any water put into the tank will be con- 
taminated by stored product residue. 

3. Proper disposal of the water must be 
planned beforehand. It should not be 
pu'mped out onto the ground. 

Tanks that have been out ofservice should be precision 
tested before being put back on line. This is particularly 
apropos if ownership or control of the tanks chanses 
hands. 

C. PERMANENT CLOSURE 

1. General Discussion 

The determination of whether to abandon a tank in 
place or remove it for reuse or disposal is dependent upon 
s e w a l  factors.suchas theageandcorlditionofthetank.irs 
salvage value, and its potential for reuse. Governmental 
regulations may,require tank removal. Other factors that 
are important include the following 

Tank Location. The depth that the tank is buried and 
the type ofsoil in which it is buried will affect the ease, 
and hence. the cost. of tank removal. The potential 
for damagc to concrete or asphalt traffic surfaces or 
nearby utilities should also be considered. 

e I'rojected Use ofrheSite Aftcr Closure. I f  site plans 
call for development that involves excavation or 
regrading to the lerel ofthe tank, it is very likely that 
the tank wil l  have to be removed. 

0 I h c  Cost and A\ail;lbility of Labor and Equipmmt. 
Tank remnval will require t lx use of heavy equip- 
ment and csperienced Vabor. If  the cost of thii labor 
and equipment is prohibitive. abandonnient in place 
may bc the preferred option. 

0 The Proximity ofthe Disposal Site.The proximity o l  
the disposal site can also greatly affect the cost of 
tank removal. Tank transportation costs could be 
prohibitive, making abandonment in place the 
preferred option. 

0 Regulatory Requirements. Local laws or ordinances 
may require rcmowl of the tank as part of any 
permanent closure procedures. 

a The Presence of Other Tanks. The presence of other 
tanks still'in use in the same excavation could affect 
the decision. If. for example, the tank which is to be 
closed is adjacent to an FRP tank, it should be 
abandoned in place to present structural damage to 
the remaining F R P  tank. See.Section 7 below for 
mnre infnrmatinn. 

The Department requires that any new steel tank 
installation include cathodic protection and an  
exterior corrosion- resistant coating. Therefore, 
unprotected (bare) steel tanks cannot be salvaged 
and reused in underground applications. 

2. Abandonment in .Place 

Tank removal isalways the first choice. However, 
situations may arise where abandonment in-place 
is a proper alternative. Examples are where 
removing one tank may disrupt or undermine 
other tanks in an installation; another is a tank 
which has been installed neara foundation: and its 
removal might cause undue settlement, 

Underground storage tanks may beeffectivelyand safely 
abandoned in place through the following sequence of 
procedures: 

1. Remove all liquid which can be pumped out of the 
tank and piping system. A hand pump or sucrion 
pump will be required to remove the bottom four 
inches of liquid from the tank. 

2. Any remaining product can be removed by floatingit 
with a small amotinf of water. Note that this 
contaminated water-product mix constitutes a haz- 
ardous wastc that must be disposed of according to 
applicable NYS regulations. 

Flammable vapors will be expelled through the 
tank vent and remaining fill openings during the 
water filling operation. Purged product may also 
flow out ofthe tankopeningsiftlietankisoverlilled. 
Therefore. the entire operation should be considered 
hazardous. and precautions should be taken to 
prevent v.apor ignition. 
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':;. Dig doun to the tank top at all fill and gauge 
openings and at connected lines. 

4. Rcinove. or disconnect and plug all but one of the 
tank3 fil l .  gauge, and product delivery lines. The 
r-maining accessway \Till be used to pump grout into 
the tank. 

5.  Disconnect. empty, and cap all piping. Care must be 
tdken to avoid spilling product from the piping into 
the esca\ation. 

6. 131 the tank with a solid. inert material such as sand, 
a combination of sand and earth, a concrete slurry, 
orgrout. This f i l l  material can be introducted into the 
tank through the manway (if  one exists), the opening 
rhat was used to add and remove'water (if large 
enough). or a hole punchedin the tank top using a 
backhoe or other equipment. This operation should 
be considered hazardous, and precautions should be 
taken to prevent vapor ignition. 

7. Disconnect and cap all vent lines. 
8. C o ~ e r  the tank with backfill material and grade. 

' 
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Underground tanks being abandoned in place must be 
filled to prevent the subsidence that would accompany tank 
collapse. Sand is an ideal fill material because it will readily 
110~ into the tank and it is generally available. Any type of 
sand is suitable as long as it is free of rocks which might 
prevent leveling out in the tank. The sand may be 
introduced into the.tank in dry form as long as itflows in 
fierlj and. when thecone nears the top of the tank, can be 
wabhed into the tank with a nominal amount of water and 
puddled to cause it to flow to the ends of the tank. The use 
of extenyive amounts of water should be avoided in .this 
instanc? as the rank might be filled with water before it is 
tilled Xvith sand. 

A cornbination of sand and earth can also be used to fill 
the tank as Ibllows: (a) f i l l  the tank with sand to 
approximately 80 percent of capacity; and (b) pour a free- 
f l o ~ i n g  mud consisting of soil and water into the tank 
opening and puddle until the tank is full. 

Concrete or grout slurries can also be used to fill tanks 
which arc being abandoned in piace. Depending upon site 
economic>, such as the availability and proximity of 
materials and labor requirements, these options may be 
somculiat more expensive than using sand or earth fill. 
tlowe\er. they will eliminate the need for puddling to 
ensure that the tank is completely full, and as such may be 
attracti\e alternatives in some instances, I f  one of these 
options is used. the tank drop tube must.be removed before 
the iank can be pumped full of the slurry. 

Drtailed records should be maintained during allstorage 
facilit? closure procedures. These records should include, 
at  a minimum. the following inloi-mation: 

The date of the closure operation. 

which remain in the %round. 

disposal (or use) of that product. 

~0 l h c  as-abandoned location of the tank and piping 

a Theamount of product removed and the method of 

0 The amoiinr of water used (for praduct removal) and 
the method of(treatment and)disposal ofthat watcr. 

0 l h e  location of tanks abandoned in placeshould also 
De noted on the propeny deed. 

3. Removal of UndergrQund Tanks 

The safe ramoval of .underground tanks from storage 
facilities can be accomplished. through the following 
procediiral steps: 

I .  Remove all liquid from the tank. I t  will be necessary 
to use a suction pump or hand pump to remove the 
bottom few inches of product. All liquids including 
water must be disposed of properly and not just 
spilled on the ground. 

2. Remove the f i l l  tube from the tank if one i s  present. 
3. Disconnect the f i l l ,  gauge, vent and product delivery 

lines from the tank. Cap or plug the open ends of all 
lines. Removeall liquid from thedelivery lines, using 
care not to spill any liquid into the excavation. 

1. Rcmove all flammable or otherwise hazardous 
vapors from the tank using one of the following 
methods. Note that the use ofany of these methods 
will result in the ielease of vapors to the surrounding 
environment. Hence safety precautions with regard 
to the handling of hazardous (especially flammable 
or explosive) vapors should be observed. 
(a) lfthestored productwill float on water, ifwater 

is available; and if there is a suitable means for 
disposing of wastewater, the tank may be over- 
flowed with water to expel any remaining 
product and vapors. Any remaining product 
should be pumped out as the tank fills. Care 
should be taken to avoid spillageof product and 
exposure to product vapors if a flammability or 
toxicity hazard exists. Once all product and 
vapor have been removcd from the tank, the 
contaminated water should be removed and 
disposed of in accordance with applicable state 
and local regulations. All tank openings should 
then be capped or  plugged, 

(b) An alternattr.mcthod would be to ventilate the 
tank with air. using .a small gas exhauster 
(eductor) operated withcompressed air (as from 
a portable compressor or other suitable means). 
The flowofairthroughanopeningoearoneend 
of the tank and the discharge of the vapor-air 
mixtureout an opening neartheoppositeend of 
the tank will remove any vapor present. The 
vapor concentration in the tank can be checked 
with a gas concentration indicator durinE the 
operation. When thctank isgas-free. cap or plug 
all tank openings. Note that any air hoses used 
during this procedure must be grounded to 
prevent static discharges, 
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(c) Another method involves the use of solid carhon 
d i o d e  (dry ice) to purge flammable vapors and 
render the remaining tank gases inert. Dry ice 
should be introduced into tlie tank in the 
amount of 1.5 pounds per 100 gallons of tank 
capcity; the dry ice should be crushed and 
distributed evenly over the tank area to assure 
rapid sublimation. After all the dry ice has 
laporized, all tank openings should be capped 
or plugged. 

5. Remove excavation backfill to uncover the tops of 

6. The tank may now be uncovered and removed from 

Belore the rankis moved from thesite, becertain that all 
holes are plugged or capped. Use screwed (boiler) plugs to 
plugany corrosion leak holes. One plugshould have a I / S  
in. vent hole to prevent the tank from being subjected to an 
escessive pressure differential caused by temperature 
changes. 

Tanks should be removed from the premises as promptly 
as possibleafrer these procedures have been completed, for 
the atmosphere in the tank will not remain gas-free 
indefinite?\.. If a tank remains at the site overnight. or 
longer, addidonal vapor may be released from liquid held 
in the scaleorsediment in the tank.Thevaporspaceshould 
again be tested and the ventilation process repeated if 
necessary. 

Extreme care must be taken in the offsite transportation 
of tanks hich contained flammable vapors. .All holes in 
the tank must be plugged and the tank positioned on the 
truck so that the plug having a 1/8" vent hole is located at  
the uppermost ponion of the tank. All transportation 
regulations concerning hazardous. materials must be 
followed. 

Detailed records should be maintained during these 
operations. These records should include, at a minimum, 
the date of the operation. the methods of product and 
vapor purginp. and the amounts of product removed and 
the method of disposal of any waste liquids. 

the tank and any product lines. 

the escavation. 

4. Junking of Tanks 

When tanks are no longer f i t  for tlie storage of 
flammable liquids or are considered junk, they should be 
disposed of. \Vhether sold to a junk or scrap dcaler or 
discarded at an acceptable facility, sufficient holes should 
be made in ranks to render them unfit for further use. 

When a tank is gas-freed it should be punctured with a 
p d a x ,  chisel. or other heavy, sharp object: or many large 
holes may be drilled into it .  When a tank is nor gas-free it 
should be filled with water until overflowing and punc- 
tured. as above- uhile full or water. (NOTE: As previously 
stated. this large volume of water may become difficult to 
dispose of since it is contaminated.) Junked tanks should 
not becut up wit h a  torch becauseofthepossibilityofan 
explosion. 

As ail added precaution, regardless of condition, the 
tank should be labeled irl legible letters with tlie following 
information: 

"Tank Has Contained Flammiihle Liquids 

Sot Gas-Free 

Not Suitable for Food or Drinking Water" 

Prior to thejunking of tanks, the latest applicable waste 
disposal regulations should be checked to determine if 
special attention or preparation is required. 

5. Reuse of'storage Tanks 

Used state-of-the-art tanks (constructed of fiber- 
glass or coated steel) may have structural or 
coating damage. They should be thoroughly 
inspected and tested before being reused under- 
ground.. Unprotrcted steel tanks should never be 
reused.for below ground storage. 

Any state-of-the-art storage tank that is retised for 
underground storage should include secondary contain- 
ment, leak monitoring and overfill prevention. 

At a minimum. any tank which is to be reused must 
undergo a thorough internal cleaning and careful inspec- 
tion of both the interior and exterior surfaces. Tank 
cleaning procedures will include water-filling of the tank to  
remove all residual liquid, and manual remoml of any 
product sludge, rust,andscale that remainsafter the water 
and product have been pumped out. 

In any tank cleaning operatian. concern must fmus on 
worker safety. Whhourproper safeguards and procedures, 
injury or property damage may result from one or more of 
the folloning 

e Explosion or tire. 

0 T h e  presence ortoxic liquids,vapors or duststhat are 

0 Physical hazards such as slipping. tripping or falling 

For more information on the procedures involved in 
tank cleaning, the degree of hazard associated with these 
operations, and the precuationarj steps tkak shou\d' be 
taken. please refer to the sources listed in Table 6-2. 

The goal of any tank inspection is to determine if the 
tank has sufficient integrity to be put back into service. The 
internaland esternalsudaces must be thoroughly inspected 
to determine if any pinholes or evidence of structural 
damagc are present. All seamsshould becarefully inspected 
for cracks or othersigns of \Year or decay. The thickness of 
the rank wall should also be checked to ensure that it meets 
or exceeds tlie requirements of t h e  Bulk Storage.Code. 

Oxygen deficiency. 

dangerous to breathe. 

objects. 
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TA5I.E 6-2 

REFERENCES FOR TANK CLEANINC OPERATIOSS 

API-2015 
Cleaning Petroleum Storage - r a n k  

API-20ljA 
A Guide for Controlling the Lead Hamrd Associu:.d with Tank Entry and Cleaning 

ASSI-Z28.2 
Standard Practice for Respiratory Protection. 

API Pub. 2013 
Clean Mobile Tanks in Flammable or Combustible Liquid Service. 

NFPA 327 
Cleaning Small Tanks' and Containers. 

KIOSH. criteria for a recommended standard. Working in Confined Space. 
DMEW 80-106. 

-!'hebe publications may be obrained from tlw following organizations: 

API Publications: American Peiroleum Institute 
2101 L Street. N.W. 
LVashington, DC 20037 
(202) 457-7173 

ANSI Publications: .Rmerican National Standards Institute, InC. 
1430 Broadway 
New Yolk. W.Y. 10018 
(212) 868-1220 

National Fire Protection Association 
Bnrterymarch Park 
Quincy. MA. 02269 
(617) 328-9230 

Xational Institute for Occupational Safety and Health 
Public Health Service 
Center for Disease Control 
National Institute for Occupational Safety and Hsalth 

KFPA Publications: 

KIOSH Publications: 
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The Dcpxtment recommends that ii~ousti~al oi' iiltra- 
wnic te,tingquipment be used toinspect storage tank\ for 
striictiira~ llati>. Spark testing equipment should also be 
used on coa:ings to detect pinholes or holidays in the 
coatings. \lore information on this type of equipment is 

the Stornge of Hazardous Liquids, A State-of-the-Art 
Review (1). 

Insome jituarions.rcliningma). be required to bring tli2 
tank in compliance with Department standards for reuse. 
Chapter 5 addrrbses tank rehabilitation in detail. 

, . -  ~i\ailablc in : the Department publication Technology for 

7. Abandoning Steel Tanks Adjacent to F R P  Tanks 

Ifthe permancntclosiircof;isteel tarrk\\liicliisadjncent 
to a n  FRI' tank is occessary. this stecl tank hhouId be 
abandoned in place. This is necessary to pretcnt structural 
damage to the liberglass-rein~orc-d plastic tank due to the 
loss of laterulsupport. Impropi.rabandonnient or removal 
of the steel tank in this instance could lead to settlement. 
\rhich \&oukt probdbl). Came a failure in the F R P  tank. 

. 
6 .  Storing Tanks for Reuse or Disposal 

Used tanks that ha1-E been gas-freed cannot be kuamn- 
teed to remain gas-free because of the potential for the 
retention of liquid product (which may eventually vaporize) 
in crevices 2nd under scale. I t  is therefore important that 
tanks stored for rwse or disposal be handled with caution. 
The recommended procedures for storing used tanks are 
listed beloiv. 

Tanks should be stored and secured .where they can bi 
safeguarded. usually on the locked premises ofa  tank user 
familiar with the hazards, or at another location where the 
general public will not have access. An open, fenced yard 
area, apan from other fac 

Before storing tanks. it is desirable to have them gas- 
frred vis steaming or mechanical ventilation. If such 
F~cilities for pas-freeing are unavailable, tanks may be 
oYerflo\red with water to expel vapors. and then drained. 

Tanks will also become gas-free by natural ventilation if 
stored ofltheground withall openings downand open for 
a protracted period. During this period of natural breath- 
ing caused by temperature change. the vapors may be 
uithin their flammable limits. To assure safe operations. 
thecondition of thetanks5hould beindicated byalabelor 
sign and they should be protected from unauthorj7ed 
personnel during this period. 

Any gas-freeing operations may release scale or sludge 
containing hamrdous materials. Such scale or sludge must 
be carefully handled. and must be disposed of in accor- 
danceaith applicable federaLstateand local requirements. 

Gas-free tanks may be safely stored with unplugged 
openings. hut plugging of all openings is recommended to 
heep tank interiors clean. 

Inan! ofthe foregoingcases whereall tank openingsare 
to bc tightly plu_egetl. scrcwed plugs should bc used, and 
one plug should have a I i 8 in. vent hole to prevent the tank 
from being subjected to an  excessive pressure diflerential 
c;iu,ed b j  temperature changes. 

The torrner contents and present vapor state of cach 
tank. if knonn.  or the pis-freeing treatment and d i p  
should be indicated by an appropriate label on the tank. 

0 

. .  
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01 L.eal, detection systems and inventory monitoring 
practices that provide continuous surveillance for 
leaks and spills are an important requirement in 
underground bulk stomge installations. 

A. INTRODUCTION 

Surieillance for a leak or spill from an underground 
storage tank is an extremely important function of any 
bulk storage installativn. This is best accomplished with a 
leak detectionsystem.The purpose ofthedetectionsystem 
is to inform the operator that a leak has occurred before the 
Icak can become a significant environmental health or 
safety problem. 

The recommendations which follow focus on the types 
atid operation of leak detection equipment, and represent 
minimum objectives for owners and operators of bulk 
storage facilities. 

The types of leak detection systems which may be 
employed include the following: 

0 Interstitial monitors of double-walled tanks. 
0 In-tank testing equipment. 

Systems which monitor the excavation, such as U- 
tubes. vapor wells, observation or liquid sensing 
wells, and collection sumps equipped with sensors. 

Leak detection is important at all underground 
storage facilities. Even.a small pinhole leak, if 
undetected over a long period, can cause serious 
environmental contamination. A leak as small as 
0.2 gallons per hour will result in a discharge of 
1,750 gallons per year. 

In addition to the use of leak detection systems, 
tank operators should monitor their storage 
inventories daily and maintain derailed inventory 
records. 

B. INVENTORY MONlTQRlNG 

Detection of leaks is facilitated by proper product 
accounting (recordkeeping), regular inspections of the 
vibible parts of the product bandling systcm, and prompt 
recognition of the’conditions that indicate leaks i n  under- 
ground tanks and pipin& Inventory monitorin& is a 
tcchnique that is widely applicable to any stored or 

Evidcnce of leakage from buried tanks and pipelinel can 
he gatheied froin inwxtory control records and fr?m 
abnormal operation of pumping equipment. The following 
are some orthe the more obvious symptoms ofsuch leaks: 

0 Loss of product in a tank during periods when 
product is not dispensed usually indicates a leaking 
tank, but might also indicate faulty accounting or 
metering of the product. theft, or extreme tempera- 
ture change. 

Q An unaccountable increase in water in an  under- 
ground rank ma3 be caused by a leak in the tank if the 
ground surrounding it is saturated. Under such 
circumstances. uilter may leak, into the tank instead 
of product leaking out. The increase in water may 
also be caused by a leaking p u g e  or fill cap. and 
these should be examinea and made watertight. i f  
necessary, before concluding that the tank is at fault. 

a Increasing differences between the amount of pro- 
duct received and dispensed may indicate a meter 
calibration problem, theft, or a leak in tanks or 
piping. 

0 Where fill boxes are located remotely from the t a n k ,  
differences appearing consistently between the 
amounts invoiced and the tank gauges after deliveries 
may indicate a leak in the remote f i l l  line. In such 
event. the lint should be tested. 

‘ e A hesitation in the delivery from a suction pump may 
indicae a leak in the suction piping, although such 
hesitation may also be caused by a leaking foot valve 
or, in warm weather, by vaporlock: Should this 
occur, the inventory control records may indicate. 
whether the cause is mechanical or whether product 
is actually being lost. 

e In a remote pumping system, pump operation 
without product delivery may indicate a leaking pipe. 

0 Anothersimple check is to record product depth with 
the gauge stick at the station’s close of business and 
a p i n  at  start of day. The longer this period, such as 
weekends o r  pump repairjservicing, the more 
accurate the test. 

The Department recommends that any bulk storage 
inventory monitoring program include measurements of 
the following items: 

* The level of product in each tank. 
8 The level of water in each tank. 
0 Product sales. 
0 Deliveries to and.draw-off from each tank. 

These items should be measured and recorded at least 
once prr day. and daily records should be maintained of 
pains or losses hased upon fhese measurements These 
records should be maintainedand kept on thepremises for 
a t  Irast 3 years. 
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FlGURE. 7-1 

A TYPICAL IN-TANK TESTIN-. SYSTEM 
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DETAIL Source: Veeder Root, Inc. [3] 
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5 - hientor). control mcasurements may be made hy gauge, .. 
gauge stick. or by readout from an automatic gauging 
system such as the Veeder Root system described iii 
Section D. Guidance on tank s u g i n g  is available in API 

ocli Control a t  Retajl Ouilets [I]. and from the New 

Whatever inventory monitoring system is used. that 
% !$ s)stem~boiild becal?ableofdrtectin_sachangK(usuallyan 

$ increase) in the tank water levcl exceeding I inch on a day 
3 with no delivery. or apparent product losses exceeding one 
'& ~ of the following: 
.? 
-I .,A 
% Y . 
~5 - 
P* this a certainty. 

:: 
?. 

I62 I ,  Recommended Practice for Bulk Liquid 

Association of Service Stations 121. 

e 0.75% of product stored. 
e 7.5 gallons per 1000 gallons ,delivered. 

hentorycontrol  optimallycan detecta loss of0.50%of 
product stored. Generally, 112 of I percent loss indicates 
that there is likely to be a problem, but 0.75% loss makes 

$ 

3 C. INTERSTlTIAL MONITORlNG IN 
DOUBLE-WALLED TANKS ! 

g 
Systems which monitor theinterstitial space between the 
11s of double-walled tanks using either vacuum sensors 

surveillance available. In such systems. a leak can bK 
detected due to failure of only one of the two walls of the 

before stored product has left the rank and entered tile 

In interstitial leak monitoring systems, sensors would be 
used to monitor tanks that have a vacuum drawn in the 
space between the tank walls. Failure ofeither the inner or 
outer wall is detected by loss of vacuum. Such systems are 
applicable in either wet or dry hole.installations. 

Fluid sensors, on the other hand. would be located 
bet\vern the tank walls to detect the presence of liquid due 
to failure ofthe inner wall(detectingan outflow of prodnct) 
or the outer \ball (detecting an inflow of water). Such 
cystems are moreapplicablein !vet holeinstallations where 
failure of the outer wall will result in the presence ofa  Huid 
in theinterstitialspace. Becausefailureoftheouterwallcan 
go undetected if fluid sensors are used in dry hole, 
installation$. such an application is not recommended if 
pressure sensors can be used instead. 

In the case of either type of interstitial monitoring 
3, ' syslem. it isimportant that the lank beconstructed loallow 
3 B for free m o v h e n t  of fluids or gases in the space between 
9 the tank walls so that a leak anywhere in the.tank can 
d. :; activate strategically .located sensors. 

sensors represent the best mode of continuous leak 

the operator can be made aware of the leak 

.$ .' environment. 

<. 
% 
$ 
# 
,$ ' 
6 
g 

.:. g 
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D. IN-TANK TESTING EQUIPMEST 

In-tank toting equipment. as shoxn in Figure 7-1. a n  
be a n  efkctive method of leak dctection. Such a system 
usually consists ofa probe pernianmtl)' mounted inside the 
tank which continuously nionitor:, tlic 1 x 1 s  of product 
and water in the tank. To assure that a small contiiiuous 
irdk doej not go undetected. such a System should be 
capable nfdetectingany leak greater than two-tentlis (0.2) 
gallons per hour, or roughly five (5) gallons per day. of 
water flov into the tank or product tlow out of the tank. An 
example ofsuch a system is highlighted in the box insert 
belox 

In-Tank Sensing Equipment 
The TLS-150 gasoline tank level sensing sytem 
by Veeder-Root can identify inventory losses and 
accurately track fuel dispensingand deliveries PI. 
M'hen in its inventory monitoring mode, this 
system continuously monitors the tank and 
provides an hourly printout of inventorychanges. 
Inaddition, this leak detectionsystemcan provide 
an instantaneous tank inventoty report which 
includes the following: ( I )  date and time; (2) level 
of product: (3) volume of product; (4) temperature 
oftheproduct;and(5) the height ofthewaterlevel 
in the tank. 

Courtesy: Veeder-Root, Petroleum Products 
Div. (3)  

E. EXCAYATJOT4 MOMTORING SYSI'EhlS 

Surveillance systen'is which monitor for product which 
has leakedinto theexcavationcan beeffective undermany 
circumstances. These include U-tubes, vapor wells, observa- 
tion or liquid sensing wells,and collection sumps equipped 
y i t h  leaksensors. Theleak.detectorchor;enfora particular 
storagesystemdependsupon the nature ofthe productand 
the hydrogeologic conditions of the excavation site. 

1. U-tubes 

A U-tube consists of a 4 inch diameter (Schedule 40) 
PVC pipe installed as shown in Figure 7-2. The horizoAra1 
segment of the pipe is half-slotted (typical slot size- 0,06 
inches). wrapped with a mesh cloth to prevent backfill 
infiltration. and sloped (pitched) toward the sump with a 
slopeon theorderof 1/4inchperfoot. Atthe higherendof 
the pipe there is a 90 degree sweep to a vertical pipe thatis 
extended to grade. At the lower end of the horizontal pipe 
there is a tee connection with a vertical pipe; this vertical 
section is extended to grade, and extended 2 feet below the 
tee to act as a collectionsump. All vertical pipe sections are 
unperforated, and the bottom of the sump is sealed to be 
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leak proof. All openings to graclc are provided with 
wiitcrti@hr capr capable of bcing sealed. i t  is imperatiw!hi! 
these tubes be secured against products accidentally being 
delivered into them. 

These tubes may be installed under each tank in a n  
exca\ation. o r  centrally located in the excavation. I n  either 
case. the excavation bottom ninst be sloped slightly (a 
niinimuin of 1, 4 inch per foot) toward the U-tube to permit 
cd lx t ion  0 1  any leaked material. 

The collection sump of the U-tube should be equipped 
with a removable sensing device which is capable of 
detecting I %inch ofstandingproduct or a 118 inch layer 
of product on water.Thissensingdeviceis installed soas to 
activate an alarm which is strategically located above- 
ground. Leak sensing devices a r e  discussed further in 
Section 5 of this Chapter.. 

I T  the vertical section of the U-tube is designed as 
described abobeand shownin Figure7-2, leaked orspilled 
product can be readily recovered from the collectionsump 
using standard eq.uipment such as a 3 3j84nchsubmersible 
pump. Construction of the vertical section in this manner 
also permits easy sampling of leaked material to pinpoint 
the source of a leak. This ma>' be necessary in situations 
where two or more similar products arestored, such as in 
an excawtion housing both leaded and unleaded gasoline. 

U-tubes can be used only in situations where the 
excavationisabove the high level mark ofthegroundwater 
table (dry hole installations), the excavation has been 
provided with an impervious secondary containment Payer 
on its floor, and the installation is covered with a 
waterproof cap. In  such cases, any leaked material will 
e\entually find its way to the U-tube's collection sump, 
where it can be detrcted without water interference. 

2. Observation Wells 

Observation Cvells are used to monitor for leaks from 
underground tank installations in areas of high ground- 
water. Here. groundwater will be present in the excavation 
for most or all of the year. A diagram of an observation. 
well installation is s h o w  in Figure 7-3. 

An observation well. or liquid product sensing well, 
consists of. at a minimum, a 4  inch diameter (Schedule40) 
PVC pipe placed in the tank excavation. The wells are 
constructed with a well screen long enough to provide a 
lengtliof5feetormoreabovethewatertable,ortothewell 
cap. and extending a minimum of 5 feet into the ground- 
water or2feet below the tank bottom, whicheverisgreater, 
Well screens typically have aslot size of0.02 inches, and are 
extended to grade and covered with.a water proof cap 
which is Capable of being sealed. 

As is true of the vertical section of the U-tube. if 
observation wells are constructed as describrd above and 
s h o w  in Figure 7-3, they can be used for, leak sensing, 
direct sampling. and product (and contaminated ground- 
water1 recobrr). \\'hen leaksensors are used, they must be 

capuble of'detccting a li&inch layer of the stored product 
on the ground\',ater surface. and they must activate a 
btrate@ically located aboveground alarm when that product 
is detected. 

'1 he selection of the number and location of observation 
wells in a pnrticular storage system is dependent upon the 
local hydt-ogeology. including parameters such as the 
groundwater floudirection. The Department recommends 
that any instiillation using obsewation wells employ at least 
two (21 wellb in each excavation. 

Existing sites may have observation wells drilled to 
groundwater. providing the location and orientation of the 
tanks and piping is known. 

3. Vapor Wells 

A vapor well is similar to an observation well with the 
exception tliat it is intended for the monitoringofvapors or 
odors from underground storage systems. Such a well 
consists of a 4 inch diameter (Schedule 40) PVC pipe 
installed in the ehcivation within 5 feet of the tank. In dry 
installations, these wells extend to the containment liner on 
the floor of the excaation. In we1 installations they.extend 
into the groundwater. 

The wellscreensinvaporwellsshould haveaslotsizeof 
0.02 inches. In dry hole installations, thescreened opening 
should extend from the containment volume floor to.8 
height of at least 5 feet. In wet hole installations, the well 
screen must belong enough to provide a length of 5 feet ar 
moreabove the watertabli.andshouldextendaminimum 
of 5 feet into the water table or 2 feet below the tank 
bottom. whichever is greater. 

Vapor wells can be used only at uncontaminated sites. 
Once product vapors have entered the well, they will 
remain tliere until'theirsource has been removed (the leak 
has been pinpointed and repaired) and the well has been 
purged free of residual vapors. lfthe well cannot be purged, 
the vapor well must be either retrofitted with an alternate 
means of sensing leaked product, or abandoned. A 
diagram of a'typical vapor well is given in Figure 7- 4. 

4. Collection Sumps 

Collection sumps can be used-in dry holrinstallationsas 
a collection mechanism which aids in leak detection. 

Inthis typeofsystem,thefloor ofthestorageexcavation 
(or secondary containment liner) is sloped at  a rate greater 
tlianorequal to 1/8inchperfoot toacol1ectionsump.The 
sump should be at  least 2 feet deep and be extended to 
grade via, a t  a minimum, a 4 inch diameter (Schedulz 40) 
PVC pipe, and covered with a waterproof cap. This 
extension is essentially.an observation wellscreened in the 
region of the sump. The sump should. be equipped with a 
removable leak detection sensor capabls of detecting 1/8 
inches of standing product, which activates a strategically 
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FIGURE 7-3 

EXAMPLES OF OE3SEWVA'P"!ON WELLS 
EACH WELL CONSISTS OF 4' PERFORATED PVC PIPE. DRi'dEiii A T  

LEAST 2 FEET BELOW THE BOTTQM OF THE TANK AND A T  L E A S T  
5 FEET INTO THE GROUNDWATER 

WATERPROOF OVERFILL PREVEPdTlON M A M W A Y -  ALLOW EWTRY 
CABS CAPABLE OF DEVICE WITH EXTRACTABLE INTO THE TAHK- EXTEHS3OM 
BEING SEALED TEE T O  QRADE FITTING PO GRADE (OPTIONAL) FITTING 

FIHISHED GRADE 

LI 
SECTION (OPTIONAL) 

BPACING AND FlLL TO 
BE IN ACCORDAWCE TO 

2' TANK MAMUPACiUREW 

I SBEClFICATlO?dS 
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Source: James Pirn, Suffolk County Dept. of Health Services 
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FIGURE 7-4 

WATER TABLE 
i 

IMPERMEABLE PLUGS 

BOREHOLE CUTTINGS 
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Is-*;. --ex-*' 

-\&..,..n (, ,,:i].~bIc for monitoring leaks from y+-yT% -.L p r o k t t ~ x  s~orags filcilitics include the 

rkcri;x.i$ Coi~duc\ivity Sensors: This type of sensor 
jCrcct &t ic .s  iii rhe thermal cdnductivity of its 
cnr-gnmmcnt to determine ifproduct ispresent.They 
rl~;iy be used ineitherwet ordryinstallations, andare 
pariicularly applicable for  the detection o f  
hydrocarbons. 
Electrical Resistivity Sensors: These sensors rely on 
clian~es in.the resistance of a wire due to exposure to 
thestored product.Theyareapplicableforeither wet 
or dry installations. Petroleum products degrade~the 
rubber coating around the wire, creating a short 
circuit. 
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0 Gas Drtcctors: This type of scli=,or is genereliy 
applicable in arcas of prrmeahk soil or backfill. and 
is particularly applicable in instances \bhere the 
stored productishighlSvolatilcaild theexcavation is 
dry (free of groundwater). 

Another option in the case oCU-tubes. ohservation wells, 
and collection sumps is direct sampling. While more 
acyrate,  this option is more expensive than the use of 
scnsors. and assuch is only employed in instances where it 
is necessary to pinpoint the source of a leak (e.g.;in 811 

instance where tanks containing similar bt!t different 
products, such as leaded and unleaded gasolines, are 
located in the same excavation), 

When thermal conductivity and electrical resistivity 
sensors are used. the level of accuracy is important. Such 
sensors must be able to detect lis-inches of standing 
product, ora 1;8 inch laxer of product on the ground water 
surface. 

More information on the advantages and drawbacks of 
the various.types ofsensors described above is available in 
the Department manual Technology for the Storage of 
Hazardous Liquids, A State-of-the-M Review (4). 
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CHAPTER 8: 

'UCHTXESS TESTING FOR 
STOHAGE SYSTERIS 

L 

Storage system tightness tests milst be performed 
on a regular basis. and must incorporate equip- 
ment and procedures which have been approved 
by the Department, 

c 
A. INTRODUCTION 

In many instances, the contamination caused by leaking 
underground storage tanks or piping has gone undetected 
for months oreven years. At this point it is widespread,and 
very difficult and expensive to correct. Such situations 
should obviously he avoided. Regular testing and inspec- 
tion of underground tanks and piping provide for early 
detection should such leaks occur. This chapter presents 
recommended practices and guidelines for inspection, for 
preliminary testing and final testing of underground 
storage systems. 

B. INSPECTIONS OF UNDERGROUND TANKS 

The inspection techniques which are recommended and 
described in this section areessentiallyscreening techniques 
(often called preliminary tests) which can be used to 
develop B gross determination of the tightness and integrity 
of underground storage system components. The purpose 
of these techniqucs ortestsis two-fold: (I) todetectexisting 
leaks in the tank or its associated piping; and (2) to avoid 
sudden Failure of the tank while in Service by performing 
tests to determine tightness and integrity. These inspection 
techniques include the following: 

e lnspections during tank installation. 

* Checking for water in tanks. 
* Monitoring of cathodic protection systems. 

Checking tank bottoms. 

1. Inspections Prior to Backfilling 

The inspection of a storage tank system prior to 
backfilling is an  essential component of a comprehensive 
storagesystem installation procedure, The inspection ofan 
FRP tank installation should include, at a minimum, soap 
tests of tanks in place prior to backfilling. Soap tests 
involve applying asoap solution to the external surface of 

the tank. pressurizing it to 3 or 5 psig. and inspecting the 
tank closely for bubbles which would indicate air leab. 
The choice of the test pressure lewl is dependenr upon the 
s ix  of the tank as outlined in Chapter I .  The test pressure 
should he monitored for at least one hour. 

The inspection of a steel underground tank prior to 
backfilling should include. at a minimum. soap fc.sts ofthe 
tank in place, spark tests or holiday tests of the exposed 
external coating.and inspeciions ofthe cathodic protection 
system to ensure proper connection (iriring) and operation. 
The type of test most appropriate dependsiupon the 
coating type. 

2. Checking Tank.Bottoms 

Experience has shown that many steel tanks develop 
leaks inanarrow handalong the bottom.This often occurs 
becausesmallamountsofwatercondenseout ofthcstored 
liquid and settle a t  the bottom of the tank.This phenom- 
enon can result in internal corrosion of the tank. 

This internal corrosion will often he aggravated under 
the tank's 611 tube o r  gauge hole as protective rust is 
removed by liquid flow against the tank bottom or the 
impact.and movement of the gauge stick, either of which 
could lead to localized corrosion. Liquid flow through fill 
tubes and the action of gauge sticks can also lead to 
localized wear in fiberglass- reinforced plastic tanks, 
ultimately resulting in leaks. 

The Department recommends that preliminary tests o r  
inspections be conducted at  least twice per year using the 
techniques outlined below to test for the presence oflarge 
leaks in the bottoms of underground storage tanks. Due to 
other variables whichare discussed later. these preliminary 
tests are only useful in dctectingthe presence oflarge leaks. 
The failure to find a leak using these techniques does not 
indicate that a tank is completely leak-free, but if they do  
reveal a leak. a more conclusive (and more espznsive) test 
becomes unnecessary. 

Checking Under Tank Openings. The Department 
recommends that tank owners and operators inspect the 
areas under the openings of their undergound tanks, such 
as the areas under the fill and gauge openings. A relatively 
simple method of testing for large holes in steel tanks is to 
construct a probe by driving an  aluminum or brass nail 
(soft metals will prevenrsparkinEin an empfytank) into the 
end of a gauge stick. leaving about 3i4 inch protruding. 
This gauge stick can then be used to check for a failure in 
the tank bottom under the fill and gauze tubes hy probing 
or "feeling"the tank bottom with the nail head. This test 
requires a technique that is quickly learned, and it can be 
successful in identifying large 1eaks.This test is unsuitable 
for F R P  tanks, or interior lined tinks. 



Checking the Remainder of the Tank Bottoms. T l ~ e  
bottom ofthe full length otthestorage tankcan becheckcd 
for large leaks by adding water and measuring for a 
dccrmse in \ w e r  level oter time. This technique is 
docribed in detail in the National Fire Protection Associa- 
tion's Standard XFPA 329. Underground Leakage of 
Flammable and Combustible Liquids [I]. This inspection 
technique will work only if it is practical for the stored 
liquid to come in contact nith water. and if the liquid tevcl 
in rhe !;inkissufficiently higher than thegroundwater table 
tu overcome the hydrostaric pressure of the groundwater. 
This test is most effecti\cly employed when a tank can sit 
without prpduct being added or withdrawn for a t  least 48 
hours. preferably longer. 

3. Checking for Water in Tanks 

lfcontinuousmonitoringofthewaterlevelin the tank of 
a given storage system is not used, then the tank should be 
checked regularly for the presence of waterand the level of 
that uater. For example. the watercontent of the tank can 
be determined when gauging the tank, both during 
dcliveries and inventory checks, by using a water-finder 
pastesmeared on the bottom portion ofthegaugestick. An 
unaccountable increase in the water level may indicate a 
tank leak. especially if the increase occurs after a heavy 
rain. However. before concluding that the presence of 
w t e r  is due to a faulty tank, the fill cap, its seal, and other 
connectivns should be checked to ensure that they are 
performing properly. 

I f  a test of this type or a continuous water monitor 
idicates that a significant amount of water is present (e&, 
abo\e the pump orpumpsuction pipe), the tankshould be 
tested for leaks using a more definitive (final) test, 

4. Inspection of Cathodic Protection Systems 

When a steel tank and! or associated piping is equipped 
with cathodic protection. inspection and maintenance of 
the cathodic protection system is essential to ensure long- 
term effectiveness. In the case of an  impressed current 
system. the flow of current may fail because of anode 
dctcrioration, broken lead wires, rectifier malfunction or 
interruption of power. Impressed current rectifiers should 
be checked monthly and adjusted as needed [4].The output 
of rectifiers should be monitored with a voltage or current 
indicator. At least once a year, tank-tosoil potential 
measurements must be taken to check the adequacy of 
protection and determine if any rectifier adjustments are 
necded [4], 

The cathodic protection system should produce a struc- 
turc-to-soil voltage ofat least 0.85 volts as measured on the 
tankat the most distant point from the anode byacopper- 
copper sulfate reference half-cell (or equivalent half-cell 
rifcrence). The-O.X5 voltageshould be monitored annually 
and rnantained for the life of the tank. If the structure-to- 

soil potential is I n s  ncgutivc than -0.85 volts. the cathodic 
protection must be restosed to that level, or the tankshould. 
be tcsted for tightness annually. 

Soil conditions can sometimes result in a reading which 
doesn't fall in the normal -0% to -1.50 volt range. This 
sitmiltion can be secognized when the lacilit) is put in 
service. T h e  structure is still cathodically protected if the 
anodes raise the structure-to-soil potential at lease 300 
millivolts. 

Galvanic cathodic protection systems arc also suscep- 
tible tosystemfailure,duetosuchplienomenaastl~elosrof 
tank or pipe coatings. broken xsirts, and shoit-circuited 
electric insulators. In these types of cathodic protection 
Systems. measurements of tank-to-soil potential and anode 
output should be made annually. 

C. FINAL OR PRECISION TESTS 

The Department approves only tightness tests 
ahich are a "precision test" or "final test': as 
defined by the National Fire Protection Associa- 
tion in NFPA 329. Underground Leakage of 
Flammable and Combustible Liquids ( I ) .  

Any final test.technique which i3 used to determine the 
tightness of an underground storage system must first be 
approved by the Department. The test must be able 10 
determine conclusively whether or not an underground 
storage tank is leaking. This means that the test must be 
capable of accurately detecting a tank or piping leak as 
small as 0.05 gallons per hour (gph), adjusted for all 
variables. such as the following: 

0 The presence of vapor pockets. 
0 Thermal expansion o r  contraction of the product. 
0 Temperature stratification in the tank. 
0 Evaporation. 
@ Pressure variations in the tank, 

The deflection of tank ends. 
All of these variables can affect the volume of liquid in 

the tank, and can therefore act to distort leak measure- 
ments as discussed below, 

1. The Effect of Temperature 

Liquids expand with an increase in temperature and 
contract with a decrease in temperature. For example, a 
temperature increase of only O.02F in one hour in a 6000 
gallon tank would cause a volumetric Fhange of 0.072 
gallons, which exceeds the 0.05 gph leak rate that indicates 
a leak. lfsuch a temperature change was not accounted for 
during a tightness test, a leak could be masked by thermal 
expansion. or thermal contraction could lead to a.leak 
indication where no leak exist$, 

. .. 



Another ternperiltiire effect that must be recognized and 
accounted for is temperatiire stratification or lapring. 
Temperature varies with depth in an  underground tank. 
particularly in a case where cool product has been addcd to 
warm product that is already in the tank 0 
2. The Effect of Pressure 

W 

4 With most final or precision tightness tests, measuring 
verysmall volumetricchanges in a storage tank requires the 
filling of that tank to a point above grade where volumetric 
measuring equipment can be used. This increase in height 
of liquid incrdses the pressure inside the tank over the 
normal operating pressure. 

For example. in.a 6 ft. diameter tank, the average 
,prebsure on the end or "head" of a tank full of typical 
gasoline is .98 pounds per square inch. lfthe tank is buried 
3 ft. below grade (as is typical for most gasoline tanks), the 
average pressure on the head will.increase to approxi- 
mately 2.95 pounds persquare inch (psi) when the fill pipe 
and standpipe are filled to 3 ft. above grade for a tightness 
test. The increase of approximately 1.95 psi in pressure 
exertsan additional force on theends or"heads"oftI1e tank 
of about 8,000 pounds. 

This increase in pressure can result in deflection of the 
heads or ends of the tanks. Under normal, unrestrained 
conditions, such as might occur if the tank were above- 
ground and its ends were not supported, it is possible to 
calculate the exact increase in volume associated %ith a 
given prrssure. However, when tanks are located under- 
ground, they aresubject to variations in support from the 
surroundingsoil. and it is not possible to predict how much 
movement will take place. Verysolidsoil may prosideclose 
to full support, but normally soils will consolidatefo some 
degree, particularly if they are wet. thereby allowing tank 
expansion and end deflection. 

Extensive tests have shown that significant volumetric 
increases will occur when increases in pressure of tllis type 
take placr during a tightness test. Table 8-1 shows the 
apparent lossofproductduetovaryingdegrees oftankend 
deflection. It is important that any final or precision test 
that is used take this phenomena into account to avoid 
erroneous results. 

, 

. 

, 

3. Final Test Frequency and Recordkeeping 

A "precision" o r  "final" test should be conducted 
according to the schedule presented in Table 8-2. The tanh 
owner,'operator should keep test results on the premise5 
permanently, but records should be kept for a t  least three 
years. 

A good business practice is precision testing ranks if 
ownership or control changes hands. 

4. Types of J7inal Tests 

There are setera1 types of tank testing procedures 
currently in use that meet the Depnrtnient's criteria for a 
linat or precision test. Some of these techniques also apply 
to detecting leaks in pipelines. For more information. 
plr3se refer. to the Department document Technology for 
the Storage of Flazardous Liquids, A State-of-the-Art 
Review (2). 

D. PIPELIKE TESTS 

Recommendations for pipeline testing before the pipline 
has been placed In service are given in Chapter 3 of this 
manual. 

Pipelines should be tested whenever precision testing is 
done on tanks, since the equipment will already be on 
hand. 

Leaks in pressure piping can largely beeliminated by the 
use of pipeline.leak detectors, as long as they are operating 
property. These detectors should be tested for proper 
operation at least semi-annually. 

Pipeline leak detectors have an  internal hydrauliccircuit 
which tests thedeliverylineforadrop in pressureeach time 
the dispenser is used. If the line pressure has dropped, the 
detector will shut off product flow. This detector action is 
automatic and requires no decision on the part of the 
dispenser user. Pipeline leak detectors are discussed in 
meater detail in Chapter 2 o l th i s  manual. 

Leaks in suctionsystems becomeevident in thecourseof 
normal operations. I t .  needs emphasis that a facility 
employinga suction pumpingsystem must not be equipped 
tvith more than one check valve in the system. Additional 
check valves can mask the loss of prime experienced when a 
suction line develops a leak. 



TABLE 5-1 A'PPAREST LOSS OF PRODUCT VOLUiME DUE TO 

FORCE ON TANK ENDS - IN GALLONS 

Tank Diameter Outward Deflection at Center of Head in Inches 
~. ~~ ~ ~~~ ~~ -~ 

(inches) 1/16 I/8 3.16 1/4 5/16 3 / 8  7/16 112 5 / 8  3 / 4  7/8 1 

48 .45 .98 1.47 1.95 2.44 2.93 .42 
M .87 1.74 2.61 3.48 4.35 5.22 6.10 6.97 
72 1.10 2.20 3.31 4.41 ,531 6.62 7.72 8.82 11.0 
84 1.50 3.00 4.50 6.00 7.50 9.00 10.50 12.00 15.0 18.0 21.0 
96 1.56 3.51 5.57 7.82 9.77 11.75 13.70 15.65 19.6 23.5 27.4 31.3 

102 2.21 4.42 6.65 8.25 11.06 13.30 15.50 17.70 22.6 26.6 31.0 35.4 
120 3.06 6.12 9.18 12.25 15.30 18.40 21.40 24.50 30.6 36.7 42.8 49.0 

SOU~CP: NFPA 329, 
Underground Leakage of Flammable and Combustible Liquids,' [I.] 
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TABLE 8-2 

TANK TESTING'SCHEDULE 

Category A: 

Category B: 

Unprotected steel tanks - test IO years after installation, and every five 'years thereafter. 

Corrosion resistant tanks installed prior to the enactment of the Bulk Storage Code - 
test 15 years after installation and every five thereafter, unless the system has a leak 
monitoring system installed. Leak testing can be waived for systems with monitoring. 

Tanks installed according to the Bulk Storage Code with one of the monitoring systems 
described in Chapter 7 of this manual - no testing is required. 

Category C: 

Common Corrosion Resistant Tanks 

* FRP tanks 
0 Cathodically protected steel tanks 
e FRP-clad steel tanks 
8 Double-walled tanks 

1 

Common Monitoring Systems 

e Monitoring Well, preferably one with product sensor-suitable for retrofit 

0 Double-walled tank system 

Monitoring of secondary contahnent  using one of the following types of 
containment: 
- A vault. 
- An excavation liner, 
- A trough liner. - A U-tube system. 
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Rrcogizin:! that the best overlill preventionsystcm p a y  
be prohibitively expensive for many undergound *torage 
fdcilitic,. the folln>.ving are the minimally recommendable 
systems for overfill prevention at underground storage 
tanks. 

i 
t 

iMinimal Requirements for 
Ovefill Prevention Systems 

On tankswhicharefilled bygravityflowfromthe 
product delivery vehicle, the vent line must be 
equipped with a noat vent valve or similar device. 

On tanks-which receive product under pressure 
from the product delivery vehicle. the tank must 
bs equipped with a combined audiblejvisual high 
level alarm mounted. in a location that is both 
visible and  audible to  the delivery vehicle 
operator. 

i 

Float vent valves are simple devices, as shown in Figure 
9-1. Wben installed properly (in the tank vent line), the 
float will block the vent line when a high liquid .level is 
attained. thereby preventing the escape of air from the 
tank. This action causes the pressure inside the storage tank 
to equalize with the discharge head in the delivery vehicle, 
thereby interrupting the flow of liquid. The valves are 
generally unsuitable for viscous products such as #4 or #6 
fuel oils. 

This device also includes a pressure. relief bleed hole. 
Once the overflow condition is recognized. the delivery 
truck fill valve is shut. Then, as vapor escapes through the 
float vent valve bleed hole, the liquid remaining in the fill 
line can drain into the storage tank. The fill hose is then 
disconnected with no loss. of product. 

Float vent valves must be installed in an  extractable tee 
connection which is extended~to grade. This permits easy 
removalofthefloatventvalvewhen the tankis to betested 
for leaks. These valves are normally installed in conjunc- 
tion irith vaporrecoveryequipment. Retrofittingis rarelya 
problem. 

Float vent valves are never suitable for tanks which 
recehe product under pressure. If the valves were to close, 
the tank would be overpressurized and rupture would be 
Jikely. 

' ,- 
! '  
!, r 

CHAPTTER 9 
OVERITLL PROTECTION AiVD 

TRANSFER SPIEL PREVENTION 

The recommended practice for prevention of 
o\erCilling and transfer spills is the use of auto- 
mcitic systems which shut off the delivery of 
product whrn there is an impending over fill, and 
the use of dry-disconnect couplings to prevent 
transfer spills. 

A. OVERFILL PEEVENTION SYSTEMS 

Overfilling and product transfer spills are the 
most common sources ofspillage in underground 
bulk storage facilities. It is common practice to fill 
storage tanks without an automatic means to 
prevent overfilling. Without such protection, it is 
just a matter of time before an overfill incident or 
product spill occurs. T o  avoid these types of 
accidents. it is necessary that .tank owners install 
and use overfill presention systems. 

The best overfill prevention systems contain the 
following elements: 

0 A high level alarm, which warns the operator of 
an impending overfill condition 

6 An automatic shutoff device which prevents 
overfilling by shutting off delivery pump or valve 
Interlocking of the unloading process and the 
overfill prevention cystem so that tank loading 
cannot take place if the overfill system is 
inoperative 

e Bypass preventionso that the overfill prevention 
system cannot be overridden. 

The le\,el gauge should be accurate to within one-half 
( = I  1) inch, and should be easily visible to the operator in 
the control room. Audible alarms or individual visual 
alarm5 such as indicator lights are also needed to pinpoint 
tht  impmding overfill situation. These alarms should be 
mounted so that they can easily be heard and/or seen by 
the control operator during filling operations. Table 9-1 
lists various types of control gauges. 

l ' hc  concept of having separate and distinct levels of 
indication, alarm, and shutoff provides a versatile system 
ol' r-sponse to the overtill threat. Although it  might seem 
t h x  ,uch a sophisticated system is prohibitively expensive. 
it is tcrtainly wrranted in most situations. 

E. TRAXSFER SPILL PREVENTION SYSTEMS . 

All liquid transfer equipment (hoses, pipingJ 
should contain valves which close automatically 
and provide a dry disconnection when transfer 
hoses or pipes are disconnected. Such valves 
should be located on both the discharge and 
recei\ing ends of the transfer coupling. 

SO 



T,IBI.E 9-1 

LEVEL DETECTIO.< DEVICES FOR UNDEHGROL:ND STOXAGE TASKS 

Monitors Type of Alarm and 
Liquid Level Shutoff 

Type Level Indication Rcspose 

Float Actuated Devices 
Tape float gauges 

Float vent valves 

Cap3citance devices 

Yes Gauge 

No None 

Yes Gauge 

Thermal conductivity devices Yes Gauge 

Ultrasonic devices Yes Gauge 

Optical devices Yes Gauge 

Interfaces with electronic 
or pneumatic controls. 

Automatic Shut-off 

Audible alarm and automatic shut-off 
electronic controls. 

Audible alarm andautomatic shutoff 
electronic controls. 

Audible alarm and automatic shutoff 
electronic controls. 

Audible alarm and automatic shutoff 
electronic controls. 
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I h c  u c  of tight couplings i s  cssential to erebent spills 
\sIicii transl’erring l imrdous  liquids. Altliough many other 
:go of couplings arc ar.ailiihle. tlie Department recognizes 
that dry-disconnect couplings are the best type of coupling 
availahle in ternis of product spill control, and T~COCLI-  
mends them for use in all product transfcr operations. 
Dry-disconnect couplings arc equipped with a spring 
loaded vahe whicli is normally closed tintil the coupling i s  
attachcd and tlie valve is manually opened with a levcr.The 
difference betwen the performance of dry-disconnect 
couplings and that of other types of quick-disconnect 
couplings i s  discussed in further detail in the Department 
manual entitled Technology for the Storage of Hazardous 
Iiquids, A State-of-the Art Review [I]. Figure 9- 2 shows 
this difference pictorially. 

In the New York City Metropolitan Area (including 
Nassau, Suffolk. Rockland and Westchester Counties), 
vaporrecovrrysystems have been mandated by6 NYCRR 
230alid are being installed. There are three types ofsystems 
in use. and two of the threeare compatible with the use of 
dry- disconnect couplings. The coaxial vapor recovery 
syst,em combines the product delivery return lines into one 
coupling. Dry-disconnect couplings are not available far 
rhi, system at the present time. The  other two systems use 
separate fill and vapor return lines which would not 
preclude the installation of drydisconnect couplings. 

A metliod of catching transfer spillage is illustrated in 
Figure 9-3, by Vestal-Helix Corp.(5) I t  has two com- 
poncrits: one is an inexpensive plastic basin which f i ts  
snugly in  the fill opening. At tlie bottom of this basin is an 
opening withacartridgefull ofimbiberbeads. Anywaterin 
t t v  basinwill drain through thiscartridge. When product is 
spillcd. it is absorbed by the imbiber beads .and the 
cartridge swells shut, trapping the spill in the basin for 
removal. The cartridge is then removed and replaced for 
only a few dollars. This can prevent eventual contamina- 
tion of vapor wells by long-term spillage of very small 
amounts of product. 

Imbiber beads are a special type of sorbent material. 
They aresmall plasticspheres that will absorb (“imbibe”) a 
wide range of organic liquids: in the process. they swell up 
to 27 times tlieir own volume. The beads will not absorb 
water. Therefore, water may pass through a layer of these 
brads. but whcn a hydrocarbon causes them to swell, flow 
ceases. 

To prevent product mixing. color coding of product 
types is recommended. Also. the use ofdifferent couplings 
for different product types can prevent product mixing, A 
system can be devised whereby a product delivery hose 
simply cannot be connected to the wrong tank. 

C. OPERATING PRACTICES 

Certain operating practices are recommended to prevent 
overfilling of tanks and to limit the likelihood of transfer 
spills. These include the following: 

8 3  

I.o:iding arid unloading oC i c ! x l e s  h h o u l d  he done 
onl) in approied lociltion5. 

Q The driver, operator. or aLte::hit or an! dcliier) 
vehicle should not leave t l i t  whicle unilttendcd 
during the loading or unloadin? ?recess. Thc drli! ery 
hose, whcn attached to the rchicle, should be 
considered to be a part of tba: ieliicle. 
\Vhcn transferriag flammable liyuids. motors of 
delivery vehicles and motors ofinsiliar) or por:able 
pumps should be slitit oft’ duiing the m ~ k i i i g  or 
breaking ofhose connections. libading or unloading 
does not require the use of t k  delisery vehicle’s 
motor, the motor should be shui off throughout the 
liquid transfer operation. 

a Labels, markings, o r  color codr.s.should he used on 
all couplings and hoses to prevent accidental mixing 
of incompatible liquids. 

* All transfer hose4 should be inspected periodically 
for kdks. ,. 

0 Any operator of a loading or uiiloading.operation 
should be properly trained and sliould biau’are of of 
all potential problems. ‘y 

e AN tanks should be gauged before product deliver) 
to assure sufficient capacity. 
USDOT regulations governing transfer and unload- 
ing of hazardous materials are an excellent guide to 
safe operating practices. 

. .  



FIGURE 9-2 

TYPES OF COUPLINGS 

r 

1. O R D I N A R Y  QUICK D I S C O N E C T  

2. QUICK D I S C O N N E C T  P L U S  B A L L  V A L V E  

3. D R Y  D I S C O N N E C T  + 
S O U R C E :  O P W  DIV IS IOM/DOVER C O R P .  
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FIGURE 9-3 

Spill. CATCHMENT BASlh 

SOURCE: Vestal-Hellx Gorp 151 
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These guidelines were prepare' 
Committee. 

M-mbers comprising the task force were: 

./ a task force c .  ... 2 Products Storage and Handling 

- 
J.R. Clendening .(Chairman), Esso Petroleum Canada 
D.M. Frost, BP Canada Inc. 
J.A. Jonovjak, Shell Canada Limited 
D.W. Joyce, Gulf Canada Products Company 
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The informotion contained in this review can be used by those involved in the 
installation, design, operation and testing of underground tank systems, and the detection 
of leaking systems. 

The problems related to underground tonk leaks continue to be identified among ?he 
most significant petroleum indgstry marketing environmental concerns in North America. 

Proper use of the information contained in this report can assist in epsuring the 
tightness of underground tank systems. 

... 
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General 

The flammsble nature of pet-roleum products i s  one of the significant reasons for 
underground tank installation. Careful consideration must be given to a11 aspects of the 
installation. Low quality work may-result in  poor performance of the tanks, leakage of.the. 
product, environmental hazards, safeiy hazards. and high.maintenance costs. It i s  therefore 
essential that only competent contractors install undergraund tanks, and do.so in accordance 
with manufacturer's specifications, owner's specifications, locallyenfarced building codes, f i re.  , 
regulations, gasoline handling restrictions, and municipal bylaws. 

Successful tank installation is also dependent on: 

.- sail investigation; 

- proper selectioh of materials far +he specified lacotion; 

- reference to manufacturer's specifications for detailed instructions, definitions and 
dimensions. 

- capable and adequate supervision, and inspection during installation; 

- thorough testing at appropriote stages of.progress. 

Procedures 

Excavate a large enough hole to allow minimum acceptable distances between .each 
tank and minimum.acceptable distances between the extremities of thetanks and the walls. 

0 Where excavation occurs in unstable soil or adverse ground water conditions, the size of 
the excavation may be expanded or, an approved filter fabric material which permits 
water passage but limits the passage of soil particles may be used. 

0 Maintain ground water at lowest practical level during installation if high .water table 
exists. 

0 Excavation should be deep enough to provide for the required depth of bury (depth of 
backfill from the top of thetonksto the finish grade level) and atsoto provide for minimum 
backfill below the bottom of the tanks. 

0 When adding tanks to existing installations, it i s  preferred that the fonks be  installed in 
separate excavations leaving the native soil between the new and existing excavations 
undisturbed. Alternately, tanks may be installed in the original excavation providing 
minimum acceptable distances between tanks are maintained. 

3 
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Ploce tonks in the excavation on o bed of specified bockfill material and ensure minimum 
cleoronces ore met. 

:' 

0 Tanks should be carefully lowered and ploced (not dropped) on th; bedding using lifting 

0 
lugs and spreader bar where recommended. 

Prior to  lowering steel tanks. ony damaged portion of the protective coating shoutd be 

Bore.steel tonks without protective cooting should not be used far underground installation 

0 2 

repaired, g 
B 0 3 I: 
F 
f 

unless they.ore protected using o cathodic protection system. 

r 6 
$ e 

i 

Anchorthetank system;if overburden weighslessthan the buoyoncyof the efnptytonkin 
a wet excavation condition. 

* Anchorsshould beimbedded in  a concreteslob ond anchorstrapsshould beinstalled in  a 
5 
e manner that they do not interfere with the protective coating or structural stabilityof the 

tanks. f 

g 

0 Ballast with product in wet. excavation condition. Seal all tank openings except vent which 
should be  extended to ollow escape of vopours tothe atmosphere. It is a safe proctice that z z product level should never exceed level of backfill (porticularly with fibregloss tonks.). 

P 
Inspect protective steel tonk coating for domoge; and repair if necessory.. 1- 

9 2 
Measure internal diometer of fibregloss tonks during and after installotion to note 

possible deflections. Deflection limits of fibregloss tonks are available from the tank 
manufacturer. 

6 0 
3 
b 
7 
t 

Test all underground systems.in accordance with provincial legislation. 

Backfill to top of tonks with approved backfill moterial in small uniform loyers. ; 
BACKFILLING i 

9 
5 
1 

Fibregloss Tonks i 
i 
i 

soundness. I 
i 2 
i. 

8 Preferred material is clean, noturally rounded aggregate with mixed 
porticle size,between 1/8in. (3.0 mm) and 3/.4in. (19.0 mm), commonly' 
referred to.os "pea gravel". I 

i 
i. 
i 

particle size between 1/8 in. (3.0 mm) and 1/2 in. (13.0 mm). i 
i 
1 
6 Backfill must be ploced completely beneothtank boftom, between ribsond i 

0 All backfill material must meet .A.S.T.M. C-33 standards for quolity and 

f 

0 Alternate material moy be washed stone or gravel crushing with angular 

0 

under endcops. Proper backfilling must b- followed to ensure necessory 
tonk support. i 

z 
I 
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Q Backfill materiol below the tanksshould be clean, non-corrosive sand, free 
of cinders and stones. 

Q Backfill mderiol oroundihe sides and top of the tank may be dean sand, 
fine gravel orpea gravel. 

0 Backfill material must be rodded into ploce undei low radius of the tank 
and compacted by hand. 

Connect and test piping and continue bockfilling until ground level is reached. 

Fill with product as soon as possible after backfilling 

0 Maintain all sofety procedures related to the hondling of petroleum 
products. 

Cover excayation as per ground cover specificotions 

0 Depth of bed and cover is dependent on ground water conditions, ground 
cover and traffic loads above the tanks. 

0 When concrefe or asphalt pads are positioned on t o p  of the installation, 
they must extend beyond edges of the tonks. 

See attached Fig. 2, 3 K 4 showing schematic details of tank and piping installation. 

Deviations from standard installotion procedures should be approved in writing from the 
manufacturer, local authorities and/or the owner's engineering group. 

NOTE: Legisbfion or campony policy moy prohibit installation of unproteded.steel tonks (without corrosion 
protection). In that mse installation of corrosion protection system (e.g., cathodic protection) must be 
incorporoied in  the installation procedures for the underground Steel tonks (not required with FRP 
tanks). 

References: Installotion of Underground Petroleum Storage Systems - "API Publication 1615" issued 
November 1979. 

"A.S.T.M. C-33 Standard Specification for Concrete Aggregates". 

Installotion Recommendations by Tank Monufocturers. 

I 
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F I G U R E  2 
T A N K  PIPING DETAILS - SUCTIOH ZSm 

VEHT L I N E  TO APPROPRtATE 
LOCATIOH (SLOPE TO TANX 

UWER PUMP CHX. VALVE. NO 
ANGLE CHECK V ~ L V C  oa 

/ R I S E R  REP'O. EARTH cov 

OVERFILL PREVEHTIOH 
FLOAT VENT VALVE 

EXIST. SOIL SAND O R .  GRAVEL a 
(UNOISTURSEO~ 

P I P I N G  D E T A I L S  FOR T A N K S  -UHDER COWCRETE 

&PEA GRAVEL FOR H O W  No SCALE NOTE: EU411HAW COHC SLdS IN NOH- 
METALLIC TANKS (oa  TRAFFIC AREAS '  EL COHSTRUCT 
MFR. APPROVED ALTER* ATE) CWC. PADS LOaLY) AROUHD MAX- 

HOLE8 THE E X T i l  AHQLE CHECK 

COVER 
RISER IS NOT REa'o. WIEARTH 

F IGURE 3 
TANX P I P I N G  DETAILS  - SUBMERGED SYSTEH 

\ 
HANIFOLD. ASSY. 

MAMHOLE . VENT L INE T6 kPPROPRIATE 
LOCATION (SL9iE TO T A N K I  

\ /,FILLCAP 

FILL PREVENTION 
FLOAT VEHT VALV.E - SAND OR GRAVit n 

PIP ING OETAILS FOR TANKS - UNDER CONCRETE 

n PEA GRAVEL FOR NOH - NO SCALE NOTE: ELIMINATE CONC. SLAB IH NON- 
METALLIC TANKS(0R TRAFFIC AREAS a CONSTRUCT 
MFR. APPROVED ALTERNATE) CONC. PADS (OHLYJ AROUND Ci.H.'S. 
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F I G U R E  4 

MISCELLANEOUS D E T A I L S  

WOOD BLOCK 

SIDE V I E W  

' V E N T  D E T A I L S  

NO SCALE T Y P I C A L  SWING J O I N T  

(EURY PER "NFPA" 
SPECIFICATIONS 

190 LE. ASBESTOS FELT EETWEEN 
CASLE B TANK ( D R R l 8 5 E R  T I R E  / TYi? 1 

(ISL4HD B VENT TERNINdL) 
NO SCALE 

GRIADE 

N O T E :  SEE MANUFACTURERS RECOMMENDATIONS FOR 
AHCHOR AND IMSTALLATIMJ. INSTRUCTIONS. 

TAN K I N  S T A L L A T I O N  
( W H E R E  SUB-SURFACE W P I T E R  COHOITIONS @.PEA O R A V E L  FOX EXIST.)  

NdpI - M E T A W C  T A N K S  
NO S C A L E  (OR MFR. APPROVED ALTERHATE) 
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Piping systems ore an essential paf i  of the underground storage system for petroleum 
products and require installation and testing which meets specifications. For detailed recom- 
mendotions.on these systems, refer to API Publication 1615, "lnstollcriion of Underground 
Petroleum Storage Systems", November 1979. 

The bosic requirements for underground piping consist of: 

e Schedule 40steel pipe, either galvanized or wr.apped black iron, cathodicolly protected or. 
ULC opproved non-metallic pipe, i s  recommended for all underground piping. Schedule 
40 galvanized steel pipe is recommended for oboveqround vent piping. 

4 Delivery piping from tanks to dispensers should be  sized occarding.to ihe recommendatian 
of the. pump manufacturer. In determining the. piping size, considerotion must be given to 
the length of runs, flow rates, and number of dispensers to be handled. 

Q Siphons may be  used to equolize product levels in two or more tanks storing the some 
product. Moteriol .for siphons may be,golvonized iron, wrapped block iron cathodically 
protected or.nonmetallic. It is recommended that.siphon piping b e  the same-size as the 
suction and/or delivery lines to the dispensers. 

e Eoch tonk should be vented through adequately sized piping. 

Some significant indollofion procedures: 

0 Product lines should be run in a single trench between the tonk are0 and the pump island 
oreo. Similarly, vent lines, between the tank oreo and the building or other structure to 
which the.obove-ground Yent lines ore attached, should beploced in o single trench. 

0 Before ony underground lines ore laid, the trench or ditch for such piping should receivea 
minimum 6" (1 50 mm) deep bed of well-compacted. noncorrosive material, such as cleon, 
woshed sond or grovel. All trenches should be wide enough to permitafleost6" (150 mm) 
of such protection around all underground lines. This applies to both metallic and 
nonmetallic underground piping. Bedding and the covering backfill should be of :he some 
rnatetiol. This will be helpful for gradin,g the lines, and in providing corrosion protection tor 
the steel pipe and for any odapter fittings used with non-metalkpiping. 

a Piping should be arranged so that lines do not cross over undergraund tanks. 

0 Underground product lines should have a uniform down slope of not less than I/S" (1%) 
per foot toward the tank. Product lines should be at least 12" (300 mm) below the finished 
surface. 

Q Possible breakage of underground piping and ventlines, or the loosening of pipe fittings, 
which result in product leoks, will be minimized through the use of swing joinh, (Some 
regulations require flexible connectors with fiberglass piping) 

NOTE: W h e n  nonmetallic piping (thot has been bpproved for underground we) is  seleded..it i s  extmmely 
important that it be installed strictly in accordance with the monufactureh specifications. 

11 



After the installation has been completed it must be  tested either by an air test or a hydroulic 

100 psi (712 KPA) with an air  test). With airtesting it is necessarytosoap all joints to find leaks 
and  with either system the test must hold f a r  usually onn to two hours depending upon local 
regulotions. For this test, the piping must b e  positively isolated from the tank. 

test to at least 7 1/2 times its working pressure but nof less thon 50 psi (356 KPA) (or more t h a n  I 

* 
Reference: API Publication 161 5 "lnstollotion of Underground Petroleum Systems." 
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4. Detection of vopourr in the vicinity of t he  facility. 

5. Loss of pump suction or indication of oir passing through the pump. These con result 
from a leoking line or defective foot valve. 

6. Activation of ”leak detectors” on remote pumping instollotions. 

7. Accumulation of wa?er in the tonks, 

The  owner of on underground tonk system should toke the necessary steps for corrective 
action when there .are indicutions of product lOSSe5 related to a leoking underground tonk 
system. 

Indicated l.osses.Resuliing f r o m  Ewon in !‘;-duct Levd, Measursrnzn? or  Record; Keeping 
(No Actual Lass of Produst) 

- 

These types of “apparent” losses, while not causing environmental or safety problems 
con resul: in losses of revenue. 

These.”opparent” losses con b e  caused by: 

1. Faulfy mefer calibration: If the dispenser meter i s  not properly calibroted, the octuoi 
volume dispensed wil! not correspond to f h e  meter reading. Reconciliation’wf meter 
readings and tank  dips would not be possible. Good recards may assist in identifying 
this problem. 

2. Product used from fhe underground fonk  when^ mefers.are calibrafed: Any producf 
removed. from the tonk system should be orcounted for in-the resetting of the  meters. 

3. Error in meosuremenf of volume ofproduct.in fank: Tonk dips of underground tonks 
must be mode  properly and the  produd level read occurotely. Core and accurocyis 
required when using the tan!< chart to convert the dip stick reading to o volume 
measurement and when recording m.eter reodings. 

4. Errors in arithmetic: Care must be  taken when reconciling tank dips with meter losses 
to ensure that losses ore not produced by errors in orithme5c. 

Stock variations, which deviote from normal oliowonces, may b e  detected by effective 
stock control. This con ovoid ”run oufs” and identify underground tonk leaks. The effective u s e  
of occurate records and good operoting procedures con minimize 10550s. 

NOTE: Daily product reconciliations can  fluctuate a n d  indicateshortages and /o rove rages  d u e  toinaccuracies 
in tonkrizer, tankslopes. dip readings, errors, etc. Periodic reconciliations over a longerperiod such as 
a month and relecled when the opening inventory and t h e  closing inventory a r e  at approximately the 
same level in the  tanks, will result in a more reliable reconciliation. 

16 



Receipt for Product Delivered by Tank Truck 

The attendant should ensure that the product delivery form has been completed 
properly. Verify that the quantity of product delivered, together with the opening ond closing 
dips are recorded on the deliGery form by the driver. Maintain the delively form on file for 
future auditing requirements. The amount of product delivered must be taken into account 
when comparing the tank dip measurement with the volume recorded on the delivery farm. 

PAeosurernent of PruducP in Underground Tanks 

(a) Use of gauge (dip) sficks to measure the volume of product in fhe farrk:' 

1. Coat the bottom, 3 inches (8 cm) of the dip stick with a light, even film of.water 
detection paste. The coating should be an the side of the dip stick opposite to.the 
depth markings. (The paste i s  unaffected by gasoline.but changes colaur when in 
contact with water.) 

2. Remove the underground tank fill cap, and.insert the dip stick through the fill pipe of 
the tank until thel ip of the stick touches the tank bottom. 

For each successivetankgauging, the dip stick must be held in a vertical position at the 
same point of the down pipe. 

3. Keep the dip stick inside the tank for the time period specified for use of water 
detection paste. 

, 4. Withdraw the dip stick and read the product and water "cuts" to the nearest 1/4" 
(OS cm). 

5. Use a cloth to wipe off the petroleum product and detection paste and repeat the 
procedure to ensure accurate measurement. 

6. Replace the tank fill cap and secure. 

(b) Use of funk chorts: Tank charts are supplied by  the tank manufacturer and provide a 
listing of gallons (litres) beside the equivalent inches (centimetres) of measurement as 
registered on the gauge (dip) stick. 

After using the dip stick to determine.the depth of liquid in the tank, select the prop-r 
column on the tank chart and proceed as fallows: 

1. For dip stick measurements which are to the exact inch or ce.ntimetre, record the 
product volume from the chart. 

2 Fordipstick measurementswhich ore 1/2"or 1.25cmoverorundertheexactinchar 
cenfimefre, proceed as follows: 

(i) Note the two measurements on the chart for the exad inch (cmj readings which 
are above and below the actual reading on the.dip stick. 

17 



&g. If t he  dip stick reading for liquid in a 5000 gal. tank (22730 litres) is 48.5 
inches (121.25 cm), note the chartvolume a t  49 inches (122.5 cm) a n d  48 inches 
(120 crn). 

(ii) Subtract the volume shown on  the  scale for these two readings:- 

Chart reading a t  49 inches (122.5 crn) = 3039 gal, (13816 litres) 
Chor: reading ht 48 inches (120 an) = 2963 gal. (.13470 litres) 

Difference= 76.gal. ( 346 litres) 

(iii) Multiply this volume by .5 (1/2 inch or 1..25 an) 

76 gal. (346 litres) x .5 = 38 gal. (173 litres} . 

(iv) Add the volume shown a n  the  chart opposite th: exact inch (cm) measurement to 
t he  1/2 inch (1.25 cm) volume calculated in (iii):-. 

Volume at 48 inches (TZO cm)= 2963 gal. (13470 litre$) 
Volume at 1/2 inch (1.25 cm)= 173 litre) -38 gal. ( 

Toto1 = 3001 gol. (13643 litres) . . 

In thkexample,  theliquid volume measurement for thedip  stick measurement at- 
48.5 inches (J21.25 cm) indicates 3001 gal. (13643 litres) af liquid in the  tank. 

3. If the above  volumeincludes some water (asidentified by thewatwdetedion  paste), 
t h e  actual volume of petroleum- p rodud  is determined by  subtracting the irrdicated 
amount of woter-fram t h e  total volume af liquid. 

Reference the above.measurements of 3001 gals. (13643 litres).of liquid in the  tank, if 
t h e  indicated water  gallons a r e  50 gal. (227 litres), t h e  actual volume of petroleum 
product is: 

3001 gal. (13643 litres) 
le55 50 gal. ( 227 likes) 

Total = 2951 gal. (13416 litres) 

ltisirnportontnok tosubtioctthewo:erdip from thetotaldipuntilthevolumes oredetermined frornthe 
tankchart. 

Note:. 

(c) Use of Automated Tank Gauging Systems: 

A number of microprocessor based. systems designed to improve inventory man- 
agement  are available.on the market. These t a n k  level sensing systems a r e  designed ta 
continuously monitor inventory levels a n d  track fuel dispensing a n d  deliveries. 

These systems'will monitor fuel levels in underground tanks continuously.and will: 

1.  Automatically verify fuel deliveries with printouts .of volume and temperature. 

2. Measure a n d  display height.of fuel and water. 

3. Calculate volumes a n d  temperature compensated v.olurnes. 

18 
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Referto local gasoline handling codes fortheacceptabilityoolthistypeof inventory 
monitoring in lieu of o monuol dip requirement. 

The purpose of this reconciliation procedure i s  to verify :he pump meter readings and/or 
to identify unaccounted for differences between the volume of liquid in the tank measurement 
and meter readings. 

The reconciliatian procedure includes reporting on the following readings: 

0 '  

1. Previous meter readings 

2. Present meter readings 

3. Product receipts 

4. Previous tank measurements 

5. Present tank measurements 

6. Water content 

7. Reference to the rost pump meter verification 

The Stock Control Record form (copy attached) provi s a means to: 

-establish o consistent format for ccimpleting the reconciliation-procedure. 

-maintoin a daily record (ledger) of the meter readings, tank dips, and  cumulative. 
overages and shortages. 

To assist in identifying leaking tanks, most provincial.government regulations require 
completion and retention of t h e  reconciliation records. The usual retention period. is two 
yeors. 

Recommondotion 

The owner and/or opemtor of an underground tonk system should take the necessary 
steps for correctiveactions when there ore indications of a leak in his underground tanksystem. 
These are defined in NFPA 329 with porticular references to thopters 3 and 4. 

Reference: PACE -inventory Control os a Means of Identification of Underground Tonk leaks 
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a Smith & Denison Sysfem 

e Hydrostatic System 

* Indicates system available only os a confrad package ot this time 

Leak testing systems under various stages of development include: - 
e Shell Canada System 

0 .  Underground Tank Leak Detedor (PACE) 

Q Laser Geam Leak~Detedor (A.P.I.) 

Q Moaney Tank Leak Detectar 

. .  

This review.will .not attempt to quantify th.e advantages or disadvantages of any 
individual system. The main criteria will be listed by which any system should be  iudged since 
they are all a,tternptingto arrive a t  an answer to the question, ”is thesystem leaking”. With 
these criteria, any system can be examined to determine if it meets the particular needs or 
operation. 

Some of the criteria or questions to consid.er are as follows: 

How complicated is the test procedure? Does it requirespecially trained peaple? Are 
training programs available? 

0 Is the test set up complicated or simple? Daesit require extensive preparation by different 
groups before the test can start? 

- 

0 Haw long will the test require to verify the leak? Must theentire station be closed down 
during the test? 

0 What kind of accuracy can you expect from a particular tester device? Does the tester 
representative have available historical records ortest data from other companies? Secure 
references and discuss with other users. 

0 Do extreme winter temperatures have any adverse affect on the testing system? 

0 Can the system compensate for:externol water table pressure? 

0 Are replacement parts ar materials used in  the testsystem readily available from suppliers 
with replacement equipment available in central locations? 

0 Arethere any size limitations to the tankto be tested? (i.e: it may be.difficulfto stabilize the 
temperature in some very large underground tanks) . . ’. 

0 Is the test equipment rugged ond suitable for transport to sites around the country. 

0 If a contract service only i s  available the average response time, time to test, report, and 
leak reporting records and procedures should be.determined: 
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0 Cost of the system and its operation or cost of the contrack work should be high on the 
priority l i s t  in considering the merits of each system. However, this should be related to the 
potential cost of a system which leaks in a criticol area. 

COMMERCiALLY AVAILABLE UNDEBGRQUND T A M  TESTING SYSTEMS 

Petio-Tite Tank Tester (.KenP-Moore Systam): This. system works on the principle of 
opplying a hydraulic pressure head to the, tank by means of an  externally connected 
standpipe. Productii continually circulated to mix thetank con:ents.and stobilizethetempera- 
ture while very precise temperature measurements are taken with a thermistor probe in the 
tank. The height of the standpipe can.be increased to compens.ate forany external pressure 
due'ta a water table. Producf level in the standpipe is  continually monitored for rise or falland 
measured amounts of product are added or removed. During the test period precise 
calcdlations are madeto relote productvolumechange versus temperatureto detect leakage. 

This system has been a recognized standard for accurate tank testing within the indusky 
for many years. However, it requires trained people who are very precise in all phases af the 
test. This sameaperator accuacy requirement applies toall leak.detection systems since we are. 
attempting to ileted.extremely small changes in .produd volume. 

Sun Leak Lokator LD 2000 This system; developed bythe Sun Oil Company, works.on 
the Archimedes principle of buoyancy. It measures tank leakage by sensing weight changesin 
a sensor which is suspended in the liquid of the tank. (The sensor isuiually o closed bottom tube 
that i s  filled with liquid to a few inches higherthcrn the liquid in thetank and its'top is  open to 
atmosphere and the whole is  suspended from an extremely sensitive scale). Any minute, 
changes in weight aretronimitted toa recorderthatregistersthese changes ai  leaks in orout 
depending upon line direction an the recorder. Calibration i s  usually checked by adding a 
known small amou.nt of product at  the start of the test and observing the change on the 
recorder. 

The tank must be isolated for a few hours beforethe test to allow normol temperoture 
layering to occur; then a sensitive RTD is  placed at  the tank mid point. The probe's output is 
monitored by a strip chart recorder and a digital meter to the neatest O.OOIoF. 

This Sunmark Industries equipment is not for sale but the equipment;with Sun trained 
operators is offered as a contractservice, with equipment mounted in vans. Atthe present time 
it i s  avoiloble.only in some sections of U.S. It i s  expected that it will be licensed to.Conadian 
controctors. 

Ethyl Tank Sentry: The systemwas developed by Texaco (U.S.A.) orrd i s  marketed by the 
Ethyl Corporotion. It i s  probably the simplest system available and for that reason it may be 
most practical for some users. However, it.should be  iudged on the basis of how well it meets 
the needs when considered against suggested. criteria. Also since the system uses an indicator 
fluid specifically suitable for gasoline, the system should not be used for tests o.n tanks 
containing distillate product such as diesel oil. 

The Ethyl Tank Sentry System works on the manometer.principle with o reservoir on one 
leg of the manometer. The system utilizes a light gravity indicator fluid, inthe monometer, that 
is not miscible with gasoline. The equipment i s  valved so thatthe reservoir can be ollowed to fill 
to the product level, then a control valvecan beclosedto isolatethetesterfrom the tank except 
through the manometer, Any drop in tank level i s  sensed through the open leg of the 
manometer and this balanced against the pressure head of the tropped reservoir side which 
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measures the loss or goin by moving the indicotor fluid. An increase in the level of the open side 
indicates o “leok out” while a rise in indicator fluid in the reservoir leg indicates a “leok into“ 
the tonk. The drop or increase in tonlc level con be  determined by  measuring the level 
difference in the indicator fluid in the manometer legs. Becouse of differences in specific 
groviiy of the gosoline and the indicator fluid, there i s  o mognificotion of oboui5 times in the 
manometer which helps detect very smoll surfoce level chonges. 

L 

! 0 

Temperature i s  measured b y 0  sensiiive RTD resting on the tonk bottom atthe stortofthe 
test and must be stable within k 0.TF for two consecutive readings ot 1 minute intervols. A 
second set of readings ore taken at  the conclusion of the test and must not vary morethon 1°F 
from the start temperature reoding for the test to be volid. 

Aihabascn Research System (Tanknology) 

A hydrophane (microphone adapted for liquid immersion) ii suspended within the tonk 
and connected to a microprocessor. The internal pressure of the tonk i s  then incrementally 
reduced. If there is a leok in  thefonk, the reduced intemol pressure will cousethe ingress of air 
and the formation of bubbles. The bubble sounds ore detected by the hydrophone, and hove 
choracteristics which permit the identification of the size of the leak and its approximate 
position in the tonk. Anomalous situations, such as ingress of wafer becouse o f  high water 
tobles, are fdentified by auxilliary sensors which detect and measure the ingress of water. 

The testing equipment is not for sale and the testing service is provided on o contract basis 
through a number of vehicles equipped and monned by Tanknology Canada, Edmonton, 
Alberto. 

Smith & Denison System _. 
This system works on the principle of sealing all tankage openings, then pressurizing the 

empty tank and pipinq to o moximum of0.5 psi using helium gos.The testteomthenseorches 

0 
. .  . .  - 

for helimn obovethe tank and piping using abetector connected to o moss spectrometer. After 
a.grid of smoll hales on fourfoot centers i s  bored in the concrete above thetonk and along 
piping, airsomples are token fromthe hales using o probeconnected tothe leokdetector by o 
flexible tube. Thus, the point of highest helium concentrotion pinpoints the area where 
excovotion should be corried out. 

Piping tests should be mode first.To do this, helium i s  injected intothe partially filled tonks 
and the search for escoping helium is  storted. This test i s  usually completed in less than four 
hours. The points of moximum helium concentrotion are indicated on the poved surface with 
cholk or spray point to show where excovotion is  recommended. 

After piping leaks have been repa’iredihe tankis pumped dry and ogoin pressured with 
helium. Indication of tank leaks will be evident in a short time in:porous.soil, however, in wet 
cloy backfill it may toke several hours to find emerging helium. An overnight test i s  recom- 
mended when the tonk is a suspected leoker and helium is not d.eteded during the first doy. 

Hydiostaiic Test 

There ore numerous versions of this test used by voriouscompanies but they all basically 
consist of filling the tonk with product and opplying hydrostatic pressure to the tank with a 

0 
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hond pump or stondpipe. Any liquid leok couses a quick drop in pressure ond meosured 
odditionol product is added to repressure the structure. This i s  related to some type of 
temperoture meosurement to determine whether there is actual leakage or whether it i s  
merely product shrinkage os the temperoture drops. 

This test has the copobiliiy of detecting relotively large leoks but i s  normally not precise 
enough to de?& the small leak ra:e specified by NFPA 329. (.05 U.S. gals/hour) 

LfAK TESTING SYSTEMS UNDER ‘VARIOUS STAGES OF DEV€CO?MEN? 

These systems ore either under development, or the p.articulor methodology has been 
investigated and the principle of the system is described. 

Shelf Canada System 

This is a new concept that has been devised by Shell Conodirpersannel and is  currently 
under field evaluotion. The sysfern may be the simplestand most ecooomical yet de.vised i f i t  
proves to have.the-accuracy requirements. 

Magnification of a liquid level change due to product leaking from an underground tank 
is  ochieved by isolating thetank from atmosphere exceptfora 1 inch pipe that i s  insertedinto 
the tank‘s fill pipe. This pipe extends from above the top of the fill fa o point approximately 6 
inchesoff the boitom of the tank. The tonk has been previously filledsothot.thevoid in thetank 
is as small as possible. 

. .  

The pressure in the void atthe stortof the test i s  equal to  atmospheric pressure.-However, 
sincethe void i s  now isolated from atmosphere, and should t.hesizeof the void increosedueto 
a loss of product from the tank due to o leok, the pressure.in the void will be  reduced in 
occordonce with the stondord pressure, volume, temparature reJotionship. 

The smaller the originol void the greater impact the leok has on the internal pressure in 
the void. The difference between atmospheric pressure ond the fino1 pressure in the void 
disploys itself in o difference in liquid level in the pipe inserted into the fill which i s  open to 
atmosphere ond the liquid level in the tank. This liquid change in the insert ha3 a mognification 
mony times that of a drop in product level in the tonkdueta the liquid lost through a leak. The 
amount of mognific0:ion is o function of the size of the void and the rote of the leok. 

, 

The feosibility ond possible commercial use of this system is  being studied by o speciol 
PACE Task Force- 

Underground Tank Leak Defector (System investigoted by B.C. Research, 
Vancouver, for FACE) 

This i s  o sophisticaled system of sensors ond microprocessor readouts. A detailed descrip- 
tion of the system is reported on in  PACE Report 81-3 “Reporton Investigations and Research to 
Develop ‘0 Service .Stotian Underground Tank Leak De:ector”. 

The principle of operation requires the tank to.be completely filled ond o tube of known 
cross-section be mounted on the tank filling pipe. The tube which is interrogated by severol 
sensors, i s  connected through a pressure reducing volve to o pressurized nitrogen gos line and 
the level change in the c o t h - o b r e r v e d  at a minimum of three diffsrent pressures. a 
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The basic measuring concept assumes thatthe relation between thesystem changes, per 

time test IS kept short (few minutes). 

Further development of this system hos been terminoted because of prohlems identified 
in PACE Report No. 81-3.This report indicates :hat.in using this volume chonge meos.urement 
system it is not always possible to rapidly identify (30 minutes time duiotion) 5moll tank leaks 
(.OS golsJhour). DifferenSes.jp tonk end.deflection, differences in soil compaction at tank ends 

i 
! 
i 
i 
i 
i 
.i 
i 

I unit of time, at different pressures, depends entirely upon the size of the leak, pr0vide.d the 0 ,: - .  

I 

1 and traffic vibrotions contribute to the inability to detect leoks with this system. 

Laser Geum leak De?ecfor ---SRI lnternational investigation for API 
i 

? 

i 
k 
f 

I 
I The mojor components of this system~-for measuring product surfoce level, consist of the- 

laser measurement system, two IO-foot long brass tubes, an aluminum float with on internal L 

cube-corner reflector, a temperoture measurement system; ond a data acquisition micropro- 
cessar sysfem. 

. 

TheJosermeosrrremen)system consists.of o laser head and disploy, a beam splitter, and 
twointerferometers. Theloser head generates o beam thoipossesintothe beumsplitterandis 
divided into'two beams. One of the beams passes directly through oneof theinterierometers. 
The second beom passes into the second interferometerwhere it isturried 9Oo,The beoms are 
then directed dawn into the tubes, reflected offthecube-corner reflectors located in the floats, 
ond are directed .bock.through fhe interfemmete+-s. 

The laser output of the.surface-Jevsl measurement from eoch interferometer is shown on 
two numeric disploys. This particulor loser measuring device does not measure the absolute 
distance from the interferometer to the cube-corner reflector but measures +he chonge over 
time of the corner-cube ref1ectorfram.i.k initial position to its position at any.lafer time. 

. - 0 
A doto acquisition microprocessor tokes the measurement data, perfarmes 0. data 

onalysis reduction, and prints on output of test time, productlevel chonges .and air and i 
gasoline temperature. f 

1 The lab ond field work has indicated the desired system accurocy c m  be obtained. 
Commercial development of this system presently is not being pursued. 

Msoney Tank Leak Detector 
t 
1 

- .  .$ 

i This system works on the principle that 0 buoyant member floating on the produd will 

measured by an indicator connected to the buoyant member. Precise temperature meosure- 

caused.by non-tight tankage rather than temperature shrinkage. 

experience o change in elevation as product level chonges in the tonk and this change is 

men% are taken during the test at several levels within the tank to be sure thatthe chonge is 1 
1 

Theunderground tank is filled with gasoline until the level.of the fuel rises into the tank fill 

and removol i s  doneseveroltimes to colibrotethesystem andgive.meaningtoreadingsduring i 
the test period. I 

' 
1 .  

i 

i 
.. 

line. A buoyant member i s  then floated on the surfoce of the liquid in the fill pipe and a 
meosured ornount of liquid is added ond the elevation change is noted. This product odditian 

I 

The levels and temperatures are then meosured overthetesi period and thetemperature 
levels averaged to calculate the product level change due to this chonge. If the two do not 
agree, the system would claim that the tank was leaking. 0 
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It is a well-known fact that  steel will corrode in an.adver5e environment a n d  that iron will 

tryto revert to its more stablecohdition.of iron oxides. All metalssharethis inherenitendencyta 
revert to their more stable compounds, or to corrade, some having a greater tendency a n d  
others less than thotof iron.Verysimply, corrosion istheresult of thedeteriorationof amaterial 
through electro-chernical reaction.between t h e  moteriol and its environment. For such reaction 
to occur, there must exist a reas  of different potential which are electrically connected,and in 
contoctwith on electrolyte. When these conditions a r e  met, corrosion occurs thraugh the loss of  
metal ions at the anodic area, 

There ore four bosic elements necessary to the corrosian process. There must. be  o n  
anode, o cothode, o n  electrolyte, a n d  on electricol connection to complete the circuit. 
Sometimes itis difficult to identify all of these elements but, if corrosion is.taking place, all of 
these elements must be present. 

The  principol types of electrolytic cells which ore responsible far underground corrosion 
are a s  follows: 

- Bi-metallic Sell 
Such cells may form os a result of dissimilar metal couples, varying segregotian of 

diffsrent phoses in the s a m e  alloy, or differences in the condition of the  metal surface. 

- Electrolytic Cells 
Dissimilar environments alone will often providesuff icient voltage to incite corrosion. 

Significant factors which affect the environment include variations in oxygen concentm- 
tion, voriations in the pH of the electrolyte, differential electrolyte concentrations, ond 
temperature differences of the electrolyte. 

- Stray Currents 
Stroy currentspresent in  the ground fiom directcurrenfoperotions, such a s  subwoys 

or railroads, moy cause accelerated corrosion of adjacent metat structures. 

In accordonce with theelectrochemical theory of corrosion, the rate  of corrosion is o 
function of the mognitude of the current. The magnitude of this current flow in the cell 
determines the rote of corrosion o t  the onode. 

There ore a number of factorswhich influence the cairosion rate which is responsible 
for removing metal f rom the surfoce. Such factors can either work collectively or in 
isolation. They ore os follows: soil resisfivity; type and concentratian of salts present in the 
soil; presence of certain types of bacteria; extent of polorizotion of the onode ond 
cothode; size of onode a n d  cathode surfaces; distance seporaling a n o d e  ond cothode. 
Soil resistivity is probably the most important factor and is o function of moisturecontent, 
concentration of ionized salts present in the soil, and temperature. 

-. .I . 
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CONTROLS 

Coatings 

The quality of b coating applied to  a n  underground steelstructure is very importanf even 
though t h e  structure is to  b e  cathodically prokected. The effect of any deficiency or la.& of 
quality will be to shorten the.effectivelife of the anodes in a sacrificial system, or to increase the 
current requirements in on impressed current system. Poor qualitycootings may result from any 
of the following: 

- Poor quality coating. materials; 

- Inadequate surface preporation; 

- Improper application; 

- Too little coating or too few coats; 

Excessive d a m a g e  during shipment or installation 

It must be remembered 'thoi underground coatings a r e  inaccessible for maintenance 
during the entire life of the structure, and  such coatings must withstand high potentials and  
currents when contrasted io abovegroundstructures. 

- 

A premium type of cooting'widely used today by theail industry is coal-tar epoxy which 
cures by t h e  chemical action of a resin and  a catalyst. T h e  advantages of this $pe of caa thg ,  
are that they m a y  b e  applied cold by spray or brush; they have  excellent adhesion; they 
provide excellent resistance to gouging and  scrotching; they have.good durability and  are 
resistant to gasoline; and  no special primer is required. Their disodvontagesore that they ore 
costly; require immediate application aftermixing; and require excellent surface preparation. 

Care must b e  employed.in the handling a n d  shipment of coated tonksto ovoid damuge  
to the coating. Padding must be  used between chains and  tanks. Tanks should be ha.ndled.by 
cranes. The  coating should be  corefullyinspected before and  afterthe took is positioned in the 
hole, and  any damaged areas should b e  patched at  the site using the same iype of coating 
material. 

No coating con be considered one hundred percent perfect, and  pin-holes in thecoafing 
become major points of intensive corrosion action. It is for.this reason that o sacrificial a n o d e  
system or a n  iimpressed current system is installed. 

Cathodic Protection - Sacrificial Anode Systsm 

One of the most important approaches to corrosion control is cathodicprofedion. This 
method depends  upon the supply of an external current to polarize the cathodes of localized 
cells to the open  circuit potential of the  anodes.  In other words, a positive current is applied to 

. the  local anodes so that there will b e  no tendency for metal ians to enter  the soil. 

With the sacrificial anode  method of cathodic pro:ection, the structure and  the sacrificial 
a n o d e  (magnesium a n d  zinc having the widest accepted use) operate  as a bi-metalliccell in 
which the anode  is expendable  and  is consumed or "sacrificed" to the structure, which now 
becomes the cathode. For a given current output, a n  onode will h a v e  a definite period of 
useful tife. 
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lnstollotion of sacrificial onode systems must be done with greot core, especially backfil- 
ling operations to ovoid breaking cables ond connections. The locotion of onodes ond ancillary 
coblesshould be  accurately portrayed on a site plan so that futuremointenonce workwill not 
result in domoge. The placement of anodes in on instoliotion and, in particular, theirdistonce 
from the structure, i s  critical to ovoid shielding problems. Electrical connections must be 
permonently made using thermite welding techniques ond they should be  toped to insufote 
them from the electrolyte. Tsst robles must be installed ond .brought tosurfoce boxes for 
monitoring purposes. 

a 

- 

Much of the problem regarding connection of onodes has been successfully solvsd by 
Underwriters laboratory o f  Canada in their ULC 5603.1M Standards. Here the onodes w e  
attoched to the tank ot the shop of the tonk manufacturer, ond theentire unit consisting oftank 
and anodes.is installed in o single operation.. 

Unless the steel piping in an  installation is electrically isolated fromthe tank, thesacrificial 
anodes will endeavour,to protecf the piping and underground water mains in the immediate 
vicinity. This is usually overcome by the use of on insuloting tank bushing installed in all pipe 
openings of the tank. 

Cathodic Protection -4mpre3sed. Current System 

As stoted previously, cathodic protection requires a source of direct current. Such o supply 
can be provided by conventional generating equipment, such as a redifier connected to on 
AC power supply. A step-downtransformer is olso.required to reduce the driving voltage..The 
current is coused to flow throuah the soil to the structure to be nra~ec+ed.thrauoh on auxiliarv - ~~ - 
anode. In this case, there is  no need for the anode to,corrade: so thnt "permanent" types of 

' anodes, such os graphite or high-silicon iron are preferred. While they arecalled permanent, 
they hove a definite life depending upon current output.. 

Impressed current systems may offer several advantages over sacrifieiol.anode system. 
Sacrificial onodes ore limited by their inherent driving voltage, whereas impressed current 
systems ore free of this restriction. 

This i s  particularly important in the protection of existing uncooted tcmks, wherecurrent 
requirements con be quite high. A further advantage of this type of system'is that i t  rnoy be 
used to protect all underground.s~ruduresiur~s at the site including piping and hoist cylinders. 

The impressed current cothodic protection system design commissioned and available 
through PACE and prepared by Corrosion Service Company Limited of Toronto represents a 
cost effective combinotian of components. 

'This guideline standard covers the cathodic protection of U/Gsteeltdnks by means of an 
external current from a power system that i s  rectified to direct current ond injected into the 
ground through electrodes (anodes) buried neor.the tank. By this method; 0-corrosion cell is  
created making the tank the cothode (current receiver ond therefore non-corroding) ond 
replace the corrosion energy with external current and the buried electrodes. 

The system specified in the section can be used with olmostall buried tankage: However, 
when the current requirements exceed 12 amps or there is o severe stroy current corrosion 
problem at o site, then o corrosion specialist should be consulted to modify this design. It con be 
used equolly with existing or new underground steeLtonk systems and k a h o s t  olwoys used 
with uncooted tanks of the ULC - 5603M1981 Design..However, for new tank installations 
most companies prefer to use either FRP tonks orthesocrificiol onode type system to elirninote 
or reduce continuing monitoring.ond maintenance costs. 

@ 
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Comparison Summary of Systems 

- Sacrificial Anode System 
1 .  'No external power supply i s  necessary 
2. Maintenance and installation costs are-minimized 
3. Cathodic interferenceon neighbouring strudures is nota problem providing effective 
isolation of the system is maintained. 
4. Low potenfial provides self-regulation against over-protech'on 
5. Potentials are low aAd relatively fired 
6. Current outputs.are low ond relcrtively fixed ' 

- Impressed Current Systems 
1. Larger driving voftages.and higher current outputs are available 
2. Can be used in environments of most resistivities 
3. Voltage may be adjusted to regulate curten? output 
4. Bare or poorly coated structures may be  protected 
5. Continuing power costs will be incurred 
6. Installation and maintenance costs are higher 
7. Cathodic interference can b e  a problem 
8. Posribleto switch off current making for no-protection 

Cathodic Protection -Monitoring of Sydem3 . .  

The varying nature of the underground environment defies.precise evufuation and the 
conditions are subject to considerable variation throughout the life of the structure. 

Despite the difficulties, cothodic protection is accepted as a sound basis for corrosion 
prevention. The criterion is  that galvanic action on a structure has been halted when allpoints 
.on its surface have been polarized to o potential which.is equal to, or more anodic thon, the 
open-circuit potential o n  the most anodic point of the structure. 

The structure potential i s  measured relotive to a copper-copper sulphate reference 
half-cell, which is used to contact the electrolyte. The half-cell is. inserted into the ground 
sufficiently deep to contact moist earth. The volt meter is connected through its negative 
terminal to the structure and the refetence electrode to the positive terminal, since a steel 
structure situated in earth will usually be anodictothe copper-coppersulphatetesteledrode.. 

The criteria used to determine the level of protection achieved are as follows: 

1. A .structure-to-electrolyte potential of 850 millivolts negcitive to a copper-copper 
sulphate electrode. 

2. With bore structures, a .change of.the structure-to-electrolyte potential of 250 to 300 
millivolts in the negative direction from the structure's unprotected pdential. 

The use of a capper-copper sulphate half-cell requires considerable experience on the 
part o f the operator, particularly regarding the location where it i s  inserted into the ground. 
For this reason, it i s  not uncommon to install a pernanent-reference electrode, usually zinc. 

Frequency of monitoring is  important in oll cothodic protection systems. In the case of an 
impressed current system, the procedure is  considerably simplified, as instrumentation is 
usually built into the circuit. In the case of sacrificial anode systems, this. involves field 
operations. It i s  recommended that, after the tanks are backfilled at the timeof installation, a 
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reading should b e  token of the potentiol between each tonk lead in tu rn  ond the station 
ground. Conneciion to the loifer may b e  mode to the body of ony-electrical'fitting. In each 
cose, this reading should indicate 30 millivolts or more to prove electrical iso!otion. I f  no 
opprecioble potential exists, the system is shorted and the short should be located before 
completing the installation. 

Between one ond  six weeks.oQer completion of the instollation, the potentiol of each protected 
tank should b e  measured and recorded. This same testshould be ogain conducted after the 
first year  of operofion and every two years thereafter. It is strongly recommended thatthe tesf 
also be  conducted immediately after a n y  excavation of the yord and around the tonksand 
betweenthetanksandthepumpislands.  Ifthevoltmeter isfound tofluduote widely, a s  would 
be caused by stray ground currents, or if the readings otherwise indicate that the tonk is 
unprotected, then a corrosion engineer should be consulted. 

References: Environment Canada Publicatian WER4"Evaluoiion ond Preventionof Corrosion Leaks on Buried 
Storage Tanks" 

Petroleum Equipment Institute Series of Papers on Corrosion by E. Hordcasile, BP Canada 
published in Tulsa Letter 

PACE report on impressed Current Cathodic Protection prepared by Corrosion Service Co. Ltd., 
Toronto 
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Causes S Control 

Internal corrosion of underground steel storage tanks can and will occur whenever 
conditions produce an electro-chemical cell as with externol corrosion. 

While much work has been done to assess the external environment for the tank, little has 
been done an the internal environment. However, if i s  just a5 important based on industry 
experience that a significant number of tank failures are due to internol corrosion. 

The corrosivity of the internal environment is inftuenced by the following: 

(i) 

(ii) 

(iii) 

water accumulation from the product or condensation 

the amount of oxygen preseni 

the formation and deposition of sludge 

- (iv) presence of bacteria 

(v) accumulation of dirt and scale 
-. 

Further, mechanical factors can affect the rate 05 corrosion of tank interiors 

(vi) 

(vii) . dents and irregularities caused by installation 

(viii) impingement on the tank bottom by.the dip stick 

(ix) 

(x) 

slope of the ionk bottom 

frequency of filling and emptying 

length of drop tube fill connection 

From these condiiions, severe internal corrosion will be expected to occur at weld joints of 
lop, buft ond oifset design where dissimilar metals will be in contact and immediately below 
any submerged drop tube and/or dipping point. In a reportto the U.L-C. Underground Tank 
Commiftee, Thorco Tank Lining Seal Company found in a survey of ~12J'tanks in the prairie 
provinces, 30% exhibited internal crevice corrosion mostly at l op  and offset welds. Corrosion 
below the fill-pipe occurred in 10% of the.tanks surveyed. In unpublished findings by BP 
Canada, they reportthataf.372tonkstested forcorrosion belawthe fill-pipe in'1981,12-13% 
showed moderate corrosion, and up  to o further 5% showed severe (pitting of 4/32" or 
greater) corrosion. Although a high proportion of these tanks were 17-20 years old, a 
significant number were of a much younger age, and from this sample no correlation was 
found between age and incidence or severity of internal corrosion. Asurvey carried out from 
1977-1980 by API found that approximately 30% of leaks in steel tanks with.submerged 
fill-pipes occurred directly below the fill-pipe (internal and external corrosion). Thesamestudy 

. 
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olso stofesthatof all tank failures from corrosion in the sample (678) 9.0% weredueto iniernol 
corrosion. 

Complete control of the above factors contributing to internal corrosion is  impossible or 
impractical. Water and oxygen levels generally conno; be controlled at  service statiom. As 
gasoline is  a hygroscopic product, a smoll omount of water i s  usually introduced with it and gas 
blanketing and breathing systems that operate on o positive pressure are probably impradi- 
cal. Boderia con be controlled by chemical bactericides, but considerable caution i s  required 
in selection as most are corrosive agents themsetves. Avoiding couples of dissimilar metals 
leoding i o  galvanic.corrasion con really only be controlled by the manufacturer of the tank, 
unless the dissimilar metal i s  introduced during installation oraccidentally loterwhen in service. 
Butt welds oreleast susceptable to crevice corrosion, presumably because water is not usually 
trapped at such a wdd. , 

The revised U1L.C. 603.M1981 standard for steel storage tanks.specifies full penetration 
butt welds or portio1 seal welded tap and ioggle welds to prevent crevice corrosion. Also PACE 
recommends a protective coating on the interior tank area immediately below the fill-pipe. 
These revisions have been incorporated into o revised.U.L.C. 603.1M 1982. Careful tonk 
installation is  important to ovoid dents or any pocket where waterwillaccumulate and creoteo 
corrosion cell. For FRP tanks most monufocturers install a meto[ plate. below all iiitings. 

Beyond these points, good housekeeping at the service stationsitei avoiding introduction 
of road salt and dipping with a plastic tipped stick will contributeto reduced rates of corrosion 
and few.er tank failures. 

Methods of detecting internal corrosion ’in service’ are limited generally to inspection 
below the fill-pipe, whereos welds con only be visuolly inspected by entry through a mon-hole 
after emptying and gas freeing the tank. For determining corrosion below the fill-pipe, 
principlesthot con be applied aretoking on impression with o mould, ultrosonicscanning and 
visual inspection using o fibre-optic probe. However, very little suitable test equipment is 
commercially ovaila ble. 

Internal Lining 

Internal lining of steel tanks with on epoxy resin or the so called glass ormour coating is 
extensively used in  the USA and to a lesser extent in Canada. It involves isolating the tank, gos 
freeing, entering and sandblasting to cleon the internol surfoce,spraying the resin to about 
125-150 mils thickness and then resealing the tonk. Generally, opplicatars work to their awn 
specifications, os there is  no industry accepted stondord or one required by U.L.C 

However, recently API has established a task force which has drafted a Recommended 
Proctice for Interior Lining of Steel Underground Storage Tonks sefiing minimum standards. 

In particular, the draFt stotes that internal lining can only be used to repair certain 
corroded tanks and profect from internal corrosion. The lining does no: provide or reploce any 
structural strength. Tonks that are split or have asignificant perforation must be  removed and 
not lined for further service. Some Provincial authorities prohibit lining any tank that contains 
one or more perforations. 
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I”fERblf4!. CQk’SoSIoN (BELOW Flu-PIPI) ’ 

ONTARIO QUEBEC TOTAL 

NO. OF SITES TESTED 53 70 123 

NO. OF TANKS TESTED 1 75 

NO. OF TANKS WITH 29 
INTERNAL CORROSION 

- . 
197 372 

32 61 

UNPUBLISHED 1981 DATA OF BF! CANADA 

SEVERITY OF COXROSION. (INTERNAL) 

DEPTH OF PITTING BELOW FILL-PIPE 

TANKS TESTED 
INCHES 1/32 2/32 3/32 4/32 5/32 6/32 TOTAL TOTAL 

ONTARIO 
INCIDENCE 7 -  8 7 5 1 1 29 175 

% INCIDENCE OF 
TOTAL TESTED 4 4.6 4 2.9 -6 .6 16.6 

QUEBEC 
INCIDENCE 5 13 6 6 2 0  32 197 

% INCIDENCE OF 
TOTAL TESTED 2.5 6.6 3.0 3.1 1.0 0 16.2 

TOTAL 
INCIDENCE 12 21 13 11 3 1  61 372 

% INCIDENCE OF 
TOTAL TESTED 3.2 5.7 3.5 3.0 .8 .2 16.4 

UNPUBLISHED 1981 DATA OF BP CANADA 
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General 

There are mony items thbt affect the rote of external corrosion of underground steel 
tanks such as type of construction, nature of the underground environment and age of 
tankage. For new tanks we can take steps.to construct tonks with fewer lop joints and of 
compatible plate, welding rod.and attachments and con install protected tanks. However, for 
existing tonkage upgrading.ta reduce underground leaks while still.gefting the best dollar 
value of installedtankage, a combination af soilevaluotian and ogebecomej an essentialtool 
to enable US to manage our systems. 

Ageof tanksissometimesa difficult iterntoob:oin butcan usually be obtained withsome 
seorching through fixed records.The evaluotion of the underground environment is probobiy 
the most vitol part of any underground tank upgrading program ond an individual study must 
be carried out,at each site~to be. meaningful. 

Procedure 

' 

Because of the variation in soil propertiesj even on one site, it is considered advisable to 
take soil samples.from threeseparate locations on site, preferablyseparated by about looft., 
(30 m)  then analyze each sample separately and averagethe result. Samples should betaken 
in the noturalsoil ofthearea, i f  possible, since overtime any backfill around the tank will tend 
to take on the properties of the surrounding soil due to infiltration and ground moisture 
movement. Holesshould be  drilled and samples obtainedpreferobly ot  the level of the lower 
part of the underground tonks but in no caseless than 3ft .  ( 1  m) deep to be  belowthe topsoil 
and to be relatively representative o f  the soil around the tank. 

. 

Once the sample is obtained, it should be either evaluated on site immediately before it 
dries out or should be tightly sealed in a plastic bag for evaluation os soon as convenient.. 
Properties of the soil that can affect.the rote of corrosion and require tests are as follows: 

0 Resistivity -The lower this value is, the greater corrosion current can flow if o cell i s  present. 

pH (acidity) test - The more acid the soil, the more hydrogen ions ore present which 
promotes greater corrosion damage. 

e Moisture - This property tends to lower resistance to current flow and also improves 
corrosive conditions 

0~ Sulfides - If ony sulfides are present it indicates decaying vegetation, garbage or other 
such conditions that promote bacterial growth and stimulate corrosion. 

An excellent source of rating these characteristics is contained in  the Manuscript Series of 
documents issued by Environment Canada, Appendix A of their pu.blicotion EE-14"Evoluation 
and Prevention of Corrosion Leaks on Buried Storage Tanks" covers o Soil Sampling. Program 
thotis currently in use by at leostone maioroil compony in Conada and is  aeached (Appendix 
A). This covers sompling procedures, equipment, a table for scoring thevarioussoil properties, 
a focilify Corrosion Survey and on evoluotion groph thaf recommends upgrading action 
bosed on a combination of soil aggressiveness score and tank age. 
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Individual poinh ore assigned to each of the characteristics of resistivity, acidity, mois:ure, 
sulfides and differential values of them (referTable Al). Thesevalues are inserted in thechart 
onTableA3 ond when summed up give.a total to indicate the soil aggressivenessvalue. (SAV).. 
The site score orindex is  obtained by multiplying this SAV value by the tank age in years. 

.' m 
These two values are plaited on the matrix shown a s  Figure A-1 (see page 61:) and this chart 

then indicates the action.required by the combination of the soil chemistry and thefank age. 

The derivation of the chart figure A1 is based on factual data of leaking tanks obtained 
by a PACE Task Farce in 7 977. A 6 month detailed study of all. tank leaks from all Canadian 
petroleum companies combining age and soil evaluation wos the basis of the chart. The lower 
curve SAV x AGE= 69 represents a 95% probabilitythot no leaks will have occurred and i s  
based upon a regression analysis of the test data with a correlatim coeffkient of 0.72. 'The 
upper curve SAV x AGE equal to 180 represents a point where 40% of the detected leaks had 
occurred and is an arbitrary limit that could be higher or lower based an individual judgement. 
However, the lower 69 curve i s  a factual line based an hard data that cannot be raised fa a 
larger value. 

- 
- 

. . 
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A. 1 .O SAMPLE SELECTiON 

There are twoseparate  cosesto consider a n d  these are either a general  survey where no 
tank excavation is being done-and the other is where tanks ore being removed. 

a.1.1. 

Sampling whereno tank excavation is underway requires a power a u g e r  to drill sample 
holes. There should be 3 separote  holes drilled for each site and  if possible thty should-be 
separated by abaut  100 ft. (30 m) a n d  b e  representative of the nativesoil in which the tank is 
buried (not the  backfill around t h e  tank). Holesshould b e  a t  least 3 9 .  (1 m) d e e p  beforethe 
sample is removed a n d  the sompls, approximately 2cup size, should b e  identified;pIacedin o 
plastic bag, and  b e  tied to retain its natural  moisture content until analyzed. 

A. 1.2 

Wheretanks ore being exovafed, threesctmples should betaken from the excavation at 
a level a t  or n e a r  the bottom af thetank..Thesamplesshould b e  obtained one from each end 
of the tank  and  one near themidpoint, should be fresh samples (dig into bank 2 or 3" ($0 to 
75 mm) beforesompling), should b e  notural soil not Ija&fill and  must not b e  contominuted 
with petroleum products. Bag samples in plostic bags a n d  identify. If possible, all samples. 
should b e  analyzed on site a r  at least as soon as practicable.aiter collection. 

A.1.3 Test Sequence 

' . 

0. Resistivity determination 

b. pH test 

c. Moisture evaluation 

d. Sulfide test 

e. Differential characteristics - i) resistivity ii) acidity 

A.2.0 TEST & EVALUATIUN PROCEDURES 

A.2.1 Resistivity 

Equipment required. Agra Mk. 2 soil box ond multimeter. 

Procedure: 

Remove sample from plastic b a g  with putty knife and  place in  soil box (do not touch 3). 
Add some moisture or distilled water, if sample hos dried out. 
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Press sample inla sail box compacting it firmly sothat no cornervoids exist.Tamp sample 
with handle of putty knife to compress sail as.neoros possibleto natural condition. Cutoff soit 
flush with the top of the sail box with a p u w  knife. 

Connedthe red lead of the multimeter to.one terminal ond the black lead to the other 
terminol of the sail box with the meter set to measure ohmsx 1000. If meter does not read 
mid-scale, turn resistonce scale switch to read about centre scale. Toke resistance reading 
above and muliiply by 10 to obtain soil resistivity. Enter reodings. in appropriate block of 
To ble A-3. 

A.2.2 pH (Acidity) Test 

Equipment required. Beckman 'pHidol' meter ond buffer solutions, 

Procedure: 

Vv'ith putty knife.ploce a sample of soil in vial supplied with kit. Add distilled woter and 
shake to prepare a slurry. Submerge probe in slurry and read meter. Enter pH reading in 
appropriate black.of Table A-3. Follow instructions supplied with meter and calibrafe daily 
with buffer solutions. 

A.2.3 Moisture bvaluaition 

Equipment required. None. 

Piocedure: 

Roll sample in hond. 
Free moisture present - saturoted 
Remains rolled - no free moisture 
Remains partly rolled - domp 

- wet 

Will not roll - dry 

A.2.4 Sulfide Test 

Equipment required. Test tubes and rack, 15% H.ydrochloric acid, tube of  lead acetofe 
strips. 

0 

Piocedure: 

With putty knife, lift a smoll sample of soil (about l j 8  tecrspaon) and place in test tube. 
Add 15% hydrachlaricacid to half f i l l  test tube. Wait 30 seconds to I minute and insert a lead 
acetate test strip in vapourspace above acid. Holdstrip free of  sideof tube and above liquid. 

If test strip does not change calour, there ore no sulfides present. If teststrip turns beige, 
brown or black, sulfides ore present. Use this as a go/na go type o f  test and score 4 i f  any 
sulfides present or Ofor none. Do not interpret an average of 2fortroce. (Applicable to S.A.V. 
System) 

A.2.5 Differential Chomcteristics 

This is scoring based upon the maximum variations found in A.2.1 and A.2.2. 
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i References: 
e Environment Canada Publication EE-14 "Evoluotion and Preventionof Corrosion Leokr an Buried 

Sforage Tanks" 
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TAELE A-1 . 
6ASIS FOR TEE EVALUATION OF UNDE2GROUMD ENVIRONMENTS (S.A.W. 

Systems) 

I BASIC CHARACTERISTICS 

6 Soil Resistivity 

0 Soil Moisture. 

It DIFFERENTIAL CHARACTERISTICS 

e Resistivity 
(ratio of extremes) 

Soit pH 
(Difference in 
pH Value) 

Ill  SULFIDES 

< 300 
300- 1,000 

1,000 - 2.000 
2,OcO - 5,000 
5,000 - 10,000 
10,000 - 25,000 

> 25,000 

< 3  
3 -  I 5 
5 - 6.5 

6.5- 7.5 
7.5 '- 9 

> 9  

Saturated 
Damp 
Dry 

> 1:lO 
> 1 :  5 
>1: 3 
<1: 3 

3 
1.5 - 3 
0- 1.5 

Positive 
Negative 

POINTS 

12 
10 
8 
6 
3 
1 
0 

8 
6 
4 

. 2  
1 
0 

3 '  
2 
0 

3 
2 
1 
0 
2 
1 
0 

4 
0 
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0 CLASSIFICATION 

A 

B 

C 

TABE 8-2 
ENVIRBMMEWAL R15K EVALUATION 

I ENVIRONMENTAL RISK 

High risk - Facili:ies a t  which tank leaks could cause the greatest 
hazard to life or  to the e,nvironment. Locations in t he  viciniby of 
basements, subways or tunnels o r  those adjacent to navigable 
waterways or streams a r e  examples. 

Moderate -These are sites where.any tank leaks would present a 
moderate potential of hazard to.human life und properly and no  
d a m a g e  to t h e  environment. 

Law -These will generolly be remote facilities where  u tank I w k  
would cause no particular hazard to life, property, or no darnageto  
the  environment. 
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CLASSIFICATION 

A 

B 

L 

\ 

TASLE A-2 
ENVIRONMUENJAL R E X  EVALUATION . 

ENVIRONMENTAL. RISK 

High risk - Facilities at which tank leaks could cause the greatest  
hazard to life or to  t h e  environment. Locations in the vicinity of 
bqementa,  subways or  tunnels o r  those adjacent to navigable. 
waterways or  streams ore examples. 

Moderate- These are sites where any t a n k  leaks would presenfa 
moderate.potential of hazard to human life and  property ond no 

Low - These will genemlly be~remotefaulit ies.  where.a tank leak 
would cause noparticular hazard.to life, property, orno damage.to 
t h e  environmen). 

damage to theenvironment. . .  
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TABLE A-3 
UNBERGROUMD PREVENTW? MWIMTENANCG PROGRAM 

-FACILITY CORXOSION SURVEY - 

RISK GROUP CLASSIFICATION: ..................... FACILITY N U ~ B E R :  ....................... - 
SURVEY DATE .................................... LOCATION. .......................... 
PREPARED BY: ..................................... ................................... 

” 

Il.(A) - SOIL AGRESSIVENESS EVALUATION 

AGRA MARY II SOL BOX 

GENERAL 
TANKAGE 

SIZE - NUMBER 

8 ANY K N O W N  LEAK HISTORY? YES 
0 NO 

0 AilE PRESENT STEEL TANKS PROTECTED BY A CATHODIC PROTECTION SYSTEM 0 YES 

0 NO 

.. 
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A t  this time there a ie  essentiaily two msthods of opplying soil analysis duto to ossess the 
probability of  tank leak. These ore the compilation of the Soil Aggressiveness Value (SAV) and 
the estimation of tank life from the Rogers‘ Regression Equation. 

Soil Agcjiessivensss Value (SAV) 

Sail aggressiveness values are a basis for comparing soil environments. When data on 
actual leaking tanks iscornpared i o  a graph where SAV is plotted against tank age, different 
ranges of SAVand age can be established to indicate conditions of highversus law probability 
of a leak occurring. Three elaments constitute~the SAV numerical total. These are: 

I) bosic characteristics.which include soil resistivity, soil pH and soil moisture 

11) differential characteristics which are the ratio.of extremevaluesobtained a t  anyone 
siteof resistivity and pH.- and 

111) sulphides, either present or not present (see ref. Environment Canada Report EE 
14 A-1). 

Points’from a piedetermined.scale are applied,to each factor which when add.ed together 
givesthe SAV. While the weighting points are not empirically derived, they are basedon field 
experience of leaking tanks and expected tank life within the industry. 

Multiplying the SAV scare by the tank age gives the T/S index. At least one major 
integrated ail company in Canadahas based it’s tank upgrading programme onfhe following 
decision criteria using the T/S index. If the index is greaier thon 180, then underground 
storage tonks are recommended for replacement. For T/S values between.69 and 180, tanks 
are leak tested and either reploced or cathodically protected with a n  impressed current 
system. Below the 69leve1, and below a SAV reading of 4, soil is considered.’benign’and tanks 
will not experience significant corrosion before reaching a T/S index of 69. Above-an SAVof 4 
and below a T/S index of 69, tanksshould be cathodically protected with an impressed current 
system. This tank evaluation procedure is shown in the attachedgraph (Figure A-1). 

While a close fit between a high versus o low probability o i  tank failure may be found 
using SAV scores for a lorge sample of sites, the T/S index does not give a complete 
correlation. Evaluation of the environmental risk (Le. the possible consequential da’moge that 
could be coused by a leak) i s  recommended in all cases to supplement the decision making 
process. A simple.subjective classification can be found in Environment Canada Report EE-14 
(A-Z), but this can become more sophisticoted depending on the need. 

Rogers’. Regression Analysis 

This statistical analysis undertaken by Warren Rogers for API, aims at establishing 
whether the ages at which.tank leaks occur are related to meosureable characteristics of the 
tonk environment. Sornple doto obtained from industry from which the formula was devel- 
oped indicated leaks at  tank ages from o low of 5yearsto a high of 45.The analysis using soil 
doto of resistivity, moisture, pH and sulphides, together with tank size, has resulted in a 
mothernotical formula which explains approximately 75% of the yariabitity in the actual tank 
l ife experienced from the industry data. 
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In addition, it is claimed that the statistical properties of t h e  remaining 25% unexplained 
variobilivaresuch that reliobleestimatesof the prababilityof leakat  any given t i necannow 
be  made. 

The equation can b e  srated as: 

1 M e a n  Age to Leak = 5.75 x R . O ~ X  S -.017 x e-p (.12ph- .42M- 26Su 

where R = resistivity (ohrnlck.) pH = acidity/alkalinity Su = sufphides , ' 

S = tank size (Imperial M = moisture 
Gallons) 

This means that  within a standard deviation range of k 2.5 years of the'meon'tank.life, 
the probability of a tank leak is 68%. The probability of a leak a t  any given time is the octuol 
age minus the  mean ageto leak divided by 2.5 with the  resulting rotia.used with a s t a n d a r d  
normal distribution table  of probabilities. 

The  equotian. is mast sensitive.ta changes in moisture, followed by sulphides, ptl and 
resistivity, as shown in the attached chart. Originally, values recommended.. in the Rogers' 
report were far  moisture: either 1 if saturated;'or 0; and far sulphides either'l if presentor 0. 
However, in recent (November 1981) unpublished work completed by BP Conada,  a- three 
paint rating system wos used. The rating system for moisture wassaturated 1, d a m p  0.5, dry.0 
a n d  far sulphide5 was stronglypresent 1, trace 0.5 and no presence O.This helped reduce the 
generally law estimated tank life predictions previously obtained (usually maximum l i fe  of 1.2 
years) a n d  further separa te  different sites in terms of expected l ifeand therefure risk.of leak. 
A summary of the unpublished BP Canada  findings (attached) shows that the .average  
estimated life of underground tanks a t  227sites in Quebec.and Ontario sail sampled.in 1981 
was 14.9years, with a low of 9.4and o high of 2 3 . 8 y e o ~ .  Thiscampares with variauslyquated 
industry averages of tank life of 17-19 years. 

As the Rogers' equation is further used, its reliability is likely to  be'improved with 
quantification of variables and comparison with actual leaking tanks. Additional work is.also 
being carried aut by Rogers t o  develop a predictive model far internal corrosion and 
incorporate all d a t a  analysis into a decision tree model to optimize m a n a g e m e n t  decision 
mak ing  required fa r  any comprehensive upgrading programme. This is expected to b e  
particularly valuable in allocating capital totalling many millions of daltars over a likely 
time-span of up to ten years. 

References: 

1. Environment Canada Report EE-14'Evaluotion 8 Preventionof Corrosion Leaks on BuriedStorage 
Tanks' 

2. 'Storiiticol Analysis of l i m e  to Leak of Buried Gasoline Storage Tank' 

prepared by Warren Rogers Assaciatei lncorporoted for the American Petroleum Institute 

3. Unpublished 1981 doto on use of Rogers' equation by BP Canada 
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DATA 

RESISTIVITY (R) 

TANK SIZE (5) 

PH 

SENSITIVITY OF ROGERS' EQUATION 

Mean Aqe to Leak = 5 . 7 5 ~  ~ 3 5  s.-.017x EXP 1.127n- . .~~M- .z~su I  

IF 

PH 9 

PH 7 

MOISTURE o 
MOISTURE .1 

SULPHIDE 0 

SULPHIDE I 

RESISTIVITY 60K OHM-CM 

RESISTIVITY 2OX OHM-CM 

RESISTIVITY 5K OHM-CM 

- 
10,000 OHM-CM MOISTURE (M) .5 

5000 IG SULPHIDES (sq.5 

8 

MEAN AGE TO LEAK 14.66 YRS 

YEARS 

MEAN AGE TO LEAK.16.53 

MEAN AGE TO LEAK 13.00 

MEAN AGE TO LEAK 18.08 

MEAN AGE TO LEAK 11.88 

MEAN AGETO LEAK 16.69 

MEAN AGE TO LEAK 12.87 

MEAN AGE TO LEAK 16.03 

MEAN AGE TO LEAK 15.17 

MEAN AGE TO LEAK 14.16 

RESISTIVITY 8 PH MEASURED FINITELY 

MOISTURE AND SULPHIDES PRESENCE DETECTED BVT NOT QUANTIFIED 

62 

CHANGE (Years) 

+ 1.87 

- 1.66 

+ 3.42 

- 2.78 

+ 2.03 

- 1.79 

+ T.37 

+ J T  

- .5 

i 

. . ,. .I- .. . -  ..-- -II_ :... . _- ~. ,.. .---- __+ 



, 

0 
OVERALL 501L DATA & ROGZRS’ EST. TANK LlFE 

- ~- 

RESISTIVITY 5.0W 3,000- 
OHM-CM > 10,000 10.000 5,000 < 3,000 TOTAL 

NO. OF SITES 98 49 51 29 227 

PH (RANGE) 6.7-9.2 6.9-8.3 7.1-8.6 6.8-8.9 

MOISTURE .5 > 
(MOST COMMON) 

SULPHIDES .5 > 
(MOST COMMON) 

MEAN AGE TO LEAK 
ROGERS‘ ESTIMATED 10.9-23.8 11.7-17.1 10.5-17.5 9.4- 17.3 
RANGE IN YEARS 

AVG. OF MEAN AGES T6.0 14.7 13h 13.5 

* 

AVERAGE OF ALL MEAN AGES 14.9 YEARS. 

Unpublirhed 1981 data i f  BP Canada 





Removol, disposal ond abandonment of underground qanks, used for storage of flom- 
moble or combustible liquids, must be done with core. In order to. prevent occidents, 
procedures outlined below shouid be followed. 

I. REMOVAL 

When an underground tonk will naf be used agoin; it must be removed from.the 
ground: 

0 Remove all flammable or combustible liquids from thetank and connecting lines. 

0 Excavate down to the top of the tonk, remove the fill tube and disconnect all lines. 

0 Plug 011 tank openings temporarily ond complete the excavation. 

0 Removethetank fromground and recaverany produaorsludgeifspilled. Disposal of 
sludge would be  required as per local regulations. 

0 Place tank in a secure position ond block to prevent movement. 

Where the tank is not to be replaced, remove piping from the ground or purge the 
piping and permanently seol the ends. 

0. If thesoil oround ond underthetankcovityiscontominatedwith product, removesuch 
contaminated soil and product. For new tank instollation reploce excavated soil with 
clean, well compacted granular material. 

0 Where the.tank is  not to bs replaced, fill the cavity with clean, permanent fill. 

II. DISPOSAL 
Underground tonks which hove been removed from the ground can bedisposed for 

reuse or scrop. 

A. DISPOSAL FOR REUSE 

Legislation generally prohibits reuse of existing tonks . 
Where regulations permit reuse, the suggested procedure is: 

0 Clean removed tank 

0 Gas-free removed tank. Method of gos-freeing the tank shall be by odding dry 
ice (solid carbon dioxide) in the ornount of 2 kg per 1000 L {Zlb. per 100 gal.) 
tank capacity. As the dry ice vopourizes, flammable vapours will flow out of the 
tank ond may surround the oreo. Observe all normal safety precautions regord- 
ing flommoble vopours. 



Optionol method of gas-freeing the tank is  by using.vfater providing there i s  
suitable means for,water disposal. Fill tank.with water to forcethe vapours out of 
the tank. Remove product floating 00 the water as the level rises. Again observe 
safety precautions regarding flammable vapours which may surround thearea. 
Dispose contaminated water in accordance with local regulations. 

0 Plug or cap all hales, provide about 3 mm (1/.8 in.) hole in ?he plug ta prevent 
build-up of pr&sure inside the tank. 

0 Inspect the tank for excessive denting, pitting or gouging which may prohibit 
reuse of the tank. 

, 

0 Secure the tan,k on a truck and rempve from the sitetotlie new site ortostorage, 
(in a protected area) 

5. DISPOSAL FOR SCRAP 

Suggested steps when disposing for scrap are: 

-'Clean removed tank. 

0 Gas-free the tank (see gas-freeing procedure in Section A. Disposal for reuse) 

0 Puncture or cut the fank in several places to render it unfit for reuse. 

0 Apply.stencil (or other) warning to the tank reading .. 

Tank Has Contained leaded Gasoline 
(or Flammable liquid)* 

Not Gas-Free 
Not Suitable for Food or Drinking Water 

e Remove the tank to scrap. 

*Use the applicable designation. 

111. AWAiEONMEN'i 

Abandonment of a tank in place i s  notacceptabte and reguiotions normally require 
removal. 

If abandonment i s  approved by the regulatory authority for any reason, follow this 
procedure: 

0 Remove all flammable or combustible liquid from the tank 

0 Excavate down to the top ofthetank and disconnect the suction, inlet, gage and vent 
lines ond cap or plug their ends. 



0 Gas-free the tank. Fill the tank with water and  remove the floating product as the 
wafer level rises. Flammoble vapours will flow out of the tank and  safety precautions 
must be  observed. Gas-freeing by dry ice m a y  be used 0 5  an alternative (seeSed. It. 
Disposol) 

0 After water has overflowed the tank, cut one or more large holes in the tank top (e.% 
using bock hoe), pump out the water and dispose of it as per local reaulations. 

0 Fill the tank completely with an inert solid material (sand, granular material or 
combination of sand and.earth fill). Use nominal amount of water to flow the material 
to the tank ends. 

e Remove the piping or purge and  permanently seal the ends. 

e Restore site to f h e  original state by using clean backfill material. 

e Keep records of t h e  tank lacation and  da te  of abandonment. 

References: 

- Recommended Practice for Abandonment or Removal of Used UndergraundSewice StationTanks 
- API Gulletin 1604, March, 1981 

- Federal, Provincial and  local legislations and  regulations. 
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Division 3, Water Resources Control Board Chapter 16, Underground Storage Tank 
Regulations 1985 
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Accidental spills along extended routes and unanticipated conturnination from fixed locations offer 
speclal problems A monitoring system designed within the context of a different s t  cd objektiva to 

resolve these problems is described. 

>y Hans-Olaf Pfannkuch 
jnivenity of Minnesota 

5 p i a l  Problems of 
Jnantidpabd 
:ontaminant Rei- 

The unanticipated release and 
)ropagation of contaminants in the 
:roundwater flowsystem isaspedal 
'xx of pollution. Strategies to hnn- 
Ile such a contamination case arc 
lifferent from those employed In 

current situations where the 
hood ofpollutioncould be fore- 

)roblems of this lilnd. 
The flrst problem is the acciden- 

al occurrence of spills at a point 
dorig anextended. linear routesuch 
1s a pipeline break or a tank car 
iccident. An unforeseeable element 
)r chance or randomness is intm- 
lucedbecauseoftheunknownloca- 
Ion and time of the incident. The 
acond problem involves leachate 
!eneration and propagation from 
inregulated orpre-regulation aban- 
loned land disposal operations.The 
andomelementin thiscaseis that. 
i i  general. the location. nature and 
drength of thesourceare unknown 
vhen the problem nrjt surfaces. 
loth situations are characterized 
iy the lack of genenl lnformatlon 
ilrout the hydrogeologlc character- 
stics of thesite and the dynamics of 
he ground-water flow system near 
he source. It is economically unfea- 
it)le togatherdetalied informatlon 
or every foot of transmission route 
d u r e  the actual Occumnce of an 
1 .  ,idcnt. nor is i t  feaslble to expend 

elToorts forstudleson hundreds 

I tes before a problem IS detected. 
'Ills means that. in a sltuatlon in 
.*hich arapidmponseisnecessary. 

@ n. Thls article deals with two 

(II, musands of suspwted disposal 

the degree of preparedness Is much 
lower than for those cases where 
potential contamination from a 
known source of Oxed location has 
been planned lor In the deslgn. 

The basic commonality In man- 
aging accldental spills along ex- 
tended routes and contamfnant 
detection from unknown SOUrCeS 1s 
that mpid countemeasurcshave to 
be takenand that monitoringopeW 
tions are tightly interwoven with 
the basic information gathering 
process, the development of the 
observation network and schedule. 
and the direction of the abatement 
and cleanup activities. Especially in 
the early stages of development. all 
of these opentlons occursimdtane-' 
ously.Thlsarticle dlscussesspecific 
monitoring strategies to meet these 
special situations. 

Monitoring in the General 
Pollution Control Context 

In order to optimize the design 
and opelatlonofmonitorlngsystems 
it is appropriate to take a holistic 
view of monitoring as part of the 
informationcomponent in theover- 
all management ofpollution control 
opentions (Pfannkuch. 1975). Con- 
troUingaspiilorcontamination caze 
is a decision and management pro- 
cess with goals arid obJectives. 
economic and technological con- 
straints and with optimization pro- 
ceduresanddezisionsabout alterna- 
tive courses ofaction. Management 
goals in response toapollutlon inci- 
dent may range from total remoml 
of the pollutant and reconstltutiori 
of the environment to prc-pollution 
levclsoverabatement and mltigatlon 
to simply mlnirnlzlng and contain- 
ing the damage. Monitoring open- 
tions are a tool to assess the situa- 

tion. to guide the action. and to 
evaluate its efficiency and mmpli- 
ance with set standads. 

Figure 1 shows the relauon of 
monltoringoperatbnsand monitor- 
ing systems des@ to the main 
management objectives, but also to 
the constraints amposed by the 
physical and technological realities, 
and by the mionronomic environ- 
ment [Pfannkuch and Labna 1976). 
The economic op&imization of the 
monitoring process is a resource 
allocation problem with the goal of 
developing the most cost-effective 
monitoring progmm in order to 
obtain the maximum protection of 
the ground-water resource from a 
technologid point of view (Todd et 
al. 1976). 

This article concentrates on the 
technologlcal aspects of optimiza- 
tion. -use before an economic 
decision~bereashedatechnologi- 
cal background has  to becreated on 
the basis of which different altema- 
tives can be evaluated. The first 
important element in designing an 
emcient monitoring system is the 
proper understanding of t h e  
mechanics and dynamics of con- 
taminant propagation. Le., whether 
the contaminant rnovesasasoluble 
phase o r  by multiphase flow, 
whether the controillng mecha- 
nisms are described by vadose or 
saturated flow.plston displacement 
ordiffusion-dispersion among other 
things. In addition transport param- 
eters of the flow system.such as per- 
meabiiitS: porosity. capiUarlty and 
disperslrltyof the material through 
which flowoccursrnust beevaluated. 
Alongwith the macroscopicorexten- 
sive parameters. such as the bound- 
aries of the aqulkr system and its 
hydrodynamic variables potential. 

# 
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MONITORING SYSTEM 
OBJECTIVES 

I 
figure 1. Monitoring spstom dosign and oRardlon 

c 

e 

Figwe 2. General contaminant rele~se matsiz 

water tablecodiguratlonand poten- 
tlal gradients, these factors deter- 
mine the directlon and veloclty of 
movement and dlspersion of the 
contamlnant. Based on this Infor- 
mation, the location and number of 
monitoring wells. and the frequency 
of sampllng can be establlshed. The 
reconnalssance and Information- 
gatherlng operatlons In thls flrst 
phase are not d y  monltorlng oprr- 
atlons per se. but in a compacted 
schedule ofeventsareconnalssce 
\vel1 may qulte likely become a monl- 
toring well later In the program. 
Thlsphaseshould thereforebecon- 
sldered partofthe monltorlngeffort. 

The variables to be Included In 
the monitoring program depend 
both on the propagatlon mecha- 

oa GWMR/Wintw 1982 

nlsm. the technologlcal feaslbllity to 
sample and the objectives of the 
monltorlng program. The dlfferenl 
objectives In thecaseofanaccldenta 
spill or leachate propagatlon fror 
an unknown source are: 

Determinatlon of the extent 
nature and degree of conhlnat lor  
(source monltorlng). - Determlnationofthepropaga 
tlon mechanlsm and hydrologlc 
parameten to lnltlate appropriatt 
response. 

0 DetecUonandwJmngofmove 
ment into c r l t l d  areas. 

0 Assessment of effectiveness o 
Immedlate abatement and cleanq 
opentlons. 

RecordlncLoflone-termevalua 
tlon for &nbi&t trenyd rnonltorlnl 

shows three types of potentia 
sources for contamlnants, namely 
dlrect disposal olwaates. themi- 
ofbyproducts of rnanufacturlngpr+ 
ceses orland use-r+dopemtto~ 
(road salting for instance].' and 
release potential ofproductsdurfng , 

Storage. tlTUlSpOrt or dlstributlon ... 
Theconlact relationship to theenvi- 
ronment In general or to ground- ' 

water nowsystems In particular- .. 
kopen,  restrictcdorisolated. In the 
caseofvaluablerawmaterlals (crude 
oils) or products. every lncentlve IS - 
glven to limit wastage and spillage ,. 
by Isolatlon In pipelines or tanks. , 
Release to the envlronment is only . 

and blosphere. 
In plannlng. municlpal wastedts 

p o d  facility sites are selected on 
the basls of geologic and hydrologic 
studles. Monltoringsystemsarepart 
ofthe planningand Installation pro- 
cess. In case urtdeslrable sltuatlons 

be taken. Basically these are qulte 
similar to accidental spllls along 
extended 1inearroutes.whema hlgh 
degree of detalled SI te planning and 
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ng to valldate 
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iction was based. 

Initlation of a m  psepara 
nonttoring for lltlgetlon or o 
xgulatory actlvities. 
3therobJectlves maybe dctermi 
md added w the l e d  sltuati 
m t s .  



'I . nsmatlatlon of.monitoring systems 
5 economidy impractical. By con- 
. ~ ~ ~ t . ~ o c a l l z e d  isolationand storage 
facilities go through the same or an 
wen more mtricttveenvironmenM 
Ilannlngand monitmlngdsignpm 

tIiai soild a t e  disposal S l t a  
iticlpate and counteract awl- 8 ntal releases or spills 

antamtncmt Prowgation fn 
;hallow Aquifer sySk€?m 

In h e  with the previous discus- 
;ion about design and operation Of 
1 monitoring system.one must first 
jetermine the nature of the propa- 
!ation mechanlsmand evaluate the 
Jhysical properties of the release 
:nvtronment in order to plot the 
J e t  strategy for field monitorlng 
md related informatlon-gathering 
?roc-. 
,ontcmrinant P I o p J ~ 0 n  
Mechanism 

' b o  basic propagatlon mecha- 
nisms exist 

Water solubic contaminants: 
Thisls thecaseforallleachatesgen- 
erated from landfills which by den- 
nition are water soluble. although 
they may contaln some ol l  and 
qre,ase. stockpiles of soluble mated- 
hi (roadsalts)oraquroussoiuUons 
larnmonia. ilquld ferillzers. etc.). 

vertical cmsa section through .̂  ontaminatlon case is given in 
Figure 3. Four separate zones are 
distinguished. 

Zone 1 determines the surface 
configuntlon of the spill or the 
leached body. Liquid spills are gov- 
erned by the local topography and 
migrate toward depressions that 
dowaccumulationofthesplll mate- 
rial. For leaching solids. the engtneer- 
tng and layout of the site and its 
reiatlon to the surfaceddnagewill 
determine where infiltration will 
take place. The mal extent and 
shape of Zone 1 determines the sur- 
face from whlch infiltration wlil 
occur and how much the COntaml- 
nant will be spread. 

Zone 11 IS .the soil zone. whlch ~ 

mayormaynotbefdydeveloped. It 
presents certain characteristics 
such as htgh retention capacity for 
the aqueous solution. adsorption 
and exchange capacity for SPeCiflc 
ions. and the possibilityofbiological 
activity as a potential mitigating 
process. 

Zone IiIrepresentstheMdo%or 
saturatedzonewhere thesolutlon 
retaned by capillarity to neld 

capacity and where some adsorption 
ofcontaminants to thesolld surface 
OCCUTS. Depth to the water table 01 
thickness of the vadose zone. area! 

SATURATED F k W  ZONE VVrr: \VAlER TABLE 

CF: C A P I L U R Y  FRINGi ... 
Figure 3. Subsurface propagation of a wcrter.solUbi0 contamhant. 

VADOSE 20NE. l a \  

V W T  : \VAI iR  TABLE GROUNDWATER R O W  
CF: CAPlLlARY FRINGE 

Flgure 4. Subdace propagcrtion of a nonmlrdblo contaminant 

extent ofthespill asdeflned inzone 
I and antecedent soil moisture and 
specific retention determine the 
volumeofcontaminant solution that 
can be held temporarily. If the spill 
volume exceeds this amount. the 
excess volume will enter the satur- 
ated zone and the ground-water 
flow field. In' the case of soluble 
materlals.each subsequent predpi- 
tation and infiltration event will 
displace the dissolved contaminant 
retained by capillary movement 
downward. Changes in chemical 
environmental condltlons such as 
pH or Eh may remobilize adsorbed 
contaminants. In a humid climate. 
all of thesolutewillevcntuallyreach 
the ground-water body. 

Zone Wis  theground-water flow 
kid.  AS the dissolved contaminant 
leaves thevadosezone by downward 
vertical movement, it enters the 
caplllaryfringeand then theground- 
water body. Under actlve flow it is 
transported latedly.The process at 
theinterfacebetweenZoneIIIand W 
is a slmple entmhment of the con- 

- 
stltuents which.onm havingentered 
the ground-wates flow System. are 
dispersed and diluted. A certain 
amount of adsorption on the grain 
surfaces can take place. This is the 
zone of the most active movement 
and potentially the one where the . 
largest volume of ground water may 
be contaminated. It 19 therefom of 
utmost importance to detennlne 
ground-water flow d l ~ t i o n s  and 
velocitle~ and the dlSptCSlOA C h a r -  
acteristica of the aquifer materials. 

Water insofubk orlowsoaubility 
contaminants. Hydrocarbons and 
other organics belong in this cate- 
gory. T h e  are the materials com- 
monly released in pipeline breaks, 
tankcar nipturesand reservoir tank 
comosion. Although "oil and water 
do not mix" a small amount does 
dlssolve into the water. in general. 
the amount dissolved is in direct 
proportion to the substance's vola- 
tility. Muttlphase flow phenomena 
eastwhere immiscibliityconditions 
pmaJl. Miscible or solutlon Ilow 
takes place where soiubllitgl condl- 
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0 MONITORING WELL 
INSTALIATION SEQUENCE 

D1' 2; E. 

~ . O O S E R V A I I O N  BOREHOE 

Figure 5. Drilling pattern cwund a spill silo. 

tions prevall and both cul exist at 
the same time. The mechanism of 
spreading is shown in Figure 4 
where five different zonesare distln- 
gulshed. someof them directly over- 
lapping with the different zones of 
the soluble case in the previous 

Zone I is the above-ground and 
surface zone where leaked or pro- 
JectedoilmnsoffandcokCtsinsur- 
face depressions. thus forming the 
area from which infiltration takes I 
place. This area depends on the local 
topography. the amount spilled and 
the conditlonsof release or emption. 

Zone II is the soil pronie. From 
Zone 1 the oil starts infiltrating into 
the subsurface via the organic soil 
layer. if such a layer is present. This 
zone is characterized by its high 
organic content and high moisture 
content due to soil structure. If the 
soil is oleophilic. it has a much 
higher oil retention capacity than 
the underlying nonorganic deposits. 

Zone Ill is thevadoseor unsatur- 
ated zone. This is the most impor- 
tant zone for oil retention. Water 
saturatcs the pore space only parti- 
ally and ranges in value from zero to 
field capacity. 0ii.as the nonwettlng 
phase, moves downward under the 
forcesofgrawty.Atnrst it movesas 
a more or less continuous phase or 
"oil body," displacing excess water 
from the larger pores. When all Oil 
has infiltrated from the surface the 
"oil body" will move downward by 
translation. but small amounts of 
oil wlii be left behind the trailing 

m GWMRiWnter 1982 

ngUre. 
0 

0 

:nd. trappedasinsulardisconnected 
iroplets. The oil body continues to 
now in adisintegrated fahion until 
III of the oil is trapped in the pore 
spaces of the vadose zone. i f  its total 
retention capacityexceeds the infil- 
intedspillvolume.Anyoil inexcess 
31 this total retention capacity 
reaches the groundwater body and 
spreads on the water table through 
the capillary fringe. 

Zone IV is the captllary fringe 
which is partially water-saturated. 
dlrectlyconnected with the ground- 
water bodyvertically. but discontin- 
uous laterally. When excess oil 
reachesthiszoneitwillspreadlater- 
ally under its own hydrostatic pres- 
sure and form a lens on the water 
table. The spreading will come to a 
halt when the hydrostatic forces in 
the oil phase are counter-balanced 
by the capillary forces at the outer 
edges of the spreading oil lens. This 
movement Is governed by the phe. 
nomena of relative permeabilitie~ 
and multi-phase flow in porous 
media 

Iftheporousmedium is homoge 
neous and isotropic and the watei 
table horizontal. then the oil len: 
would be perfectly circular arounc 
the center of infiltration. In mos 
realistic cases the water table has i 
slope which gives rise to an eiiipti 
callyelongated lensextendingin thl 
direction of flow. The shape of thi: 
lens dependson the water-tablegra 
dicnt. ground-water flow velocltle: 
thecaplliayproperties of the multi 
phase flow system. and the shap 

md o d n t a t b n  of the original 
ration ar*a 

ZoneVis theground-Gterbody 
doat hydrocarbon compounds In a:. 
piu arelighwtfnanwater and t h e  
ore tend to float on the water table: 
Jnder the hydrostatic hmd of tht. 
antinuous otl column. an actual 
iepression and penetration of the 
!round-water M y  below the water 
able occurs. This inwr td  mound..# 
K1U dissipate as the owdying oil 
Iody spreads la tedy .  Thepene 
:ion and.subsequent retactionmay 
muit inleaving trappedinsularoll 5 

xhindln  the ground-water body.. 
rhemost important featuaofzone:s 
Ir in the emplacement st.age.is the:$# 
roemation of an interface betwen 
the bottom of the oil lens and the- 
rree flowing ground water. it is at:-., 
ihis interface that smaU but si@ 
nlncant amounts of hydromrbon. 
compounds go into solullon with.. 
the water and are spread by 
tive and dispersive tra 
mechanisms. 

The twozonesofgreatest impor- -; 
tance in spill propagatlon are the -8.. 

retention zone in the vadose zone . 
and the dispersion zone in the.- , 

ground-water now zone. The reten- :.I 
tion zone determines how much of - 
thecontaminantwill reach theshal- c i '  
lowground-waterbodyad how fast ,.: 
it will move;hence determining how i i l  
much timeisa~lableforcorrective .! 
action. The dispersion zone deter- . 
minesthelargestareathecontami-:; 
nantplumewiUoccupy. thedirectlon 
and intensity of migration and the:.-> 
ultimate persistence of pollution. '-5 

Physical properties of tfle 
Release Envimnment 

"lie hydmlogicparametersnffes-.. 
sary to evaluate the subsurfaee 
spreading of the contaminant are&i 
retention capacity of the nziteri&+@ 
in themdosezone. hydraulicand 
tlvity and t h e  dispersivity and; 
adsorption capacity of the ground- 
water flow zone. In the present d 
cussion and aIS0 for the examples 
cited below. it is assumed that 
aquifermaterl~areunconsoiidatcd ;@ 
andgranular,suchasglacialora(lu~, 
Wal deposits. 

Indirect informationabout these .. 
panmeters can most readily be ex- 
tracted from analysis and interpre-& 
tation of grain size distributions of-$: 
the porous materials. A prei iminq-q 
assessment should becarriedoutin ;,id 
the field-more precise relation- 
ships have to be established in the- 
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laboratory. '33 FieldasscssmenkThe two ' y p e s q  
of samples available are grab sam- 
piffi(from thesurfaceorfrom trench-& _ '  
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ng operations) and borehole sam- 
)les (when drilling Is carried out). 
rht grab samples wlll innlnly glve 
nformatlon as to Infiltration capa- 
.Itynnd charactertstlcs of t h e w d m  

.whereas the borehole samples a glve Informatlon about the 
lydrologlc chamcteristlcs at and 
war thewater tableand In thesatur- 
ited zone. The lithology and repre- 
aitative (average1 gmtn slze. sort- 
ng and homogenelty of the near 
. idace materials Is found from 
hese samples. 

Further fleld lnspectlon of the 
opographlc surface.'thepreYence of 
dandlng water. and the extent of 
vetlandsor openwaterMie?.allow 
lrst approximate statements about 
nfiltratlon upacltles and subsur- 
ace permeablllties. This type of In- 
brmatlon serves as the bash to 
p l d e  a more Intensive sampling 
'xogram. 

If the splll Involve$ the hydrocar- 
J O ~  products. their presencecan be 
detected elther visually or by smell. 
4 preliminaty Idea about the extent 
d t h e  subsurface Inflltratloncanbe 
&lined by a physlcal Inspection of 
the area 

Laboratory measurements: 
Measurementsorgraln stzeanddls- 
t iutlon aUowa morepm1se.albelt 

rect estlmate,ofthecharacterls- QI of the porous medla Graln slze 
alrcdyses can be carrled out npldly 
torstimate pemeabllitlmand hydro- 
logic conductlvltles vla the ICrum- 
bein and Monk (1943) equation. 
They also can be used to estimate 
retentloncapaclty. Foroll retention 
into originally dry solls. Convery 
( 1979) hasestabllshedanemplrical 
equation In close analogy to the 
Krumbeln and Monk procedure: 

PR = 6.33 (MCmm)075 &Jxl3'% 
where PR primary oll retentlon 
hlCinm mean gmtn SIX In mm 
og graphlc standard devlatlon 

This equatlon Is valid for a mnge Or 
mean graln slzes belween 0.5 mm 
and 0.177 mm. 

A more site-speeinc but tedlous 
procedure for obhlning speciflc or 
pimary retentlon of oll or water IS 
through dralnage experiments In 
columnspackedwlth representatlve 
materials from the site or borehole 
slinplcs The disadvantage of thls 
rneth+ Is that I t  I s  very Ume con- 

ning.especiallyforvery fine grain R es. to the polnt where I t  becomes 
I~iappllcableasan lnformatlon base 
for rapid dc-Aslons. Furthermore. 
properlydesigned experiments often 
II& muchl~erMlurnesofmateri-  
sls than explontion br ings  wlll 

;leld. Centrifuge methods hawbeen 
kveloped (Eames. 1981 1 that allow 
an order of magnltudc wtlmate of 
retention under vaious condltlons 
O f  Inltlnl d U ~ t l 0 1 1  Wth a S m d  
sample and w!thln only a day or 50 
of lab work. 

Olsperslvlty measurements on 
packed columns In the laboratory 
have relatlvely llttle lnformatlon 
value slnce. In general. field cccfll- 
dents oldlsperslvltym oneor two 
orders of rnagnltude greater than 
laboratory coemcients. '1x1s IS due 
to the preponderance of Inhomo- 
peneltiesand preferrntlal flow paths 
In the field sltuatlon. Laboratory 
expertments are useful only when 
adsorption rates are to be deter- 
mined because the contamlnant 
sees the m e  surfaces In the lab 
and the field. Experiments arc time 
mnsumlng.Theirvaluels tomnu6 
rateorexplaln tnnsportphenomena 
In the later phases of splll propaga- 
tlon.Itlsmorelrnportant toget field 
data by lnstalllng an appropriate net- 
work of monltorfng wells. These are 
also necessary to detemlne dlrec- 
tlon and veloclh/ of groundwater 
flow. 

Sbategy of Field MonitorLng 
and Information 
Gatharing Procedures 

Operations dealing wlth 'field 
monitoring procedures merge and 
become Inseparable from the Infor- 
matlon gathering phase forsystems 
behavior. The strategy now Is to 
maximize the infonnatlon content 
for both. The objectives for the com- 
blned phaseare to assess thephysl- 
cal sltuatlon and the dynamlcs of 
thesystemand to obtain thls infor- 
mation wlth the least but stlll ade- 
quate number of observation points 
or wells. all of whlch potentlally 
could serve as monltoring wells In 
the later. moreslngle purpose monl- 
toring phase. 

preliminary information base: 
The general steps are: 

Rapid prellminarysurwy-Its 
obJectlves are to obtaln an overview 
of surface dralnage and ground- 
water dralnage condltions. and of 
theextent and shapeofthesumclal 
contamlnant sourceand Its relatlon 
to the dralnagesyjtem. lnformatlon 
for thls survey Is most easlly 
obtalned from topographlc maps. 
Ground-waterdralnage pat terns can 
br,estlmatededrom theslopemdposl- 
tlonofthe topographlcsurface.Estl- 
mates are based on the hypothesis 
that the water table Is a subdued 
repllca of the topographlc surface 
and that the positlon and elemtlon 
ofwatercourses orwaterbodlesare 
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gmund-water outcrops. Water-led - * f: 
surveys of newby wells may also 
glvean Inltl~ldcaoffiowdl~tlone. 
Grab samples of soil matmlals a n  
be taken to asmw the lnnltmtion 
characteristics 

At the same time a number of 
unmntaminated suriaoe-watersm- 
ples and suppIy-vid samples far 
enough away from the splU site 
should be taken and analyrcd for 
the principal contamlnanl Thh is 
to establlsh a base of neutral back- 
gmund dataThispRiiminary lnfor- 
matlonseervestodmlgnthelnforma- 
tlon/monitoiingwell nehvorkhyout 

Intermediate and permanent 
observation palnts: The drilling of 
observation borehoks has as ~ts 
maln obJectlws. first toobtaln Infor- 
mation through borrholesampltng. 
and second to actually instal1 moni- 
torlng weus. 

In the tlrst phase three wells 
haw tobedrilled lnatrlangularpat- 
tern to determlnegmund-waterflow 
direction and hydraulic gradients 
near the contamlnant slte by the 
'well trtangulatlon method. One of, 
the wells should be located far 
enoughupstmamoftheslte toserve 
asanuncuntamlnated control point 
The other two will be downstream 
.7~indlnt~lonFlgu~5.Slnoearrur- 
atelevelshave tobeestabllshedand 
since a t  least one of the wells will 
remainapermanentcontml.normal 
Screen and caslng lnstallatlons. ln- 
cludlng proper surface scals. 'are 
needed. 

The nextphaseconslsboflomt- 
ing wells directly downstream on 
the flow line passlng underneath 
the site of heavlest su r f&conW-  
natlon orwheregreatcstinftltrattorl 
lsassumed.1ftherearesevtral- 
of concentration. more than one 
such flow llne has to be deslgnated 
On each flow llne a t  least hvo obser- 
Mtionwellsshouldbedrllled.oneas 
close as possible to the extending 
plume, the other one at some dis- 
tance downstream In unrnn-I- 
Mted materials. Thus the actual 
flow veloclty of the contarmnant and 
its pmpagatlon in the fleld can be 
found by measuring trawl tlmes of 
mntaminantbetween thetwoobser- 
mtlon points. In addltlon at least 
hvo wells If not two sets of wells 
shoulcl be constructed a t  right 
angles to the center flowline. Thls Is 
to obtah an Idea about the lateral 
spRadlngolthecontamlnamt in the 
ground-water flow fleld. These 
observation points must be located 
as close to the advancing plume as 
posslble wlthout being lnslde of It: 
othenvlse. unamblguous travel 
times cannot be establtshed. 
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The extent of dlrect subsurf& 
contamlnatlon can be determlned 
by n number of boreholes serving 
only as temporary observatlon 
points. They am tspecldly useful 

hen the contamlnant Is easlly a ognizableln thesollsamplefmm 
the borehole lspllt spoon or balled 
sample), as for example hydrour- 
bonsand otherpungent lnorganlcs. 
If recognltlon on slght Is not that 
slmple. other rapld ndd methods to 
analyze for the contamlnant or an 
associated tracerbecomenemssary. 
Dependlng on thelr posltlon In the 
flow neld and Wth respect to the 
plume. a decision can be made 
whether to case the hok as a per- 
manent o h n a t i o n  well or not At 
least one well should be located In 
the a m  of hlgh conccntmtlon In 
the center of the plume near the 
Innltrauon sltc but only extend to 
the deepest posltlon of the contaml- 
nant  I t s  objective Is to monltor the 
evoluttonofmntaminant mncentra- 
Uon In the splll area with time. 

The nrst-phascwvellowhlch were 
drilled outslde the area of d l m t  
contamlnatlon glw information 
about tlll or clay layers or other 
barriers In the vlclnltyof the splU It 
Isofutmost ImportancetoavotddrIJl- 

through these seals In s u b s -  
nt drilllng phases so as not to 

ovide easy pathways ofcrosscum- 
munlcatlon for the contamlnant to 
enter elther deeper aqulfers or por- 
tlons of the same aqulfer that were 
naturally Isolated from the lnnltra- 
Uon slte. 

The thlrd phase of drilllng deals 
Wth obtalnlngbetterresolutlon on 
the baslsof Informatlongathered In 

Ing monltoring wells In crltlcal or 
vulnerable locattons. 

For the wells constructed In the 
second and thlrd phases. then- 
syy 1 n f o m t l o n  should be avallable 
to declde at what depth the Intake 
should be or whether or not multl- 
level sampling would be deslnble. 
Thls Is of speclal Interest If the 
contaminant solution Is of hlgher 
density than the ground water. 

Toward the end of the thlrd 
phase. It maybe nemsary to Install 
a nurnberofwamfng wells upstrum 
of critlcal areas such as domestic or 
munlclpal supply wells. Although 
these wells may not neoessarlly be 
In a locatlon that would be of the 

lghest monitoring emclency for or he overall system, they serve as 
addltlonal safeguards. 

The sol1 and aqulfer materials 
that need to be studled for thelr 
hydrologlc chamcteristlcs are bore- 
hole samples from the vadose zone 
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thenrst hv0phasksa1dwithl-t- 

it. 
iearthesltcoflnnltntionandsam- 
des from the yet-uncontamlnated 

3etermlneretenUon chamcteristlcs 
m the bask of graln slze MdpiS 
mdrrntrlfugeutperlments,Thesw- 
md samples need only be taken In 
the saturated zone for poroslty and 
vmneablllty determlnatlons by 
graln-slze analyslsorbypermeame- 
ter experiment Both m a s u m s  are 
Important to establlsh a material 
balance for a spill or Innhation 
mndltlon. Furthermore, the perme- 
abUlly-poroslty data can establish 
Independent esUmates of ground- 
water flow velocltles. 

The sol1 samples need to be ana- 
1 y . d  for traces of the lnnltratlon 
material In order to establlsh the 
mlume of aqulfer material contami- 
nated. The dlssolvcd-phe water 
samples have to be withdrawn fr6m 
the wells. Thls. however, deals wlth 
c%abllshlngtheextent ofthelmprrg- 
nation body and the plume at  the 
time ofernplacement These samples 
should be taken as won as posslble 
after the contamlnatlon lncldent 
has occurred. 

The true monltortng phase 
beglns after the bask lnfopatlon 
about t h e m a n d  the hydrogmloglc 
parameten have been at least parti- 
ally completed. I t s  obJectlves am to 
follow the ewluUon and fate of the 
contamlnant In the ground-water 
M y ,  to xm as an early warning 
sptem In case sensltlw areas are 
approached by the plume. to assess 
the effectlveness of cleanup and 
abatement operat1ons.and todeter- 
mine the final or closeout phase. 
after which no further adverse 
erects are expected from the Incl- 
dent and monltorlngopemtlonscan 
be termlnated. For certaln hazard- 
ous and toxlc WaSte sltes. monltor- 
Ing operatlonswill have tocontlnue 
lndeflnltely and no termlnatlon 
phase would be contemplated In 
that case. 

Monitorfngphase: The princlpal 
monitoring opentlon Is subdlvided 
into three phases. 

1. The nrst  phase Is concurrent 
wi th  thegeneral lnformatlon gather- 
ing proass and Is characterized by 
high-denslty and hlgh-frequency 
sampllng.AU posslblewellsareused 
for sampllng. all pertlnent parame- 
ters will be measured and samples 
will be analyzed for a large n u m k r  
of constltuents. Many envlron- 
mental parameters such as hydro- 
rneteorologlc and climatologlc data 
will be gathered. The maln obJectlve 
IS to rapidly mognlze trends and 
general dlrectlons In order to more 
effectlvelydeslgn the nextandmore 

mns.rn1e flrst aomplcs Rn used to 
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system dynamlcs 1s formulated, k j q  
comblnatlon of the theoretla cG,j 
assessment of the network layaut, i' 
and operational procedures. ~ p ~ 1 ~ ~ . . ~ ~  
cation ofstatlstlcspemlts theestab,,.:~ 
llshment ofconndencelimits. minl-.7:,.c 
mum numberofobsenmtionpD~n~.,~~~ 
In the system and number of *,*. 

The spatial levd of resolution .+;; 
n u m b e r o f m o n l t o r i n g \ ~ l l s d ~ ~ . .  r, 
on the preponderant mechanism of -:,, 
contamlnant propagatlon. From a.4.,-+ 

protectlon point of vlew. it &.,.;+ 
depends on the magnitude of the,--' 
expected Impact and the I l l e l l h ~  .;,:, 
of I t s  occurrence. 

The flnt level of observatlon and 
analyslsslmply follows theevolution. 
of the spreadlng pollutton plume 
Thls serves to veri@ whether the 
system actually behaves the way it 
ha5beenassnmed.Inamorefonnal- 
ked and analytical context, results 
from thls monitoring phase can be 
used lo dldate.  verify and callbnte 
formalcomputerslrnulatlon models 
of contamlnant transport and to 
adjustthesemodelstothereatndi- 
donshycurve-matchlngproceduler . 

Bascdon thlslnformaUon.abate- 
ment and cleanup' p m d u r e s  cran . . 
be chosen among dlfferent altcma- - 
tiws.The monitoringprocessserves.--: 
to Indicate whether the r e m & l a l . ~ ~ ~  
actlons are In the right dlrectlon :,;. 
howefTectlve theyamand howclose 
the system performance comes to 
meetlng predetermined orstatutory 2 

7: standards. 
3. Long-term and nnal monltor- <;$ 

Ingphase.Withrespecttotlmehorl--~~ 
.zons. the monitoring system opera-.,?: 
tor maybe Interested IndaUy.weew 1. 
or monthly averages. or he may , 

follow events on a seasonal baslsor:!i, 
on an event-by-ewnt basls. Thelatter 2!, 
deals with total reactance of the.+; 
system'to a preclpitatlon and Innl--1.' 
tsatlon event whlch manlfests Itself .4: 

In water-level fluctuations In the. :: 
well hydrograph and In concentra- ., 

tlon fluctuatlondue todllutlon.dls- A 

placement or rernoblllzatlon of .'. 
retalned or adsorbed phase con- 'ii tamlnants. .. 

At thfspolntdeclslonsaremade 
regarding which monltoring wells-,; 
should opente In the long-term or -.$ 
final phase of monltorlng and at 
what levels the entlre monItorlng..$ 
and survelll&ce operattons u n  be%$ 

ceptsand empirical datapim!ba,*-:2 ..*. 

.. - ples to be taken. .- 

..-. 
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terminated. It Is &ncelvable that 
thisproce~smaybcstaagemdovera 
relatively long perlcd of tlme with 
some key wells operating on a quar- 
terlyorseml-annualbisand llnnlly 

y one or two wells being checked (w a yeaily or longer intend. This 
phase should also look into the last 
legoftherehabllltatlonand~tora- 
tlon phase. namely the removal from 
servlce of the monltorlng nehvork 
when i ts  purpose has been send. 

Materialsand procedures Inall 
ihree of these phascs. proper atten- 
tion to selection of materials. instal- 
latlonand opentlonofthemonltor- 
ing network has to be given. 

The materlals such as well cas- 
Ings. screens, valves. conduits. etc. 
have to be compatible wlth the 
nature of the contaminant. They 
should not adsorb to or react with 
the surfaces they encounter. nor 
should the surfaces release mm- 
pounds that would interfere with 
the analysis or directly change the 
conctntratlons measured. 

The sampling method also 
should take Intoaccount the nature 
of the contaminant and the condi- 
Uons at the sampllngpoint Vacuum 
methods and contact with the free 
atmosphereshould beavoided when 

le material Is highly volatile. Gas 
pumps shouldoperatewlth inert e ases if any maction with the mn- 

Lmlnant or with the solute Is ex- 
pected. Environmental condltlons 
repnsentatiwof thesampling point 
environment should be mafntalned 
to giw thesame solubilityconditions 
lest pretlpitation. concentratlon or 
evaporation occur. In the case of 
twephasemnditlonssuch asa float- 
ing layer of hydrocarbons o n  the 
water surface in a well. care has to 
k taken to either measure It sepa- 
rately or to obtain an undisturbed 
sample using a bottom sampling 
device. Simple pumping in thlscase 
only draws in supernatant oll from 
around the well and the sample may 
over-repmnt the actual free oil 
phaseand thedisolwrl phasewhich 
may have been Increased by turbu- 
.lent mixing in the well bore. 

All materials. Instruments and 
sampling procedures should be 
grared to analytlcal methods used 
lortheflnalanalysisand thespecial 
volume. handllng and transpork%- 
tlon condltlons that fluasantee the 

, 
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Examples and 
Applications 

To amplify the hitherto more 
general dlscusslon. two ptactkal 
rases are presented. The first de& 
wi th  a pipelhie splll and falls into 

thecategoryofanaccldentalreIease 
ofapmduct froman isolatedenvimn- 
ment (see Ftgure 2). It basically has 
thesame randomcharacteristicsas 
accidents from ruptured railroad 
tank car8 or tank trucks. The dlffer- 
ence is that In batch transportation, 
spilled volumes are much smaller 
than those from a pipellne break. 
On the other hand, overland pipe- 
lines never carry hlghly toxic or 
extremely hazardous materials. as 
often is the case with tank trucks. 

The second case deals with con- 
tamination from statlonary sources 
where ignoranctabout otistingcon- 
ditlons at the time of contamlpmt 
detectlon Introduce an element of 
chance. to treat them as quasi- 
accidents. 

Monitoring a Pipeline Spill ~ 

The following describes the mon- 
itoring and Information gathering 
processes after a plpellne spill In 
north-central Minnesota. About 
10,000 bbl of crude oil had been 
released byflow,eruptionandspray 
Into the environment. The slte is 
typical for the glaclated terrain of 
central hlinnesota Specifically. the 
spill is located near the margin of a 
small ouhvash plain with moraine 
deposlts. 

Immediate response and site 
in~ntory:lheflrststeps Inmanag- 
lng the splU were to eltmlnate any 
hazardous conditlons. stop the flow 
and contaln the spill. Thereafter a 
detailed small-scale topographic 
map of the area was established by 
professional surveyors. On this map, 
the areal extent of heavy oil concen- 
tration that had accumulated in 
depressions. intermediate concen- 
trations along flow paths. and light 
concentration in the sprayed or 
dusted portions was Indicated. The 
map served further to exactly locate 
future boring and well posltlons 
with respect to the pipeline and 
established benchmarks. 

Immediately. eight observation 
borlngs were drilled to outline the 
areasofheaviest oil infiltntion.Wlth- 
In these.shallow collection trenches 
were dug and the inseeplng crude 
was recovered by pumplng. 

The general position of the slte 
with respect to lakes, ponds and 
surface dralnage courses as well as 
the slope of the land surface gave 
prellminq indlcaiions about ex- 
pected ground-waterflowdirections. 
At firstq hvo observation well trian- 
gles were installed around the two 
most contaminated sites. one right 
at the rupture, the other near a 
depression into whlch a large 
amount of 011 had dralned and 

collected. 
Watersamples were taken imme- 

dla te lyaf te r ins ton  forana@iis. 
mater levels were measured, and the 
ai titudes of the top of the vmll wsings 
were surveyed. On the basls of this 
Information. tentative flow dim- 
Uons could be established. It was 
decided to flll in the network with 
more wells in order to draw equipo- 
tential lines ofwater-tableelevation 
and to construct a flow net for the 
spill areaThiswasdone'becauseof 
the large extent of the alTected area 

Also. in. the very beginning. 35 
samplesofsurfacewaterwere taken 
around the area but sumcientiy far 
away so that no contamination by 
spray from the spill could be 
assumed. Thls was done to obtain a 
suite of background water quallty 
samples.Thearea haspeatby+and 
orher possible sources 'of organic 
materials that mlghtgive hlgh read- 
ings of organics. Of the 35 samples 
taken.eachshowed that thworgan- 
ics of concern were below detection 
limits. 

Twenty-51% boreholes were 
drilled. and 15 were installed as 
monitoring wells. Drill-site location 
and thedecisiontouse theboreholes 
as monitoring wells were made in 
Increnientalsteps,baPadon thennd- 
ing of the previous two or three 
brings. 

During the design phase for well 
installation. recovery by pumping 
proceeded and about 6.500 bbls of 
oil were ultimately recovered. V i s d  
inspectlon of thecollectlon trenches 
seemed to indlcate that theoil seep 
age was mostlycontmlled by Inhomo- 
geneltiesofthesoil materials, which 
offered preferred and restrlcted 
paths of migration. and also pro- 
vided the opportunity for some lat- 
eral movements In the vadose zone. 

Boring samples ranged from to- 
tauy oil-saturated to only a few per- 
cent saturation. In many cases. a 
low concentratlon layer mlght be 
located between an upperand lower 
highly saturated layer. confirming 
the role of heterogeneitia in 011 
migration. Graln size analysis by 
sieving showed the genemy sandy 
materials to range behveen medium- 
coarse to flne sands with hydraulic 
conductivities rangingfrom IC: 1 0 4  
to K m/sec. 

Hydraulic gradients wem'estab 
lished from theflownet.Grad1ent.s 
weretyplcalforthls typeoftenain. 
a h t i t  17 It. permlle or 3.33 x 10.3, 
Darry fluxes of q behveen 3.3 x 
I O 7  and 3.3 x m / m .  and 
actual wlocltle assumingaporoo 
ityorabout0.3ofv i . l x io - ' t o  
1.1 x 10 m/sec were calculated, 
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- '  ThPsefiguresanofimportancein 
, determining spreading and dis- 

persionsince thedegreeofmMng 
dependson theactual flow velocily 
in the pores. 

As PIEtstic-baSCd p i p  and W- 
materials may interact with 

d/or adsorb organic mntami- 
nants,onlysteelpipwasused for 
well casing. Some hydrocarbons 
from the coating on the st?J cas- 
ing must have bled into the well 
water and  contaminated early 
samples. even though they were 
well cleaned. Subsequently. only 
galvanized pipe was used. and all 
of the existing wells were steam- 
cleaned in the field. 

Sampling and monitoring 
phase: In most wells. the water 
table was below the vacuum-lift 
range. No sophisticated sampling 
devices for smalldiameter wells 
were on the market a t  the time. so 
a somewhat simplistic bailing 
method was used. If a floating 
layer or sheen of free-oil phase 
exists on the water surface in the 
well. repeated dippingof theballer 
leads one to overestimate the 
amount of free oil in the well.Also. 
by mechanically mixing this sur- 
face layer into the bulk of the 

ple. higher dissolved oil con- 
entrations thanareactually pres- 

K i n  the undisturbed aquifer 
may appear. Concentrations are 
reportedasmeawred,butbecause 
of the above-mentioned situation. 
they may be higher than actual 
concentrations. 

The State Pollution Control 
AgenSyrequiredgravfmetricdeter- 
mination of freon-soluble oil and 
grease byscpamtoryfunnelextrac- 
(1011 (Sloret No. 00556). The rveiis 
were sampled frequently in the 
beginning and with longer inter- 
vals subsequently. Most of the 
samples showed values around 
the lower end of the detection 
mnge of this method, approxi- 
mateiy5 mg/i.Theprecisionofthe 
method Isalsolowest here. Plusor 
minus 1 mg/i in this range repre- 
sents a relative error of about 20 
prnmt.Throiigh sfat ls t id  andy: 
sisand manipulation. the informa- 
tion content of the results .was 
improved.The resultsofthe statis- 
tical evaluation wereused to iden- 
tify wells with problem concentra- 
tions. to separate the dynamic 
ffectsfrom randomelTects,and to G lect the most critical wells for 

tlic extended monitoring phase. 
The first criterion for selection Is 
the avengr concentralJon for all 
sainples in agivenwell.Anyrdues 
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o f ' 5  to 6 ppm or &low were con- 
sidered noncritical. Values be- 
tween 6 and 10 ppm indicate an 
htemediate concentration deter- 
mined with low but  adequate 
precision, values of 20 ppm and 
above clearly indicate contamina- 
tion.Inordertoranlc thewellsina 
semi-quantitative way.a"problem 
index" (Ip) was developed. It con- 
sists of the product of the mean. 
the variability. and the maximum 
ratio. ' f ie  latter is the highest 
value in a series divided by the 
mean to normalize it. Values clus- 
tered around indicesof l-2and up 
to 10 (control). around 10 to 15 
(borderline), and above 50 (criti- 
cal).Thisbemme thebaseofselect- 
ing the ultimate sampling network 
of control, borderline and critical 
wells. In some cases. Wilcoxon 
W-statistics la ranking procedure) 
were used to clarily borderline 
cases using control-well d a h  and 
data from suspected contaminated 
wells. 

Oil retention studies of the 
average soil material from the site 
were concurrently carried out to 
calculate the  total retention 
capacity of the vadose zone be- 
neath thesite. For the final analy- 
sis, centrifuge data of specific oil 
retention were used for balance 
calculations. Penetration of free 
oil phase to the water table was 
possible only through prefemd 
channelsor underextrcmely heavy 
surface concentrations which 
meant thatonlyaminimalamount 
of crude could have reached the 
ground-water system. No free oil 
on thewater table wasdetected in 
observation wells except directly 
beneath the most concentrated 
spill sites. 

Abatement procedures parallel 
the monitoring phase. Free oil 
spray was burnt off the vegetative 
surface: 10 percent to 20 percent 
oftheoil had evaporated and about 
10.000 cubic yards of oil-contami- 
natedsoil wereexcavated from the 
sites that monitoring operations 
had indicated wereespeciallycrlti- 
cal. The excavated material was 
spread over 15 acres. fertllized 
andcultivated topermit rapidbac- 
terial decompositlon. 

Oil and grease readings have 
been deciiningsteadiiy. The num- 
ber of wells monitored has been 
reduced to half. and frequencles 
now are at a quarterly interval and 
should soon be terminated. 

Re-regulation Land Disposal 
Sites 

Site inventories: The state of 

Minnesota especially tile 3t'&1&.: '1 . ,- 

Minneapolis mehpl t tanarea  
have potential problems with 
taniinant release from pn-  
tion or unregulated (Illegal 
disposal sites.The prublem 
especfallyobvious when 
opment reaches Into 
unanticipated problems. 

Sites giving rise to problems :& 
mnge from those wh 
and contained materid are known. 
bur for which no specii$ h ~ o i o g i c  
data exists to clandestine or  illegal 
disposal operations of actually haz- , 
adouswastes InbehveenUe awhole 

: 

. 

range of other cOmbinatSOns of .L 
known locations but unknown . G. 

materials. unknown or forgotten :A 

sites, approximate lwations' wth 
some vague ideas about the input. 
ctc. Many flll operations have also 
operated as burning dumps so that 
the character of the input has  dras- 
ticallychanged. 

Common toaU ofthesesituations 
is the lack of information about 
their hydrogeologic and envimn- 
mental impact.When a pmblemsur- 
faces. usuallybycontamination ofa 
drinking water supply. then all of 
the same methodologyused in acci- 
dental spill monitoring h y  to be 
deployed.Thls has thedisadvantage 
that little time is avaliable for pian- 
nlngand making mtlonaldc~isions. 
The main objectives are to protect 
the water supply. to identify the 
source and type of contaminant 
and then to pian development of 
alternative supply sources or the 
abatement and removal of the con- 
tamination source. Operations are 
usually costly. can often not be 
assessed to the responsible party* 
and stir public opinion 

In order to address theproblem. 
the Minnesota Pollution Control 
Agency (MPCA) has instigated an 
open dump site inventory in com- 
pliance with section 4005(b) of the 
Resource Conservation and Recov- 
ery Act. It identifled about 1.400 
sites outside and 120 in the metm- 
poiitan area In addition, the MFCA 
has established a task force that 
reacts immediately to reporting of 
contamlnants<and alsoactson state- 
\~lcieinformationaboutpastorpres- 
ent improperdisposal practices.The 
objectiveofthis Inventoryis todirect 
information gathering operations 
at thecriticalsitesso thatproblems 
maybeanticlpated.Themost impor- 
tant problemat thispointis to rank 
the known sites and to identify 
hose that nced Immedlate atten- 
tion. Thus. resources-andeffo 
hydrologic investigationsand moni- 
toring Installations would go  to^+ 
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those sites that most probably have 
or will develop crltlcal pollution 
problems. 

Development  of ranking 
teems: The hydrogeology group 
he Unlverslty of Mlnnesota Was 6 olved in establishing such cri- 

teria for metropolitan sltes. 
TheMFCAhasaranklngsptem 

based on federal guidelines from top 
to low priority Including those that 
are in complian-x with statutes and 
that probablywill notemitcontami- 
nation. The technical mnking IS 
according to degree of pollution 
potentlal. The system Is not apliclt 
enough from a technlcal pint of 
vlew to avoid ambigultles and sub- 
jectiveness of surveyors. 

The more evtenslve theoretlcal 
criteria that were evolvcd deal with: 
1. lnflltratlon and dlsperslon char- 
acteristics of the hydrogeologlc 
envlronment 

amund slte. 

soll. 

rated zone. 

Surface drainage pattern 

lnnltratlon characteristics of 

* Retention capacity of unsatu- 

a Depth to water table. - Groundwater flow patternand 
activity. lncludlng the existenoe of 

referred flow patterns such as in 
mctured or cavernous mcks. 

lntelaction pattern of surfact 
water bodies and ground water. 
2. Impact characteristics. 

Waste characterlstlcs 

hazardous. inert) 
- Nature of wastes (toxic. 

Volume and area covered - Solublllty characteristics 
Resldenm time slnce 

Human ceograuhv charac- 
emplacement 

teristlcs. 
Deem and nature of devel- 

opmentId%Jty, Le.. urbanlzedresl- 
dentlal. Industrial. farm. etc.1. 

* Land ownership as a mea. 
sure of ease to lnltlate response 
actlvltles (publlc. state. munlclpal 
private. e t d  

Relatlon of flow Dath tc 
ground water use (1ntensIt);ofwtth. 
dnwal and customers send. 

Relationofflowpath toenvl. 
ronrnenbly sensltlve areas. 

In all of these crlterla. It Is easy tc 
qualltatlvelylndlcate relatlveseverl 
ties: the deeper to the water table 
the better, the higher the retentlor ' capaclty the better. the lower tht 
to?tlclty and the lower the denslty o 
affected users the better, and so on 
However. I t  Isverydlffkult to 
unlformly appllcable numer id  vi4 
Lies to these sltuatlons. Even befon 

t reaches thls polnt. other dimcul- 
les due to insumclent lnformation 

The a n t  step In assttsslngpollu- 
Ion potentlal Is to obtain Informa- 
ion about the hydrogeolo&y of the 
site. Search ,of files. exlsting well 
ogs. and records In city and county 
:nylneers' o m m  are necessary to 
;et some background Information. 
3telnspectionandreference to t o p  
~mphlcmapsoITersomecluffabout 
potentlal infiltmtlon. groundwater 
flow dlrectlons. and the relatlon of 
the slte to surfacedralmge systems. 
Thls lsabout asfarasapmllmlnary 
survey can go. At most. three cate- 
$ories can be establlshed: 

Vlsual evldenac of poUutiOn'by 
leachate. 

Site wlthln or very near the 
saturated zone. 

SitenormaUyabovewaterta.Qle. 
Actual fleld work Is needed for more 
detail especlally slnce sltuation one. 
the intuitively mom offensive one. 
might have less Impact than an 
undetected severe condltlon under 
sltuatlon three. 

Determlnlng anything about 
waste volumes and thelr degree of 
toxlcltyorhud lsalmost Impossl- 
ble forpre-regulation landlills.where 
no logswemrequlred.Someinforma- 
tlon can be obtalned by lntenlews 
of resldents or former operators 
aboutposslblesourceforUlewastes 
and about the management pmc- 
tlces during actlve opentions. 

Another approach Is to recon- 
struct the industrial or commercial 
waste-genemtlng potentlal wlthln 
theareasewed whilethefacllltywds 
operatlng.Theassumptlonls thatlf 
no hazardous wastes weregenelated 
In the area It is unlikely that any 
largeamountsaretobefoundinthe 
dump slte. Informatlon about past 
lndustrlal actlvltles canbe obtained 
throughchambersofcerceand 
state agenctes deallng wlth eco- 
nornlc development and actlvlties. 

Human geography data are the 
easlest tocome by. Informatlon such 
as location of high denslty reslden. 
tlal areas. munlclpal groundwater 
wlthdrawal sltesand volumes. type$ 
of land use and degree of develop 
ment I s  relatlvely casy to obtaln 
Much Information can be gathered 
at the munlclpal orcocintylevel and 
In areas wlth effectlve reglond gov 
emment such as the Twin C l t k  
Metropolitan Councll. much o l  thk 
lnforrnatlon rnay already have beer 
collatedandput lntodlrcctlyusable 
form. 

Sample assessments of 25 slte 
In the metropolltan area resulted I r  

3hOW Up. 

asimpiinedandreducpdiistofwork 

.I 

ble rankingcrttuialhe Rwtgnmp 
eals wlth the actual knowledge of 
usplclon of hatardous wastes In 
h e s l t e . ~ l s 1 s a m i p l i f l e d i f m ~ ~  
cent control and gene& mainte- 
Lance have been lax. The next two 
;roup8 a n  almost equal In impor- 
ance for ranklng, but they are  
WWed accordlng to the amount 
Ir lnfomatlon available for each 
n d  I t s  rellablllty. The two m u p s  
M: a1 the hydrologic rnnd t t io~  a~ 
neasured by the three cakgortes: 
~osltlon near water table-above 
rater table indicated above.. and 
I) thebulkofthedemographicand 
lSer Inforhation that constitutes 
he severity of any potentid impact 
mm unexpected contaminant re- 
m. It Is on the basis oC thls 
nformation that rrsou~ee3 for more 
ietailed study. fleM Invcstiggttion 
md thedevelopmmt of monitoring 
iehvorksaround abandonedwask 
ilsposal sites should be aU&ed. 
h c e  the slte is studled In depth. 
ame of the cr i t ld  aspects may 
shift and. for example. it mlght be 
shown that the hydrogeologlc sltu- 
itlon creates a serious problem 
llthough theorlglnallnputinto the 
slte was less hazardous than in 
kher comparable sites. 

, 

3urnmaoy 
Accldental releases and unex- 

xcted detectlon of contaminants 
requlres an lmmedlate response to 
mitigateand eliminate the resultlng 
Dollution. Management decisions 
and subsequent responses have to 
be canled out rap1dly.Theinforma- 
t i o n p k  tostudyandpresentalter- 
natives for declslon-maklngand for 
themonltorlngpmess tunconcur- 
rentlyrather than sequentiallyasin 
planned and controlledcontainment 
md management schemes. There- 
fore.Itlsnecessarytoobtatnlnfonna- 
Uon rapidly and to maxtmiie its 
emciency by conjunctlve use be- 
hveen the different sectors of the 
management/decislon process For 
the monitoring phase, thls i s  done 
by Incremental collection of lnfor- 
mation. lrnmedlate evaluation and 
dynamic incorporatlon in the net- 
work deslgn process. 
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Reviews the  sequence. p u r p o k  highlights a n d  pitfalls of making ground-wofer quality assesimenfs. 

by k m e y  P. Popkin 

Introduction 
Ground-water quality assess- 

ments for hazardouswaste facilitiffi 
(impoundments. landfarms. land- 
fills) are prudent and IogicaUy man- 

The basics of 
such assessments havebeen prom- 
ulgated by the US. Environmental 
Protection Agency (US. EPAl in 
response to the Resource Conserva- 
tion and RecoveryAct [RCRAI. How- 
ever. many industrial clients are 
interested in more complete assess- 
ments because ofpotentialenviron- 
mental risks under criminal and 
civil liabilityand businesxontinu- 
ance practices. 

The long-term values of periodic 
assessments include: developing 
a groundwater quality data base; 
tracking changes in ground-water 
quality over time: providing the 
basis formodifying monitoring net- 
works: setting limits on potential 
liabditis, identi@ngacontaminant 
plume: suggesting remedial mea- 
sures: and complying with regula- 
tions. Preliminary assessments. 
completed after the initial water- 
quality samplingand testingevents. 
may lead to refining monitoring 
programs. A n n u a l a m e n t s  may 
lead to reducingorincreasingindus- 
trial andpublicconcernsorinitiat- 
ng remedial or cleanup activities. 

they may affirm benign or immi- 
nent conditions. 

This arLicle presentsguldelines 
for ground-water quality assess- 

of ground-water 

ments. It includesdiscussionofpm- 
gram planning. literature review, 
field investigation. office analysis. 
report preparation and client pre- 
sentation. It is based on ground- 
water monitoring and quality- 
assessment projects completed by 
the author for industrial clients in 
theGulfofMrxicocoastalplainover 
the past three year;. This article 
does not review the design or install- 
ation of monitoring wells or execu- 
tion of sampling and analysis plans 
as previously published issues of 
GWMR discuss these issues. A 
recent presentation by Popkin and 
James (1982) provides details of 
anomaly and statistical analyses as  
applied to ground-water quality 
assessments. 

Table 1 presents highlights of 
selected ground-water quality 
assessments recentry completed in 
the Gulf coastal plaln. The details 
and client names are not given to 
preserve confidentiality. The fifth 
example is a summary of 10 assess- 
ments which notes a conflict be- 
tween current regulations and 
rnonitoringpractices. The evamples 
illustrate the application of various 
assessment techniques discussed 
herein. 

Program Planning 

quality results. require careful 
plawing and experienced execu- 
tionThescoping and  schedule and 
cost estimating in the proposal 
Sta.$ may determine if the project 
will be approved, funded and 
initiated. 

The schedule and cost of a 
groundwater quality assessment 
will largely depenci on site access 
and hjdrogeologic conditions. In the 
Gulf Coast. the shallowest aquifer 
lies %ithin a few meters of the 
groundsurface insoilsorunconsol- 
idated sediments.?lpically.ground- 
water monitoring and quality- 
assessment projects in the Gulf 
Covt  require two to three months 
to complete. They cunentry cost 
beween 535.000 to $55.000. in- 
dudiM field. laboratory, officeactivi- 
tie. report preparation and client 
co@sulration 

Figure 1 shows the keysequen- 
tial elements of the ground-water 
qualily planning procffs. In some 
mxs. such as where significant 
ground-water contamination is 
a s d  or where public or agency 
concerns require. agency negotia- 
tion or notification may be appro- 
priate after client consultation. 

The planning process should 
indude an early oveniew of d 
plaming elements to ensure ade- I quate scope development cost and  

Successfulground-waterquality schedule- estimates. health and 
safttyforfield andlaboratoryactivi- 
tis. contingency and liability con- 

assessments, completed on sched- . 
ule. within budget and with high- 
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- r  ~ - - siderationsandquaYtyand tracking -. controls. Project  objective^ should 

be clearly and narrowly defined. 
dong with an appropriate scope. 
and ultimately. cost schedule and 
personnel requirements. The plan- 
ning document should be reviewed 

and senior hydrogeologist. with 
consultation of principal investi- 
gators and other key personnel. 

Insights developed during the 
- planning process will pay off at all 

later stages of the project. Critical 
decisions. such as selection of drill- 
ing, soil-testing and water-quality 
andytical senices. will benefit from 
careful planning. This is also the 
time to decide whether to conduct 
the project in phases or in total. 

0 .  bytheconsultant'sproject manager 

Figura 1. The plannjngprocess for 
ground-water pualiiy 
assessments 

I Review - I 
v 0 i Field - 

I Investigation 1 
V 

Laboratory 

V - 
Rcgram 

Reparotion 
v 

1 Client Consultation 1 
1 

Agency 
Negotiation 
Notification 

i 

Litercrture Review 
Reviewing the published liter- 

atureand clientdataisnearlyalwa>5 
required insuccessful project execu- 
tion. It is usually the least costly 
element of the project, This review 0 mayputlimitsontheextent,depth 
and location of required borings 
and monitoring wells. define the 
type and number of soil and water- 
qualityanalyses and identibpoten- 
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tial hydrogeologic 
contingencies.' The latter mav 
include the presence of fault;. 
multipleand pre-eulstingland uses. 
potential forrrveningground-water 
gradients. likelihood of variable 
background water quality and 
uncertain stratigraphy. 

The literature review also 
includes a review of the client's files. 
permits.as-builtdrngsand other 
datawhichdescribe thesite history, 
and land uses. processes and activi- 
ties and hazardous waste facilities. 
Activities a t  the site prior to the 
present faciliQshould alsobe noted 
because they may have affected 
ground-water quality. ^ .  

III general. contact with rep-. 
sentatives of the US. Army Corps of 
Engineers. the USGS. the Soil Con-. 
senation Sen4ce and appropriate 
stateagencie%can produce updated 
information on flooding: land use,- 
zeologv: ground-water use. .quali@. 
and gradient; soils and related 
information The Corps of Engi- 
neers. for eUample. has completed 
extensive borings for locks and 
dams and other stwctures; the 
Geological Survey monitors regional 
ground-water levels andpuali9; the 
Soil Conservation Service conducts 
county-wide and specialty soil sur- 
veys: state agencies often compile 
historical land use, geologic and 

Table 1. Highlights of 
Selected Ground-Water 
Quality Assessements 

1. A very large hazardous waste 
' storage impoundmentwas found 

to be the source of high levels of 
heavy metals and organic chemi- 
cals detected in shallow ground 
water in southeastern. coastal 
Louisiana Ground Water was 
found to be contaminated.in all 
directions from the impound- 
ment as a result of leachate 
mixing with nearby tidal and 
canal waters. Tidal variations 
and intermittent canal flows 
periodically reversed gradients. 
The site is an ore processing 
works. 

2. An abandoned solid waste landfiU 
was found not to be the source of 
highsalinity,sulfateand chloride 
levels detected in shallow ground 
waterin eastTeuas. Groundwater 
was'found to be contaminated 
from oilfield drilling and opera- 
tional activities, independent of 
the landfill. Hydraulic analysis 
and time-of-anid studies were 
used to eliminate superfluous 
monitoring wells. Frequency 
analysiswasused to identibfour 
on-site groundewater-quality 
classes. The site is a forested 
chemical dump. 

3. Twosolid waste treatment ponds 
were found to be the source of 
high salinity, sulfate and organic 
halogens levels detected in shal- 
low ground water downgradient 
of the ponds in coastal Texas. A 
nearby downgradient bayou. 
which was connected to a saline 
estuary. was found to be the 
source of salt contamination of 

-. . " . .... . _ -  .. . 

adjacent ground water. Anomaly 
analysis suggested four on-site 
ground-water-quality classes. 
The site is a refinery. 

4. TWO hazardous waste impound- 
mentsand alandfarmwere found 
not to be the source of refined 
petroleum products detected in 
shallow ground water in the 
Houston Ship Channel in coastal 
Texas. Ground water was found 
to becontaminated from leaking 
pipeline valves.continued suxface 
spills and unchecked practices 
which included dumping of 
product K s t e s  into obsenation 
wells. The imminent public 
hward was reduced by a shallow 
recovery system. The site is a 
refinery and tank farm 

5. Xme-of-anixal analyseswereper- 
formed afterground-water moni- 
toringnetworkswereinstalled at 
hazardous waste facilities in 10 
coastal sites. The analyses used 
hydrogeologicand hydraulic data 
collected during the installation 
acticities.The a n a J p  indicated 
that only three of the networks 
could be expected to detect hypc- 
thetical contamination originat- 
ing from the monitored facilities 
within 20 years. All of the net- 
works. however. were found to be 
in compliance\+ithcurrent state 
and federal regulations under 
RCR4 when installaed. The sites 
included refineries. petro- 
chemical and chemical plants, 
iron and metal works. chemical 
dumps and paper mills. 
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uater use inlormation for planning 
studies. Someofthereadilyavallable 
results of this workare unpublished. 
and are accessible bv a telephone 
call and a few well-directed 

Wtions. 
field Investigation 

Conducting the field investiga- 
tion is the most critical and costly 
element ofthe project It iswith this 
element that the consultant may 
have time delays and cost ovenuns 
from poor planning and coordina- 
tion, miscommunication and unco- 
operative weather. There is much to 
do in the field siting the borings: 
coordinatingwith the driller: devel- 
oping the wells: collecting soil and 
water samples: coordinating with 
the sun'eyoc conducting in-place 
permeability tests: keeping timely, 
accurateand completenotes onsub- 
contractor services and field data: 
making unanticipated decisions: 
communicatingwith numerous per- 
sonnel of various responsibilities. 

The field effort for monitoring 
and assessment projects is similar 
to geotechnical foundation projects 
which require subsurface borings. 
In addition. the former has these 
special requirements: 

0 tocation and development of 
appropriate numberof monitor- 

ing wells. upgradient and down- 
gradient of the hazardous waste 
facility. Iarge or multiple waste f a d -  
ities may require more than the 
minimal one-upgradient and three 
downgradient wells completed in 
the slidowest water-bearing mater- 
ial. It is crucial to locate the down- 
gradient wells close enough to the 
waste facility so as to intercept the 
travel oflikely facilitycontaminants 
during the period of sampling. 

0 Special Care should be taken 
during the logging of borings to 
describenot onlythelocationofsoil 
types.but the observable conditions 
ofsoilswhich mayaffectwater move- 
ment These conditions include the 
presence of fissures. dessication 
cracks. calcareous nodules. woody 
material and slickensides. Zones of 
lost water circulation or high water 
pressure should be noted 

Measurement of the depth to 
ground waterand to thewater level 
in the completed well [which may 
represent the water table or piezo- 

etricwatersurface). It is critical to w istinguish behveen the depth to 
water encountered in the boring as 
opposed to thedepth towater in the 
developed well.This may require dry 
auger drilling until ground water is 
encountered. 

c1 

Collection of undishdxd soil 
samplesforlaboratory tests ofvem- 
d permeabilityabove the encount- 
ered water. 

e In-place permeability tests for 
measuring horiqontai permeability 
in the shallowest water-bearing 
materials. 

Q So that the direction and 
q n i t u d e  of theshallowest ground- 
water gradient may be calculated. 
the following should be determined 
accurately: depth to water lelels in 
wells. elevations of water-IeveI 
measuring points and location of 
wells on a suitable-scale map. 

0 Field testing of groundwater 
qualitysamples for specific conduct- ' 
ance.pHand temperatureshould be 
made. Nearby canals. reservoirs, 
runoffstorageareas. bayous.creeks. 
rivers and bays should also be . 
sampled and tested. 

e Careful well development well 
evacuation and appropriate \r-ater- 
quality sampling and laboratory 
analytical procedures. including 
sample preparation, chain-of- 
custody and timely analysis. Split 
samples for water-quality andysis 
are an important quai&-control 
measure. 

Laboratory Testhg 
Laboratory tests are performed 

on soil and watersampies for assess- 
ments. Soil samples are tested for 
classification. testure. permeability, 
porosity and to establish strati- 
graphic  relationships. Water 
samples are tested for priority pol- 
lutants. interim drinking water 
parameters and miscellaneous. site- 
or process-specific indicators. In 
complicated hydrogeochemical sit- 
uations. it may be necessary to 
analyze formajoranionsand cations 
and other elements to help dassify 
water quality and identify migra- 
tion. Testing procedures are gen- 
e d y  standardized. 

Care should be taken to f d y  
saturate soil samples for laboratory 
permeability tests. and to apply 
appropriate in-place consolidation 
pressure related to sample depth. 
, It is also important to collect 
adequate samplevolumes. and make 
correct sample preparation. The 
IaboratoT should report,its actual 
results to detectable analytical 
limits. not just to "less than" a 
specific drinking water standard. 

Office Analysis 
The omce analysis is generally 

performed by a project or senior 
hydrogeologist in coordination with 
key staff engineers. It consists of 

molihucting the mathematical and 
heuristic analyses of data provided 
from the literature review. field 
investigationand laboratory testing. 
In smaller projects. the office analy- 
sis is performed whenpreparingthe 
report In larger projects. an office 
analysis may be performed and 
documented at  the end of key liter- 
ature. field and testing results 

Products of .the office analysis 
include numerical restatement of 
historic and regional wateg levels 
gradients. stratigraphy. aquifer 
properties. grpund-water condi- 
tions. water and land use. Quantifi- 
cation of flooding, tidal phen- 
omenon, river history. faulting and 
land subsidence may be imporiant 

In a preliminvy assessment, 
specific order-of-magnitudehydrau- 
lic analyses should be made More 
detailed assessments will generally 
require computer modeling and 
more complex analyss  not dis- 
cussed in this paper. 

tions are made to define the direc- 
tion and magnitude of the ground- 
water gradientA hydraulic time-of- 
travelanalysisofa hypothetidcon- 
senative (nonreactive) contaminant 
is performed as this contaminant 
seeps vertically from the naste facil- 
i ty in to theshallowest ground wate?. 
then horizontally within thewater- 
bearing materials (Table 2). This 
hydraulic analysis utilizes Darcyk 
Law,with theeffectiveporosityterm 
(Freeze and Cherry 1979, US. EPA 
,19821. Fried (19751 and Freezeand 
Cherry I19791 present analytical 
methods which account for disper- 
sion and attenuation. 

Site-specific ground-\sater qual- 
ity data are analyzed to dassify 
water types. identify a n o d e s  and 
perform statistical tests of signifi- 
cance. Water classifications are 
generally based on major anions 
and cations. Anomaly analyses are 
performed by planar mapping and 
mechanical contouring of isochem 
values [Bishop 19601. Statistical 
tests include the mandated Stu- 
dent's t-test and. ifat l e t  10 data 
points areamhble. frequencyanaly- 
sis. Note that if laboratory reports 
data as "< x" where X I s  a data 
\due, useW2 for<Xwhen calcula- 
ting the mean value of the data set 
(Texas Department of Water 
Resources 1982). 

Student's t-test analJsis Is dis- 
cussed in general statistical texts 
(BenjaminandComeU 1970.Dkon 
and Massey ,1957) and applied to 
ground-water assessments (Rovers 
and McBean 1981. Zar 1982). 

Site-specific hydraulic calcula- , 
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Popkin and James (1982) recent& 
presented a review of the method. 
Because the method is well known. 
it is not discussed further here 

Though frequency andYSiS is 
not specified by the US. EPA (19821. 
It IS applicable to ground-water 
quality assessments for data 
reduction. water-class (type) deflni- 
tion.anomalyanalysisand contami- 
nant-source identification (Popkin 
and James 19821. Table 1 provides 
some relevant examples of its appli- 

Frequencyandysis isapowerful 
andytical tool. familiar to all engl- 
neers who have calculated recur- 
rence intervals for storms. floods 
and other hydrologic phenomena 
(Wdton 1970). kequency of occur- 
rence [F. percent1 is calculated from 
m (magnitude of occurrence where 
m is unityfor thelargest datavalup 
andrangesconsezutively1yas integers 
from unity to nl and n (number of 
datavaluedbytheequationF= (mx 
100)/(n+l). 

The parameter F.is agood esti- 
mate ofdata frequency distribution 
when the sample size In) is largc A 
minimum value of n is 10 for the 
distribution to be meaningful In 
making the calculations. consider - that equal data values will have 
different consecutive values of m '0 andF.and thevalueofn is constant 
for agiven frequencyandpis prob- 
lem Values of F versus data values 
are plotted on logarithmic normal- 
probability paper, where F is the 
frequenfy-scale abscissa. and the 

-- data value is the logarithmic scale 
ordinate Abest-fitting straight line 
isdrawn OnthtplotofFversusdata 
values. Points which fall on or near 
the straight line comprise a normal 
distribution andrepresent asimilar 
systemorclass.Pointswhichfallfar 
from the straight line comprise a 
dissimilarpopUlatton, or are deviant 
from the normally distributed data 

If the fitted line accounts for 
.most of the plotted points. a good 
estimate of the population fre- 
quency of data occurrence is found 
directly from the fitted line: the 50.0- 
percent frequency estimates .the 
average population value, and the 
15.9-percent and 84.1-percent fre- 
quencies estimateastandard devia- 
tion above and below the average 
IDLvon and Massey 1957. Benjamin 
and Cornell 1970). 

cj' 

0 

- cation. 

'0 Report Reparation 
The report is the final product of 

the ground-water quality assess- 
ment. and should be clear and 
comprehensive It should provide 
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heclient with definitiveand useful 
nformatlon. draw conclusions 
vhich can be substantiated and 

where 
q = average linear velocity, m/s 
K =  hydraulic conductivity. d s  
I = hydraulic gradient dimensionless 
p = effective porosity, dimensionless 

. 

The report shea includesupport- 
ive evidence and summarize, if not 
detail. all data call&& during the 

Note that all Lariables are %th respect to the same d k c t i o n  and  the .. 
equations are for water-soluble consermtive contadnants  in nondis- 
persiveandnonattenuativeporousm~iaflow,AguideforKandp~uesis 
shown below (Davis 19691. Freeze and Cherry(19791 note thatanisotropy 
In unconsolidated deposits is primarilycaud by the orientation of day 
minerals. They state that the ratio of horizontal to vrrtical hydraulic 
conductivity of core samples of clays is usually less t han  31. and m l y  
greater than 101, The ratio for gravels and sands is usudlyless than 2:l. 

Unconwlidated Hvdraulic Conductivitq 
Deposits d s .  K WdaY Porosity. p 
Gravel 10310 1 102 to 105 025 to 0.40 
Clean sand 1 0 6  to 10-2 10" to 103 025 to 0.50 

107 10 1 0 3  10-2 to 102 0.30 to 0.50 Silty W d  
Silt. loess 10-9 to 10'1 10'to10 . O~StoO.50 
Clay 1043 to 109 108 to 104 0.40 to 0.70 

'Freeze and Cherry 1979. p. 71. 
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Table3isanoutlineforagmund- 

*: water quality assessment report 
The items include the body and 
appendices of a typical assessment 
Care should be taken in consistent 
terminology, units, abbrebiations. 
balance and emphasis in writing ’ reports. The draft and final reports 

. should be read thoroughly at least 
once by the project manager and 
senior hydrogeologist 

“Introduction” should include 
- the background. contract and pro- 

posal citation, and objectives of the 
assessment Abbreviations for the 
client and facility to be used 
throughout the report should be 
included in this section. 

”Setting”should include regional 
and local description ofgeographic 
matters, such as climate. rainfall, 
flooding. runoff and drainage, atti- 
tude.land useandagriculturalsoils. 
surface geology, topography and 
other factors. 

“Facility Description“ should 
locate the site on a regional map - - [first figure). describe the site 
features. land use, chemical pro- 

. cessesandwastestorage. treatment 
and disposal activities.This section 
should include information onland 
surface elevations. local drainage 
and slopes. It is important to de- 
scribe the geometry of the waste 

the as-built ele- 
vation of the base of the facilities, 
description ofany liners and operat- 
ing procedures. 

”Regional Hydrogeology and 
Ground-Water Quality” should 
include a discussion of the major 
aquifers. their usage. stratigraphy, 
ground-water conditions-gradient 
directions,and magnitudes. eleva- 
tion of the ground-water surface. An 
indication of regionalground-water 
quality and related issues. such as 
seawaterintrusionand oilfield brine 
disposal practices should be made. 

“Site Hydrogeology and Ground- 
Water Quality” should provide loca- 
tions of borings and piezometers 
(second figure). and include discuss- 
ions of the site stratigraphy, sub- 
surface profiles (additional figures) 
and shallowest water-bearing soils. 
shallow ground-water conditions- 
gradient directions and magnitude 
elevation of water table or piezo- 
metric surface should be covered in 
detail. This section should also 
include a description of local 
ground-water quality. with signifi- 
cant anomdlies and frequencies, 
and seasonal fluctuations noted. 

“Assffsment” should combine 
the hydraulic analysis of the site 
hydrogeology. and the anomaly 

. 

’ 
.. 

analysis of hypothetical leachate 2 
reasonable picture of the.potential 
forcontaminant migration from the 
waste facilityfromseepageandhori- 
zontal movement through and o f f  
the site should be produced. Immi- 
nent and potential ground-water 
quality risks to the public must be 
identified. 

“Recommendations“ should E- 
fine thequalityofthe hydraulicand 
water-qualityanalysis and evaluate 
the synthesis of hydrogeologic and 
momalyanalpis. andwork towards 
statistical significance if needed. 
Recommendations should suggest 
remedialaction and closure ifappro- 
priate Recommendations shouldbe 
presented inana tudand support- 
ive way. so that the client is logically 
drawn toward them 

“Figures” should includeavicin- 
itymap.asitep1anwith boringand- 
monitoring well locations. one or 
hvo subsurface profiles, and a local 
geohydrologic column at a mini- 
mum.Thesitep1anshouldshowthe 
location of the subsurface profiles. 
and the direction and magnitude of 
the gradient. I f  ground-water 
anomalies are clearly present addi- 
tional figures may highlight this 
through anomaly maps which over- 
extend thesizeofanomaliesbecause 
ofsparseand distant control points. 

“References” should include all 
cited literature. the consultant‘s 
and client’s file5,conversationswith 
agency personnel and client reports 
Confidential reports completed.for 
other clients with nearby facilities 
should not be explicitly cited. 

“Appendices” should include 
field exploration and soil laboratory 
testing. ground-water monitoring 
network. ground-water sampling 
and analpis plans and analyses of 
ground-water samples. Specific 
tables. such as logs of .borings. 
summary of ground-water-level 
measurements. well completion 
data. soil laboratory tests, field 
waterquality analyses. laboratory 
water-quality a n a l p s  and chain of 
custody records are appropriate. 
Personnel involved and procedures 
utilized in the various phases of the 
project should be identified. 
Examples include notations such 
as ”water levels were measured with 
a steel tape by ._ .”; “elevations were 
determined with a topographic sur- 
vey by . . .”: “field measurements 
were made with a conductivity 
meter. pH meter and thermometer 
by.. .” etc. Data should be reported 
to significant figures. Basic data 
collected during the investigation 
must be provided so that the client 

an perform an independent 
4 m e n t  

. 

The draft and final reDorts 
.hould be thoroughly review& for 
ecirnical acccuracy and editorial 
:onsistency. Reports should be 
;hecked for n u m e r i d  citation and 
ypgraphical errors, as well as tone. 
nvsistency. emphasis and logic A 
ioorly written report will erode 
db i l i t y ,  diminish futureopportu- 
lities and cause later expense and 
:mbarrassment. 

Xent hesentdon 
The client. should generally be 

;ivm 2 draft final report to review. 
f i e  client may correct any facility 
e1a:ed or proceduralenorj thatthe 
:orsuItant may make though the 
:orsul+t must make this draft a s  
dear and accurate as possible 

It is geneI-dy.more vivid and 
:orquently more effective for the 
?orsultant to’ review the report in 
hephpical presence of the client. 
IXis presents an opportunity to 
rducace and le-. to profitably 
%xd!angevfewpnintsmd todevelop 
neFwork It is also an opportunity 
:o appear disorganized. inariiculate 
~ n t :  to incorrectly interpret sparse 
3araThe consultantshould befuUy 
p r q a r r  to malie thepresentation. 
Md should makepracticepresenta- 
tions to a critical staff~who have not 
tvo..ked on the project 

The consultant should be pre- 
p + ~  tomakespecific recomnenda- 
tions for modi@in& expanding or 
continuing ground-water monitor- 
inspmgrams. Peripheral consulting 
seivices, such as data-base manage 
ment quarterly report preparation 
and agency negotiations should be 
oEered if appropriate The consult- 
ant should anticipate questions 
t b t  ~e client might ask 

Special care must be talien in 
qncynegotiation and notificatfon. 
m e  consultant has a professional 
res7onsibility to  inform the client if 
&ent practicesviolate pubEcpolicy, 
buitheclient‘sinformaUon is confi- 
dential In notifying agencies, only 
the required data should sup- 
plied. ,In negotiating with agencies 
on behalf of clients. the consultant 
mitbeforthrightandyetrepresent 
the interesk of the client Notifica- 
tion and negotiation are special 
SWS which all consultants must 
dd\ate.Theconsultant mustlearn 
tojudge what is too much and what 
is :oo little in these matters 
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such person shall he 'imprisoned, un- 
less the sentence he sooner terminated 
by commutation or pardon by the Gov- 
ernor of the State." * * * 

Section 2940 of the California Penal 
Code provides as follows: 

"Where the Adult Authority is autho 
rized to f ix  and refix the term of im- 
prisonment of a prisoner, such prison- 
er shall be discharged .from custody 
upon the completion of said teim so 
fixed or refixed * * "." (Empha- 
sis added) 

Since Cal. Penal Code 8 2940 recognizes 
that sentences may he "fised and re- 
fixed" it is clear that a sentence, once 
fixed, eould be refixed and the term of 
imprisonment lengthened for any 
amount of time up to the maximum pre- 
scribed by law. 

The basic premise of petition- 
er's argument-that his sentences for 
the robbery and kidnapping convictions 
were permanently determined at eight 
years-is incorrect. As Sturm v. Cali- 
.fornia Adult Authority, 395 F.Zd 446, 
448 (9th Cir. 1967) teaches,. 

"* * * all indeterminate sentences 
are f o r  the maximum, and any deter- 
mination by the Adult Authority is 
only tentative." 

When the Adult Authority  reduces -a 
maximum sentence,-& action is only 
tentative and may be cknged whenever 
good cause. is shown. Petitioner has no 
vested right to have the term of impris- 
onment which he is serving fixed o r  re- 
main fixed at less than the maximum 
term prescribed by law. In Re Smith, 
33 Cal.2d '797, 804, 205 P.2d 662 (1949). 

Petitioner cites In Re Beasfey, 2.56 
Cal.App.2d 721, 64 Ca1:Rptr. 540 (1967) 
to  support his contention, but that case 
is clearly distinguishable from the case 
at bar since in Beasley the origiitnlly set 
term had already expired when the 
Adult Authority reset the sentence. The 
principle of the Beasley case is stnted as 
follows : 

"Section 2940 of the Pcnal Code re- 
'quiies that a prisoner be discharged 
on completion of his term as fixed or 

[2,3] 

. .. . - ..". _. . -. . + ji.. 
541. 

~ . In  the instant case, tine. redzterriS~~y>.. 
of petitioner's senteace :was well +*-+:7sj. 
the originally set :em, which a&?;.. 
have lasted until 1966. The  parole.^^&?" 
revoked, and the seztence. was met.+:+ 
December 16, 1963. Thus it -is ,&&<: 
that neither the BmsEey rationa!e:=T;:,i 
the statutory Iznguage compel ~ r t r k -  
cause the issgance cf a writ of b~k&?.. 
corpus. s 

For the foregoinz reasons. xzi. 3.. . 
clearly appearing rxt an e v i d e z ~ - ~ ~ ' : : :  
hearing is not requicd, this Coun E&.: 
that petitioner is rot entitled to. -' 

...22;. relief. 
Therefore, it is h~re3y  ordered **-... 

the Petition for Writ of Hzbbeas. C J . ~ . , , . .  

. .  

. .. 4. 

- _  .- 
-.-.. ,. 

." 
he, and the same is,,dznied. 

~ &;-+$: 
- . '.c.$F*;, . 

r i 



REED v. ANGLO S C A " A V m  CORPORATION 3 1  
CitensSDE F.Supp. 310 (1969) -~~ :nn.~ier of "a substantial part of 

i- J..rz!,.rf' and was subject to Cali- 
, .~ .  ,i b31k . transfer provisions, and 
., !xrrc ,m no statutory notice giv- 
1:- ,, I :FJitors, the transfer was void 
, , ~ : . ~  (..,~;fornia law and voidable by 
..;..=.. :n binkruptcy. 

;! :;on granted. 

: 3 r.r:,!lilt.nt Conveyances -47 
;!.,pr purpose of bulk transfer stat- 

; : .. : :iliurd merchant's creditors an 
, , - : A y  to satisfy their claims be- 
i :: - ..:ih:mt can transfer his assets to  

I ,  -> f i t !?  purchaser and vanish a-ith :. -..!+ vf the sale. West's Ann.Cal. 
j- s'..i.., $ 5  6105, 6107. 

: 5 A r u p t C Y  -175 
I r2uJtilt-nt Conveyances -47 

:.~:t i n  vicinity of 5 per cent of total 
' .-::..::' vas a transfer of "a substan- 

I .... ; ..r: . of the inventory" and was sub- 
?: !.* Cdifornia bulk transfer pro- 

8 * =.. and since there was no statutory 
:. : .. riwn to creditors, the transfer 
V I :  :.d under California law and void- 
s ' ~  ::# trustee in bankruptcy. Bankr. 
I-: : '714 sub. e( l ) ,  11 U.S.C.A. 5 110 
c 1 1  : West's Ann.Cal.Com.Code, $5  

<. .* iiitliliviitian words and phrases 
' di - r  judicial constructions and 
I iiii i i i i is. 

i :  L' 1. 31, 6105. 

_t_ - 
' ".:I:l5 JIcCarnpbell, Chico, Cal., JIiL ' '. J!:lSiVCll Sewmark, Lafayette, Cal., 

' 7 : Lintiff. 
:.'.,:%. Jackson &' Kennedy, Sacra- -_.. ..'. Cd., fo r  defendant. 

;\)IESDED NEhIORANDUhI 
AND ORDER 

!2!.:.'BRIDE, Chief Judge. 
^._ . - 

Is an Action under section 70e of 
''I hkruptcy  Act by the trustee to 
" ;! the bankrupt's prior transfer of 
.. . , -riy. 

' ' 2  .h? 7. 19G7, Dorothy Penny 'Han- 

. r'wer's Apparel and Ski Shop, sold 

' s . M m t t  iueoriectiy insist:; tlmt time 
'... '.:her issues of fact to he detcrnlined: 

.. . 

:. " herpinafter the debtor). proprietor 
' I  

* ' 

an assortment of skis ard ski boots to 
the defendant, Anglo Scadinavian Cor- 
poration. In the Fall of 1967 the debtor 
was adjudged bankrupt. The trustee 
now moves for summary judgment. The 
defendant opposes this on the ground 
that there are still issues of fact to be 
determined. 

Section 70e(l) of the Bankruptcy -4ct 
provides: , 

A transfer made orl  suffered or ob- 
ligation incurred by a dsbtor adjudged 
a bankrupt under this Act which, un- 
der any Federal or State law applica- 

. ble thereto, is fraudulent as against o r  
voidable for any other reason by any 
creditor of the debtor, having a claim 
provable under this Act, shall be null 
and void as against the irustee of such 
debtor. 

Plaintiff trustee here alkges that the 
sale of merchandise to defendant is roid. 
under the provisions of the Cali€ornia 
Commercial Code annulliog certain bulk, 
transfers. If the trustee can prove that. 
this was a "bulk transfer," void under 
California law, he will prevail in this 
action. 

California Commerciai Code 5 6105 
provides that a "bulk traEfer" is fraud- 
ulent and void against a y  creditor of 
the transferor unless the transferee 
gives the required statutory notice to 
creditors. A "bulk transfer'.' is "any 
transfer in bulk and not in the ordinary 
course of the transferor's business of a 
substantial part of the materials, sup- 
plies, merchandise, or other inventoq. 
* * * of an enterprise subject to t h i s  
division." [emphasis adEed] Cal.Com. 
Code, 8 6102(1) (West 1964).: Beinz a 
retail merchant, the debtor in this case 
was subject to the law. Cal.Com.Codc 
8 6102(3) (West 1964). 

A perusal of the memoranda. and af- 
fidavits of the parties discloses that 
there is no genuine disagreement as to 
any fact necessary for plaintiff's recov- 
ery except what proportiox of the total 
inventory was transfcrred." Plaintiff 

1.) Insolrmcy of ttic debtor at the  time 
(TTltile plcnded in the con- - of transfer. 

I 
i 

i 
1 
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sets the percentage a t  “approximately 
7.5 per cent.” Defendant offers to prove 
that the transfer was of “less than 5 

‘per cent” of the total inventory. The 
parties also disagree’about what consti- 
tutes ‘k substantial part of the inven- 
tory of an enterprise:’ under the bulk 
transfer law. Plaintiff argues that 
since, according to the debtor’s testi- 
mony, the transfer was of about 50 per 

“substantial pari’’ tu preserve prior 
ifornia law? I1 California as 
6.3 per cent,3 15 pet cent,4 
cent6 of the tob1 
held to constitee a “substantial pa*. 
ivithin the meai3ig 
cases6 also ill1A-te that the propeT.F: 
gross measure ;j tbe entire invent0q-Y. 
and no: as plai?&iB suggests: the p r o 2  
portion of the sEcific item transferM3.g . _  

-. .-. cent of the ski boot inventory, it was a It is undisputed that the purchase-$ 
price of the mechzndise transferred to :: 
defendant was S.j,<S9.64. I have con-+ 
eluded that plaix-lff is entitled to  sum-.i  

. .-?< mary judgment in this amount. 

transfer of “a substantial part of the in- 
ventoiy.” .Defendant rejoins that the 
proper measure is the percentage of the 
whole inventory of the enterprise not the 
percentage of the particular item trans- 

_. -- - 
_.i _.- ferred. 

con- 
struing the words **substantial part of 

ever, that to be !*substantiay the 
p o ~ i o n  transferred need not be 50 

the inventory.” It is indisputable, how- 

cent or even close to  50 per cent. 

While i t  .is tme that the total ~ 2 1 ~ 2 : ’ ~ .  

of the debtor’s ixeatxY at the time of :$ 
transfer (and thxs f i e  exact percentagr-r& 
which was t r a n s f e r r )  is still in’dispute,;e 
that does not p rxhde  summary judg-% 
ment in this case. In  the first place, it ..; 
is likely that t hen  d l  never be a more+ 

. .  
surprisingly, there are felv 

.. 

.. 
Uniform Commercial Code uses the accurate determirztion of the j- 
words “major part.” The California Secona\y, I have concluded that even tali- 
Commercial Code substituted the words ing the defendanys estimate-less than yz 

.hi 

plaint. it is superfluous-section 70e 
transfers need not be made during in- 
solvency to be voidable,) 2.) Whether 
the transfer was “in tlre ordinary course 
of business” since nllegedly customnry in 
the  tmde. (This contention was lnid to 
rest  by the 9th Circuit in Jubns Y. Snmp- 
seN.185 F2d 353, 334 (9th.Cir. 1950).) 

2. Bohn and Willinms. Cnlifornia Code 
Comment to Commerriol Code § E102 
(Nest 1964). 

3. JIarkrvell Br Co. v. Lynch, 114 F.2d 
3i3 (9tli Cir. 1040). 

4. Jubns v. Snrnpsell, 1% F.2d 333 (9th 
Cir. 1950). 

5. Schninman v. Dona, 21 F.2d 4i5 (9th 
Cir. 102S). 

6. Tlir: t h e e  ~iises cited .91:prU, notes 5-5. nrc 
tlic only ones I hnva found construing 
“substantial par t  of tile inventors." 

7. Comriion sense also iiidicntcs that ploin- 
t iffk susxestion cannot bc right. Accord- 
in? to his xiew if tlle debtor in this c i m  
hnd inatcnd sold her entira supply of 
Chap Stick, North s:is $20. that a o d d  be 

voidable ns a bulk t r d s f e r  even if the s k i  
shop’s total i n r e r m q  1x1s $100.000. T h e  
bulk transfer l a r  e!arlj- does not eon- 
template such n m u ! i  ’ 

8. Tlic unaudited Enmcial statements in 
tlie ,file indicnte t k t  3s of Dccember 
31, 1066, the biqins’as inmntory wns 
$137,000. For tl.? tn-month ,period cud- 
ing December 31 K!SG cost of goods 
sold nvernged $lCz.7W per mantlr. Pro- 
jected purchnseu i o r  the pcripd April 
1967 to Septembr 7OOi were $1?.6CO. 
Inventory an .hnrzl on >larch 31. 1066. 
was $S?,OOO. A.!rlmuzli not .necess:rr>- 
f o r  this decisiun. 2 rnsoilnblc projection 
of inventory as of X o y  7, 19% hnsud on 
thcsc figures. i n 6 h t . s  that pczging the 
trnnsfer a t  nhout 5 n a  cent oE iuventory 
is not unrcnsmnhk In nil nffidnvit Her- 
bert Rnlnt. ”110  so!d tlra store t o  tlw 
debtor i n  JInrclr l Z G  and bondit  i t  limb: 
nt the trustee’s d e  h Sorcmber 106;. 
estimntcs tlre inriator; at the time of 
triinsfer to he $ S O / W -  This Icd to phi1:- 
tiff‘s &tiin:m of i.5 pcr c w t .  I <In tint 
know I m v  defcndns; arrived ;kt i ts  figure. 
but I ani convince< tlint n trid would not 
pwcc~~tibly narrov tiir riinge of possi- 
bilitics. 



TRomc, mc. 

U h l m  STATES. 
E.D. U658; Reappraisement E6l/u21)% - 

:z:,.!j':hcir claims before the merchant 

_. -1. .,.,. :ind vanish with the proceeds . 
:i :i I. 5:llcp In Markwell v. Lynch, 
:-; r J ,  the court held that a transfer of 

United States Customs Court  
April 8,1969. 

nhere the amount of the transfer, 
:!. :.!i.t!.t, is sufficient to prejudice the 

price which manufacturer sold timers 
to its Swiss wholesalers was accounted 

?..I m iu to ry  notice given to creditors, 
:5 iI.;trrsfer is void under California 

;Ind VoidabIe by the trustee in 
!;i:::.riiptcy under section 70e of the 
ii.lnsruptcy Act. There being no fur- 
: b r  xenuine issue as to any material 
L.(. the plaintiff trustee is entitled to  
2 wimnry judgment. Fed.Rule of Civil 

11 is therefore ordered that plaintiffs, 
.1:.>:ion for  summary judgment be grant- 
nl xrd that judgment in this be 
r ' : h h l  for the plaintiff in the amount 
w' five thousand four hundred eighty- 2. CustomsDuties-59 ' ' ' 

1. Customs Duties -79 
.~ To prove market value of its mer- 

chandise as basis for further computa-- 
tions of export value, importer need only 
show by evidence ,that cer- 
tain price is price its is 
able to command in foreign market, and 
price need not he the same as that of 
other manufacturers of same or  similar 
merchandise. Tariff Aciof 1990, 5 402 
(b, d) as amended 19 U.S.C.A. $ 1401a' 
(b, d). 

which tends to cast doubt on genuineness 
.- . .. <..< >: 
" 
_I ... .. .. 
2.. i .,. ..' 
-, 

C+x roniment to tbe Uniform Corn- 
nwvial Cado). 

Io. Prom nn esnrninatian of the finnncinl 
rwwls in the filc, it can bo said tint 
:I bulk transfer of this size had a s i c  
l l i i i w t  effect on tl!c business's financinl 
I w i i l v .  So in  t l ~ a t  sense also it wpy a 
"*tht;ruti:\L~ transfer of assets. 

298 FSupp.-zoV~ 

I I. Future business transactions will not  
60 prejndiced by this Idd ing  i f  the t n n s -  
feror is on solid finnocinl groiird. The 
lnw does not prohibit an7 bulk rrar.fers. 
SQ louz ns thc p t w e r  notice is ziiren t o  
creditors. Cnl.Cvm.Code 5s 6105 F- ClOi 
(West 1DG1 &. Cumul:itive Supplement 
1966). Tlmt is not no inurdimte bur- 
dCD. 

12. Cal.Corn.Code $ 6105 (Wesi IOOL).. 
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Well diameter is one of the most important aspects of monitoring system design. 

by Marjory B. Rinaldo-Lee . ,  

Designing .an effective ground' accumula t ion ,  g round-wa te r  which must bewithdrawn. Alarge- 
water monitoring program and resource evaluation and ground- diameter well may be needed to 
usingpropergonitoring well design water contamination studies. The accommodate a submersible pump 
isamatterofconcernf?rbothregu-. approach used for each of these with a large enough capacity to 
latoryagenciesandprivateindustry. types ofstudies is quite different. allow a pump test to beconducted. 
Although many facto? must be con- Baselinedatastudiesareusually , , However, small-diameter wells are 
sidered when designing a ground- initiated to provide data on long- adequate for observation wells to 
water monitoring program, such as. term trendsorgeneral hydrogeoIogic . allow monitoring ofdrawclown and 
location of monitoring points and conditions inan areaForsomebase evaluationofpump tests.Thus.both 
the type of monitoring installation. line data investigations, long-term large- and small-diameter wells are 
welldiameter is one ofthe imuortant water-level fluctuations are o€inter- commonly used in ground-water 
parts o€.the monitoring instHuation 

' O d e s i s h i s  article, small-diameter - 
wellsareconsidered 2-inch diameter 
or smaller. Two-inch diameter was 
chosen as the upper limit for small- 
diameter wells for several reasons. 
First. the drilling methods used to 
install 2-inch or smaller wells are 
often different from those used to 
install wells with a larger diameter. 
Second.until quite recentlysubmer- 

j sible pumps were only available for 
i 3-inch or larger diameter wells. 

The factors which influence 
j choice of well diameter for a moni- 

toring program fall into two groups: 
! economic and technical. Although 

technical and economic factors will 
be discussed separately. they should 
be considered concurrentlv when 

i 

: 

.est. If the monitoring points are at 
remote locations, o r  continuous 
water-level readings are needed, 

.-automatic recorders maybe desired. 
Since largediameterwells canmore 
easily accommodate floats for auto- 
matic recorders they would be pre- 
ferred for. this type of investigation. 
However,ifthegoalofthestudyisto 
,define hydrogeologlcconditionsover 
abroadareawhere manywell points 
are needed, small-diameter wells 
may be preferred due to their com- 
parative. ease of installation and 
lower cost. Thus, depending on the 
specific needs of the investigation, 
either small- or large-diameterwells 
maybepreferred forabaselinestudy. 

Aground-water resource investi- 
gation is quitedifferentfromabase- 
line datastudv. These investiCations 

resource investigatioiis.. 
Monitoring requirements for 

g tound-wa te r  con tamina t ion  
studies are quite different from 
those for the preceding studies. 
Often many wells are needed in 
variousgeologicfonnatior~ to deter- 
mine the extent,of past ccintamina- 
tionorthe potential for contadnant 
migration.frornaproposed site. For 
g round-wa te r  con tamina t ion  
studies, small-diameter wells are 
often preferred.because they are less. 
expensiveand moresampling points 
can be installed for a fixed amount 
of available funds. Another reason 
for the use of small-diameter wells 
in contaminationstudies is thecom- 
parative ease ofsamplingfromsuch 
wells. 

Wells are normallv purged before 
- v  

designing a monitoring Gogram. 
Technical factors can influence the 
cost .of a program and conversely 
economic factors can influence the 
extent of the technical program. 

Technical Factors 
In designing any ground-water 

monitoringprogram. the first issue 
tobeaddressedis thepurposeofthe 
program. The designer must ascer- ' 

answered by the investigation. The 
three main purposes for ground- 
Water monitoring are baseline data 
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are usually k t ia ted  in response to a sampling in cont&iati& studies 
demandforasourceofwatersupply. to remove stagnant water from the 
Aground-water resource investiga- borehole and to ensure that the 
tioncould be initiated because water watersamp1eis.representative offor- 
is needed for drinking water. indus- mation water. The volume of water 
trial processes, agricultural activity which must be removed. from a 
or some other use, Alternatively, a small-diameter well is' much less 
resource investigation could also be. than that from alargediameterwell 
initiated to determine how to . becausethe volume increases with 
dewater an area for some activity the square of the .well .iadius. As 
requiringaloweredwatertable.such shown in Figure 1. there are 0.1'6 @ tain what questions are to be as construction or miriing.Apump gallons/ftofwaterinaZ-inchdiame- 
test is often needed for determining ter well and 1.47 gallons/ft ofwater 
both the amount of water available in a 6-inch diameter well. Because 
for use. or the amount of water purging a Well WpIireS removing 



(corn the to 10 volumes of water 
from the well casing. considerably 
mort' water must be removed from a 
G.illcf> diameter well than from a 
.2.inch diameter well. To purge 10 
v ~ l u i ~ ~ e s  ofwater from awell contain- 
ins IOfeetofwaterinthecasing. 16 

of water must be removed 
2-inch diameter well, .as 

opposed to 147 gallons of water 
rrom a 6-inch diameter well. 

.Another sampling consideration 
is obtaining a sufficient quantity of 
water from awell for analysis. Small- 
diameter wells have a much smaller 
volume of water per foot of length 
(Figure 1). However. for manysam- 
pling situations. one gallon of water 
is sufficient for a large number of 
analyses.Table 1 demonstrates that 
a G. 13-foot column of water in a 2- 
inrh diameter well produces one 
gallon of sample. while a 0.68-foot 
column of water produces a gallon 
of sample in a 6-inch-rvell. 

Athirdfactorwhich favorssmall- 
diameterwells forcprimpinant sam- 
pling,is the time of kicovery. Because 
the time ofrecoveqf is directlypro- 
portional to the well volume, the 
time forrecovery$lso increkeswith 
the square of thFwell diameter. For 
a given hydraulic conductivity, it 
takes less time fora small-diameter 
re11 to recover when a slug of water 
is removed W& for alarge-diameter \)Figure 2 illustrates the time of 
r ery for various diameter wells 
assumingagiven hydraulic conduc- 
tiiity.screen1ength andinstantane- 
ous lowering of the water surface in 
the well. Assuming a hydraulic con- 
ductivity of 0.028 ft/day (1 x 105 
cm:sec),screenlengthof 10 feetand 
an instantaneous lowering of the 
water table by 6 feet. it would take 
11-112 minutes fora2-inch diame- 
ter well to recover 5 feet. Twenty- 
three and a half minutes would be 
required for the same recovery in a 
3-inch diameterwell and42 minutes 
for the same recovery in a 4-inch 
diameter well. These recovery times 
*e important in contaminant sam- 
pling because unlike groundwater 
resource investigations. the forma-. 
tion being investigated for a con- 
tamination study may be fairly 
impermeable. If alarge-diameter well 
1s purged before sampling in a fine- 
grainedsoil,itmaytakemanyhours 
to recover. while a small-diameter 
weil will recover more quickly. 

Hydrogeologic conditions. also 
influence the choiceofwelldiameter. 

ogeologic conditions can gener- @J e divided into two categories: 
aquifer characteristics. and the 
ground-water regime. Aquifer char- 
acteristics include the formation 

p a r a m e t e r s  wh ich  inf luence 
ground-water movement such as 
hydraulic conductivity. Factors 
included under  ground-water 
regime include depth to thepotentio- 
metric surface, the nature of the 
aquifer (whether confined oruncon- 
fined) and the number of aquifers 
being investigated. All of these fac- 
tors influence the choice of well 
diameter. 

If the formation of interest has a 
low hydraulic conductivity, small- 
diameter wells are preferred for 
monitoring. Not only do small- 
diameterwells recover more quickly 
for water sampling. they stabilize 
more quickly after initial installa- 

2.5 

2.0 

1.5 

1.0 

0.5 

tion.1naclayformationwith alow 
hydraulic conductivity (3 x 10-*-3 x 
105ft/day),itcould takemonthsfor 
a4-inch diameter well to stabilize. 

Depth to thewater tablefromthe 
ground surface was once a limiting' 
factorin using small-diameterwells. 
Bailerswere theonlymeansforwith- 
drawingwater fromwellswhere the 
potentiometric surface was below 
the suction limit (about 25 feet). 
However,with theadventofavarieb 
of small-dlameter .submersible- 
pumps which fit inside 2-inch 
diameter wells and various air-lift 
.and positive displacement pumps 
for2-inchdiameteror 1-inch diame- 
ter wells, it is not necessary to use a 

I 
I 
I 
I 
/ 

/ 
/ 

/ 

/ J 

1 2 3 4 5 6 7 8  

W E L L  DIAMETER [ inches]  
FQwe 1 Volume 01 water m well c m g  

Table  1 
Comparison of Length of Well Casing 

Containing One Gallon of Water with Well Diameter . -  
Well Diameter (inches) 2 3 4 5 6  
Length of well casing needed to obtain 
1 gallon water (feet1 6.13 2.72 1.53 0.98 0.68 



%?ME REQUIRED FOR WELL RECOVERY WHEN SLUG OF 

WATER REMOVED 

WELL DIAMETER (INCHES1 . .e$? 
.a r ...- 

ASSUMPTIONS: K~=l~10*5cm/sec, well screen=lO', 10' of water 
,above screen, 6' of water instantaneously 
removed 

.. - 
Figure 2 nme requrred for well recoverywhen slug of water removed 

bailer to remove water from small- 
diameter wells. 

Depth to thepotentiometricsur- 
face may be a limiting factor in the 0 use of small-diameter wells where 
the water-tabksurface is very deep 
1i.e. several hundred. feet). In the,  
western US.. where aquifers maybe 
hundredsorthousands offeetdeep. 
a small-diameter well may not be 
desirable due to difficulties in well 
construction procedures and the 
increased probability of well casi-qg 
failure at depth. Although sampling 
devices have been developed forvery 
deep wells, it can still be difficult to 
sample deep small-diameter wells. 
Larger diameter wells may be pre- 
ferred in this situation. 

Another geologic consideration 
is the number of aquifers or levels 
within asingle aquiferbeing investi-. 
gated by the monitoring program. If 
multilevel sampling points are  
needed to monitorvarious aquifers, 
or various levels within one aquifer, 
small-diameter wells are generally 
preferred due to their low cost and 
ease of installation. 

Economic Factors 0 Along with technical factors, 
economic factors have a significant 
influence on the choice of well 
diameter. Funds for a ground-water 
investigation are generally limited 
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and it is always desirable to obtain 
the most information for the least 
cost. The economic factors which 
influence the cost ofinstallingmoni- 
toring wells include drilling cost, 
materials cost and labor cost 

DrilIing costs depend on the 
method of well installation and the 
drillingcontractor. Oneofthemeth- 
ods often used to install monitoring 
wells in unconsolidated deposits is 
the hollow-stem auger. Hollow-stem 
augers areused becausesoilsamples 
canbe takenduringdrillingand the 
monitoring well can be installed 
inside the hollow stem without col- 
lapseofthe borehole.However. a nor- 
mal hollow-stemaugerhasaninside 
diameter of only 2-1/4 to 3-3/4 
inches so it cannot be used effec- 
tively to install a wellwith a diameter 
of more than 2 inches. A larger 
hollow-stem auger with a 6-inch 
inside diameter can be used to 
install up to 4-inch diameter wells: 
but the cost of drilling using the 
larger hollow-stem augers is greater. 
The cost of drilling and obtaining 
soil samples is about $8/ft using a 
small-diameter hollow-stern auger 
compared to $17.50/ft for the large 
hollowstem auger [Table 2). Gener- 
ally. a water well contractor is more 
cost-effective to use for drilling a 4- 
inch or larger diameterwell than a 
geotechnical-soil contractor. Since 
most water well contractors are not 

equipped for soil sampling, if sqil. 
sampling were required to define- 
subsurface conditions, it might. 
require hiring both types of con. 
tractors. 

Drilling costs for a geotechnid. 
soils contractor to install wells in 
rock are generally higher than for 
drilling through unconsolidated 
deposits. The differential between 
drilling in rock and drilling in.  
unconsolidated deposits is much 
greater if rock samples are required. 
Coring to obtain rocksamples adds 
significantly to the cost of drilling, 
Rock coring by a geotechnical con- 
tractor is about $26/ft for a hole 
large enough for a 2-inch diameter 
well and $35/ft for a hole large 
enough for a &inch diameter well. 
Generally. aivater well contractoris 
morecost-effective to use for instal- 
ing large-diameter wells in rock for- 
mations. However, water well con- 
tractors are usually not equipped 
for rock coring. If this is~deemed 
necessary to the investigation pro- 
gram, two contractors may be 
required to install monitoringwells 
in rock formations. 

Laborand materialcosts arealso 
factors affecting choice of well 
diameter.We!linstallation,well devel- 
opment and well purging are all 
labor costs associated with a moni- 
toring program. Small-diameter 
wells are generally easier to install 
and therefore take less time. They 
also take less time to develop and 
purge since a smaller volume of 
water must be removed. Thus, labor 
costs are lower for small-diameter 
wells. Material costs are also lower 
for small-diameter wells (Table 2). 
The cost-per foot ofwell casing and. 
screen increases with welt diameter 
forbothPVCandstainlessstee1.the 
most common types of casing/ 
screen used in monitoring wells. 

When drilling costs, labor costs 
and materialcostsareall taken into 
c.onsideration, the total cost to 
install the same type of well. using 
different diarneterwellcasings. can 
be compared (Table 31. If a 50-foot 
PVC well is installed with a 10-foot 
WCwellscreen. the total installation 
cost in unconsolidated materials. 
including conventional standard 
split spoon sampling at intervals of 
5 feet, would be $1.200, or about 
$24/ft. The cost to install a compar- 
able 4-Inch diameter in the same 
unconsolidated material withstand- 
arcsamplingwould beabout $2.500 
orabout $50/ft. ormore than hviCe 
thecost for the 2-inchweU.The cost 
for installing a 2-inch diameter well 
after coring through rock would be 
about $2.600 or$52/ftThe increase 



ia cost sf installing a well as  the 
diameter of the well is increasedwill 
influence thedesign ofthemonitor- 
ins piogram. 

SUlnmCny 

influence monitoring well 

of the monitoring program, the 
hydrogeologic conditions and the 
economic constraints, both small- 
and large-diameter wells have 
advantages (Table 4). The advan- 
tages of small-diameter wells are: 
1) they stabilize quicklyin low per- 
meability formations: 2 )  they 
require removing only a small 
amount o f  water to purge them 
prior to sampling: 31 they develop 
more quickly; 41 they are generally 
more easily installed; and 51 the 
materials. labor and drilling costs 
are lower than for, large-diameter 
wells. 

There are ceKt$itln monitoring 
situations which may requirelarge- 
diameter wells. Pumping tists for 
ground-water resource evaluation 
mayrequirelarg$-diametebwells for 
the pumping well. Ground-water 
investigations iih verydeep aquifers 
may also require large-diameter 
wells. In addition, specialized mon- 
itoring needs 'such as automatic 

-level recorders or evaluation 
:@nedial measures for ground- 
water contamination studies may 
also necessitate the installation of 
large-diameter wells. 

In conclusion, small-diameter 
monitoring wells are economically 
advantageous because theycost less 
to install and less to maintain for 
long-term sampling purposes. More- 
over,theycanbeusedinthemajority 
of monitoring situations. However, 
large-diameter wells are still neces- 
sary for a pumping test and may 
also be needed in areas where the 
water table is very deep. 
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Table 2 
Comparison of A p p r a a t e  Cost for Drilling and 

Materials for Monitoring Wells 

Well Diameter 
Economic Factors 2-Inch 3-Inch &Inch 

Drilling Rock Coring $26.00 $26.00 $35.00 
CostIFt Hollow Stem Auger $ 8.00 $17.50 $17.50 
Materials Stainless Steel $11.00 $14.50 $20.00 
Cost/Ft W C  $ 2.50 $ 5.50 S 7.00 

Table 3 
Comparison of Cost to Install Monitoring Wells 

Geologic Type of Diameter of W C  Pipe 
Material Drilling 2-Inch 3-Inch 4-Inch 

Rock Coring $2,600 $3,800 $4.300 
Rock 

Rock Drilling $1,300 $2.400 $2,600 
Uncon- 
solidated Dnlling & Sampling $1.200 $2,200 $2,500 
Deposits Drilling $1,050 $2,100 $2.300 
Assumptions: Well depth = 50 ft., well screen = 10 ft. 

Well casing and screen are PVC 

Table 4 
Comparison of Advantages of 

Small- and Large-Diameter Wells 

Advantages oflarge-diameter wells 
* Accommodate large submersible 
pumps for pumping tests 
0 Accommodate automatic water 
level recorders easilv 

Advantages of small-diameter wells 
e Stabilize more quickly in low 
permeability formations 
e Lower labor costs due to easier 
installation. auicker develoDment 

very deep $ells dr other specialized 
monitoring requirements 

0 Lower materials Cost 
Lower drilling costs 

geologistfor Residuals Manage- 
ment Technology I c .  inMadison, 
Wisconsin, where s h e  was in- 
uolved with hydrogeologic inves- 
tigations and feasibiZity studies 

l o r  waste disposal sites. 
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SUMMARY 

The purpose of the monitoring program is to detect as early as possible any 

leakage from an underground hazardous material storage facility should one occur. To 

accomplish this, site-specific monitoring facilities are to be constructed adjacent t o  the 

storage facility and are to monitor either the first aquifer zone or t h e  immediate 

unsaturated zone beneath the storage facility, .depending upon the depth of the water .. 

table beneath the facility. 

This monitoring program as herein presented 'is one means to validate the storage 

facility performance and is to be used in conjunction with the Hazardous Materials 

Storage Permit Ordinances as'adopted by the cities and the County of Santa Clara. It is 

, t h e  purpose and intent of the Permit Ordinance to protect groundwater supplies from 

contamination which might result from leakage of underground storage facilities. 

~ 

These Guidelines will outline requirements, recommendations and suggested 

alternatives for the proper monitoring of existing underground storage facilities. These 

Guidelines also provide a monitoring schedule for the installation. Any unusual or unique 

installations will be handled on a case by case basis. 

i 

Classification of Hazardous Materials Storage Facilities 

Non-Motor Fuel Storage , I  

Non-motor fuel storage facilities include all commercial and non-commercial 

underground tanks for the storage of non-motor fuel hazardous materials as described in 

the Hazardous Materials Storage Permit Ordinances. Bulk storages of waste oil not 

located a t  retail outlets (service stations) are included in this classification as such 

storages could contain other than waste petroleum products. 

Commercial Motor Fuel Storage 
! 

Commercial motor fuel storage facilities include all underground tanks for storage 

of motor fuels which are intended for commercial resale, including retail and wholesde 
I 
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t P 
outlets and bulk storage facilities. Also included are bulk storages for transit Stations 

and industrial and municipal facilities as well as individual agricultural and suburban 

storages greater than 1,000 gallons. 

Individual Agricultural and Suburban Motor Fuel Storage . .  

Individual agricultural and suburban motor fuel .storage facilities include non- 

commercial underground tanks of less than 1,000 gallons for motor fuel storage on 

agricultural properties, on suburban homesites, and on business sites where fuel is stored 

solely for use by the ownerhesident in the course of his business or for his vehicles and 

equipment. All  motor fuel storages for commercial resale are excluded from .this 

classification. 

For motor fuel storage, whether it be commercial, agricultural.or suburban, the 

Administering Agency of the Permit Ordinance may reclassify the storage facility on an . 

individual basis. Such individual reclassification may be, in accordance with an unusual . 

condition of use or the size of the  storage facility. 

f 

Monitoring Requirements 

In order to provide adequate coverage, monitoring requirements may vary from 

one storage facility to another based upon the depth of groundwater beneath the facility, 

the size of the facility and upon the character and properties of the materials stored. 

Non-Motor Fuel Hazardous Materials Storage Facilities 4 

Shallow Groundwater Conditions A groundwater monitoring well shall be 

constructed a t  a storage facility where groundwater occurs a t  a shallow depth, defined as 

within 45 feet of .the surface. Oftentimes the  precise depth to groundwater is not known 

a t  a storage facility site unless a specific monitoring well exists within 500 feet  of the  ' 

. .  

site. In cases where the precise depth to groundwater is not known, the procedure is to 

drill a hole within the tank backfill or within ten feet of the storage tank down to, 

grqundwater or to a maximum depth of 45 feet if groundwater is not encountered. The 

hole is to be placed on the estimated down groundwater gradient side of the storage 

I 101-2836 2 



facility, as based upon professional judgement. The hole is to be carefully logged and 

S 

z 

m 
2 

soils samples obtained for laboratory tests in order to determine concurrent performahce 

of the  tank. Soils samples are to be obtained, starting a t  the bottom of .the tank, every 

five feet to the water table. If water is encountered, a watevsample shall be taken. 

Testing of soil and water samples shall be in accordance with the requirements of these 

Guidelines. , ,  

When the hole is terminated a t  a depth of 45 feet after failing to encounter 

groundwater, but in a case where the soils continue to be apparently contaminated based 

upon field observations, these conditions are to be reported to the enforcing agency. The 

data will be reviewed and a program for further investigation (which is beyond the  scope 

of this monitoring program) will be initiated where appropriak. All  laboratory .test 

results' are to be reported to the Administering Agency of the Permit Ordinance (the 

county or city of jurisdiction). 

' . 

When groundwater is encountered or known to be within 45 .feet of the surface, 

the drill hole will be extended through the depth of the aquifer to  a'competent clay layer 

or aquitard. A competent aquitard' is greater than five feet  thick. To test the 

competency of the aquitard or clay layer, the hole must be drilled five feet into it. Then 

the excess hole is to be backfilled with concrete and the monitoring well shall be 

completed in the aquifer above it, screening the full thickness of the aquifer. If the clay 

layer is found to be less than five feet  thick, it  may be assumed to represent a local 

lens. Should the first saturated aquifer be greater ,than 20 feet  thick, the well will be 

completed a t  a depth of 20 feet  below the top of the saturated aquifer. 

The screened or perforated interval is to be gravel packed to a minimum of two 

feet above the uppermost screen or perforated interval. An annular,seal of neat Portland . .  

cement, cement mix or thick bentonite slurry shall be placed from . .  the top of ' the gravel 

pack to the surface. 
~ 

, >  
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If groundwater is encountered at less than 45 feet  but greater than 20 feet from 

the surface, a vadose (unsaturated zone) monitoring device shall be additionally required 

so that early detection may be possible by the  combination monitoring installation. This 

vadose monitoring device is to be installed within the tank backfill a t  the location where 

the backfill is a t  the lowest level, if known. The sensing zone of the vadose monitoring 

device shall be placed a t  the bottom of the backfill. Required vadose monitoring shall 

include (1) a vapor monitoring well for volatiles or (2) either a suction lysimeter or an 

interface well for nonvolatiles. These alternative vadose monitoring devices which may 

be employed are discussed on Page 25 of the Guidelines. Refer to Figure 1 for a typical 

example of a monitoring facility,herein described, where groundwater occurs at:a shallow 

depth. 

. , 

Soils sampling procedure, analytical laboratory soils'and water testing methods 

and tests required of-the vadose zone monitoring devices are outlined within the body of ~ 

p) these Guidelines. 8 

I 

Deep Groundwater Conditions - If groundwater is not encountered within 45 feet  of 

the surface in the  drilled hole, the well is to be completed with a vadose monitoring 8 
a 

I 
' 2  
, l  

device in the unsaturated zone beneath the tank. The excess hole, drilled to explore .for 

the groundwater and to obtain soils samples, shall be backfilled with concrete and the 

monitoring device placed within the remaining hole. The concrete backfill is to prevenf 

the hole from servjng as a possible conduit for downward movement of any contaminant 

or drainage water. ' 

. .  

If the hole is started .within the tank backfill, the vadose monitoring device shall 

be completed a t  the bottom of the backfill. Upon this completion a minimum length of 

five feet of annular seal .shall be placed above .the sensing zone (gravel packed interval) 

to the surface to prevent drainage water from entering the borehole. :Variance will be 

allowed for minimum length of annular seal should 5 feet, prove to be impractical due to 

shallow depth of tank backfill for a small tank. Refer to Figure 2 for a typical 

monitoring installation herein described. 

101-2836 4 
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(Not Necessary Where Wafer 
Table is  Within 20 'o f  Surface) Groundwater 
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/- COP 

7 

' //// 
Concrete Backfi l l  -.---' 

-Annular Seal 

+Borehole 

c Water Table -- 
-Well Screen or Perforafed Casing 

-Gravel Pack Envelope 

Y B o t f o r n  Plug 

Vapor Moniforing Well Where Volatile Compounds Are Stored and Either a Lysimefer 
Installation or an lnterfoce Well Where Nonvolofiles Are Stored. 

Figure 1. Typical Monitoring Facility, Non- 
Storage Facility, Shallow- &ouridwater 



Tank  

8 % Vapor Monitoring Well Where Volat i le Compounds Are Stored and Ei ther o Lysimeter 
lnstal lat ion or an Interface Well Where Nonvolat i les Are Stored. 

. .  
'Figure 2. Typical Monitoring Facil ity, Non-Mot,or Fuel 

and Commercial Motor Fuel Storage Faciiity, 
Placed Within Tank Buckfill, Unsaturated 
Conditions . .  
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! P 

~ ~. ~. - - .  L 



1 If the hole is started in natural formation outside of the tank backfill, the vadose 

monitoring device is to be completed at a level five feet  beneath the tank backfill or, 

more ideally, in aquifer materials (herein unsaturated) within ten feet of the bottom of 

the tank backfill. The occurrence of such an ideal situation is determined from the log 

of the borehole when i t  was drilled. An annular seal shall be installed above the sensing 

zone of the monitoring device, which shall be from a level one foot below that of the 

? 
1c 
a 

tank backfill bottom, to the surface. 

installation herein described. 

Refer to Figure 3 for the typical monitoring 

Adequacy of Monitoring Coverage - The number of monitoring wells, or 

1. 
3 
B 
I 
3; 
3 
T 
1 
2 
e 
t 

combination of groundwater and vadose monitoring wells shall depend upon the size of 

the storage facility (individual tank or cluster of tanks).' One well or combination shall 

be required for each dimensional length, or collective length when tanks are clustered, of 

35 feet or less. Where more than one well or combination is required, they shall be 

appropriately distributed so as to accomplish optimal distributed coverage, taking into 

consideration the gradient of groundwater for groundwater monitoring wells and the 

lower levels of the tank backfill bottom for vadose monitoring wells. 

Where groundwater occurs a t  a depth greater than 45 feet, only the  first hole shall 

be required to make this determination. However, soils samples shall be obtained from 

the additional wells from levels beneath the tank and the hole shall be continued to a 

level where the soil becomes apparently free of contaminant as based upon field 

judgement (but to no greater depth than 45 feet). 

Commercial Motor Fuel Storage Facilities 

The monitoring w i l l  requirement for commercial motor fuel storage shall be 

essentially the same as for a non-motor fuel hazardous materials storage facility. The 

only difference in concept is in the extended upper length required in the screened or 

perforated casing interval of the groundwater monitoring well. As motor fuel products 

are essentially nonmiscible with water and are lighter than water, they will float on top 

101-2836 7 



Borehole Completed as Vadose Zone 
Sampling Device * , Placed 5 'Be low ' 
Backfil l  or More ldeally in Permeable 
Formation Within IO'of Backf i l l  Bottom 

To Extend 1'Below Tank 
.Bockfill Level 

Concrete Backf i l l ,  
When Groundwater 
Not Encountered 

Ground Sur face  

Not To Scole 

& Vapor Monitoring Well Where Volati le Compounds A r e  Stored and Either a Lysimeter 
Installation or an lnteriace Well Where Nonvolatiles Are Stored.  

Figure 3. Typjcul Monitoring Facility, Mon-Motor Fuei 
and Commercial Motor Fuel Storage Facilityy, 
Placed Outside of Tunk Beckfil l , Unsaturated 
Conditions 
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of the water table. The important interval to monitor is a t  the motor fuel-water 

interface. Since groundwater levels fluctuate seasonally and on a long-term basis, the 

screened interval would have to be necessarily longer to accommodate these 

fluctuations. This consideration may also apply to certain non-motor fuel hazardous 

materials that  exhibit such similar properties as motor fuels. 

' 

.. , 

All other well requirements, including the  possible .need of a combination 

groundwater-vadose monitoring installation, are the same as for the monitoring of non- 

motor fuel storages. Refer to Figure 4 for monitoring installation herein described. Also 

refer to Figures 2 and 3 where they,,apply to cases where the groundwater is not 

encountered within a depth of 45 feet. 

The required soils sampling and testing shall be the same as for non-motor' fuel 

storage facilities. These procedures are outlined in the body of the Guidelines. Also 

water samp.ling procedure and field testing of water samples are outlined in the body of 

these Guidelines. 

Individual Agr.icultura1 and Suburban Motor Fuel Storage Facilities 

I 

. .  

The monitoring requirement of individual agricultural and suburban motor fuel 

storage facilities shall be accomplished by the instqllation of one well to be' placed.within 

the tank backfill and shall be extended to the bottom of t h e  backfill, regardless of the 

depth to groundwater. This well shall be placed a t , t h e  .lowest level of the backfill if . ' 

known. The lower one-half of the total length of this well shall be screened or the casing 

shall be perforated and gravel packed. An annular seal of concrete, neat cement, cement 

grout or a thick slurry of bentonite shall be palced above the  gravel pack extending to 

the surface to prevent surface drainage from entering the well. Such a well %.referred 

as an "interface vadose monitoring well" when groundwater is not encountered as the 

sensing %one monitors the backfill-natur.al formation interface. Refer! to Figure 5 for 

i '  , : 

such a typical installation. 

! 
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Groundwater 
Sampling Well I 

Vadose Zone Sampling Device 
(Not Necessary Where Wafer 
Table is Within 2 0 ' o f  Sur face)  

Annular Seal 

Gravel Pack Envelope 

Well Screen or Per forated Casing 
fNofe:Sensing Zone is Wide to A l low . 
For Wafer Level  F luc fua t ion)  

Well Centralizer 
(Where Required) 

Concrefe Back f i l l  1 
. . . , ,  . 

Not To Scale 

& Vapor Moni tor ing Well 

Figure 4. Typ ica l  Monitoring Facilityy, Commercial Mofor 
Fuel Storage Facility, Shallow Groundwater 
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Figure 5. Typical Monitoring Facility, Individual Agriculturd 
and Suburban Motor Fuel Storage Facility 
(Serves as an Interface Well Under Unsaturated Conditions1 

1 
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Monitoring is to be accomplished by determining the presence or absence of motor 

fuel product which might aceummulate atop the groundwater or, in the absence of 

groundwater, upon the tank backfill-natural soil interface should a leak occur or surface 

drainage water leaches down. Such a determination is to be made by probing the well 

with a clear (transparent) plastic ball-valve bailer whereby visual determination is t o  be 

performed. The well can also serve as an indicator of the  presence of motor fuel vapors. 

The monitoring well can be installed by a power auger or a hand auger. A Soils 

sample shall be obtained at the bottom of the bore hole for field inspection in order to 

determine the apparent presence or absence of motor fuel contamination. The results of 

the judgemental field inspection are to be reported to the  Administering Agency of the  

t 

I 
1 

1 

? 

f i  

Permit Ordinance. I 
I Monitoring Schedule 

The schedule for groundwater sampling and testing 2nd .for ,'.obtaining : . . I .1 . , . ,  , . .  
:* .. . :.!'I i i; ,: 1 i.' 

. .  

. I  > . .  
( 1  . ,. 

measurements of vadose monitoring devices is as follows: ' ' .  . . 
I .  

. .  

A. Non-Motor Fuel Storage Facilities: Semiannually for groundwater sampling 

and laboratory testing and for vadose monitoring mkasurements. 

Commercial Moter Fuel Storage Facilities: Monthly for groundwater sampling 

and field testing and quarterly for vadose monitoring measurements. 

B. 1 
I C. Individual Agricultural and Suburban Motor Fuel Storage Facilities: 

semiannually for inspections. 

101-2836 
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INTRODUCTION 

Hazardous Materials Storage Permit Ordinance 

It is the purpose and intent of the Hazardous Materials Storage Permit Ordinance 

to protect groundwater from contamination which might result from leakage of 

underground storage facilities. The protective means are to be approached from the 

standpoint of leakage prevention or of early detection through validation systems to 

determine storage facility performance. 

Monitoring Program and Guidelines 

The monitoring well program as herein presented is one of the means to  validate 

storage facility performance and to determine, in a timely manner, any occurrence of 

leakage. These Guidelines will outline requirements, recommendations and suggested 

alternatives for a proper monitoring installation. They will also cover soils sampling 

procedures, means of obtaining samples or measurements, analytical testing methods, 

monitoring schedules anb reporting procedures. 
I 

Administration and Enforcement Agencies 

The administration and enforcement agencies of the  Hazardous Materials Storage 

Permit Ordinance are Santa Clara County and the individual cities that have adopted a 

Permit Ordinance. All applications under the Permit Ordinance are to be initiated 

through the administering and enforcing agency having jurisdiction in the area. 

The Santa Clara Valley Water District (SCVWD), a Countywide agency, through 

Ordinance 75-6, is the administering and enforcing agency for the construction of wells 

and the destruction of abandoned wells. Al l  monitoring wells which are constructed in 

natural formation, and therein have the potential to compromise or violate the natural 

protective overlying formations, come under the provisions of SCVWD Ordinance 75-6. 

These Guidelines for monitoring well construction included herein were prepared by the 4 

SCVWD and serve as an extension of Ordinance 75-6 (See Appendix A). SCVWD wiil 

101-2836 13 



' t  
serve as the administration and enforcem.ent agency for' the construction of monitoring 

wells in conformance with the requirements of the Hazardous Materials Storage Permit 

Ordinances. Where a monitoring well is required, the owner shall be responsible for 

. ' obtaining a permit from the SCVWD for the monitoring well construction. See Standards, 

? 
1 

for Well Construction in Appendix B. 

When the monitoring well is no'longer needed and is to be abandoned, i t  shall be 

properly destroyed in accordance to  the provisions of Ordinance 75-6. The well owner is 

responsible for obtaining a well destruction permit from the SCVWD and, properly 
a 

destroying the well. See Standards for Well Destruction.in .Appendix C. . .  I.  

I 

a 
a 
I 

1 
f 
1 
t 

. .  
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CLASSIFICATION OF HAZARDOUS MATERIALS 
STORAGE FACILITIES 

See Summary on Page 1 of these Guidelines. 

I 
I 
rn 
I 
1 
,a 
1 
1 
t 
1 
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MONITORING PROGRAM 

Purposes, Scope and Limitations 

The purpose of a monitoring well under this program is to detect as early as 

possible any leakage from an underground hazardous material storage facility, should one 

occur. To accomplish this, a site-specific monitoring well is to be constructed adjacent 

to the storage facility (within ten feet of t h e  tank). The well is to monitor either the 

first aquifer zone or the  immediate unsaturated zone beneath the storage facility, 

depending upon the depth of the water table beneath the facility; in some cases both the 

groundwater and overlying unsaturated zones may require monitoring installations. 

Additionally, the monitoring well is to be constructed in a manner which will not allow 

the well to serve as an avenue for the transmission of contaminants, either from the 

surface to the first aquifer or from the first aquifer or unsaturated zone should a leak 

occur to any underlying aquifer or underlying unsaturated zone. 

This monitoring program is limited solely to  the detection of facility leakage and 

is not intended to have any other investigative purpose. 

Responsibility of Performance 

These Guidelines will suggest typical monitoring well  construction, taking into 

account various hydrogeologic conditions and contaminant properties in meeting the 

objectives of the monitoring program. The examples presented are expected to  be 

appropriate to suit most of t h e  varying local conditions. However, it is recognized that 

the specified requirements may not be appropriate to all conditions and, hence, individual 

well  designs are not limited to  the examples presented. Nor do these Guidelines preclude 

the use of other methods or equipment. However, any alternatives or deviations from 

the suggested Guidelines must meet the objectives of the program and must provide 

equivalent or superior protection of the aquifers by their construction. When an 

alternative concept is considered by the enforcing agency, the SCVWD, shall review and 

approve or disapprove its use. 

. -  ~ 
I I _ _ _ _ I . _ . - _ . _ _ _ . .  . _ .  " - . .  ' 101-2836 1 6  
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As provided in the Permit Ordinance, it is intended that the owner of any 

underground storage facility shall install and perform the  monitoring program.. As the 

installation and performance of the monitoring require professional judgments and 

important field decisions, the owner is responsible for the enlistment of. a qualified 

professional (or consultant) to .assume the technical responsibility for performance. For 

the purposes of these Guidelines, t h e  overall technical responsibility is to be assumed by 

a State Certified Engineering Geologist or a State Registered Civil Engineer. 
, _  

The only exception to the requirement' of a State registered or certified 

professional is in the installation and monitoring program for individual agricultural and 

suburban motor fuel storage facilities' 

Compliance with Existing Statues 

The implementation of the monitoring program must comply with existing federal, 

State and local ordinances. All monitoring wells, regardless of depth, which are drilled 

into the natural formation, are subject to SCVWD Ordinance 75-6. (See Appendix A) The 

Ordinance allows for variances for shallow wells. The following items discuss differences 

of these Guidelines to Ordinance 75-6; in these instances the proper course for these 

Guidelines are specified. 

1. A monitoring well constructed wholly within the artificial backfill (as 

distinguished from the intact natural formation) around an underground storage ' 

facility does not have the potential to compromise the natural groundwater 

protection. It is excluded from the provisions of Ordinance 75-6 and does not 1 
I 
1 
I 

require a well drilling permit from the SCVWD. . .  

2. The construction of water wells is solely limited to a driller with a .S ta te  

water well contractor's ('2-57) license but other qualified and licensed contractors 

may also be employed to construct monitoring wells (e.g., a contractor with a State 

C-61 license). 

3. 

, 

. .  

The submittal of a well completion report to the SCVWD shall be. by the owner 

101-28 3 6 1 17 
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I 
1 

? 

1 

or by his  professional consultant, rather than by the driller. The final completion 

report shall be in the form of a standard State Water Well Driller's Report. This 

requirement does not relieve any well drilling contractor of the requirements that 

he file a report of all the wells and test holes in accordance with the State Water 

Code. 

4, The use of bentonite for an annular seal is permitted in addition to  Portland 

cement or cement mix as specified in Ordinance 75-6. 
, I  

5. .As indicated under item No. 1 above, the monitoring well required for 

individual agricultural suburban motor-fuel storage facilities is exempted from the 

provisions of Ordinance 75-6. However, its construction shall comply .with the 

provisions set  forth in these Guidelines. Such a monitoring well  may be constructed 

by the owner or by a contractor. 

Well Construction Permit 1 

Under the provisions of SCVWD Ordinance 75-6, a well drilling permit must be 

obtained for each well installation prior to its construction, unless exempted. The owner, 

owner's agent, or consultant is to apply for such a permit from the SCVWD a t  the 

District Office, 5750 Almaden Expressway, San Jose, (408) 365-2600; a t  the Santa Clara 

County Central Permits Office located a t  70  west Hedding Street, Sen Jose, (408) 299- 

2454, and a t  the South County Office located in ihe  Gilroy ,City Hall(408) 847-6484. 
. ,  

I 

, 

I 
1 
1 
I 
I 
1 
I 
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MONITORING REQUIREMENTS 

. . Monitoring requirements which discuss the appropriateness of the approach t o  

monitoring -foi a particular classification. of storage facility,  varying^ hydrogeologic. 

conditions; nyiiiber and location of monitoring devices required, and requirement of soils 

sampling have already been covered in the Summary on Page 2 of: these Guidelines. 

I 

. .  

. "  
I .. 

. ,  
. .  

, 
. .  . .  

. .  ,. 

. .  
,~ . . 
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WELL CONSTRUCTION GUIDELINES 
. ,  . .  . . .  

These Well Construction Guidelines set .forth .recommended, or required 

parameters with regard to the design, drilling and sampling, construction, development, 

and security o f  wells which are required for monitoring beneath subsurface hazardous 

material .storage .facilities. These Guidelines also set forth recommended ,or required' 

procedures foe boring and sampling where soil samples andfor identification, of 

1 . 
. ,  . .  I 

* .  1 . .  . .  

. ,  
groundwater levels are required. . .  

. .. 
> )  

1 
Well Diameter 

The miiiimum well diameter shall be two inches but larger diameters can be, 
.. . . . . .  

. .  
.. - 

I 
I ' '  .considered and are acceptable. . .  

. s  

, .  ~. . -. . 

Borehole Diameter 
. .  . 

The diameter of the borehole shall be of sufficient size to encase the,perforated . .  
casing or well screen in a gravel pack .envelope of sufficient annular thickness. Such'a ' 

width thickness is a minimum .of two. inches and a maximum of six' inches (e.g., a three- 

inch O.D. casing would .require a hole diameter of seven inches minimum and 15 inches 

. .  

, .  

I 
1 
I 1 

maximum). These limits provide an ad,equate width space for the proper installation of . .  

D the annular surface seal while not inhibiting well.development. . , . .  
. %  . .  

' t  

- 
Construction Materials ' : 

Casing,'Screen and Perforations ,I 
Well casing, screen and perforated casing shall be constructed of materials that 

I have the least potential for affecting the  quality 'parameter of ther.sample; have . 

sufficient strength and resist rapid deterioration from -corrosion. Acceptable ' . 

. construction materials include polyvinyl chloride (PvCj, stainiess 'steel ,or low carbon 

steel. The most suitable material for 'a particular installation will depend upon the 

parameters to be monitored.. Casing 'and screen joints may be connectedby means of arc ' '  

' ' 

. .  

. .  

1 
I . '  

I .  

t ' . , "  . 
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. .. 

welding of metals or they may be threaded and coupled. The use of organic bonding 

compounds is not permitted., 

Graiel Pack Envelope 

. .  .. . . ,  
, .  ~. 

1 

1 

Gravel pack envelope materials, when employed in well construction, shall be' 

durable, waterworn, and washed clean of silt, dirt, and foreign matter.. They shall be" 

well rounded (crushed material is unacceptable) and shall be graded to 'an appropriate 

size for retention of aquifer materials encountered in the borehole. When the gravel 

pack materials are of sand sizes, they shall be appropriately screened silica sand. 

Annular Seal , '  

, , 

Annular seal shall consist of neat cement, cement grout, concrete or thick 

bentonite slurry (or bentonite pellets). When cement is used i t  shall be Ciass A Portland 

cement. , 

. ,  

, 

. .  

In the sealing of PVC casing, the heat of hydration generated by cement would 

have to be considered.. The heat of hydration could be ,moderated with .the addition of 

bentonite or sand or by cooling the  mix before.installation. 

. 

.. I 

. .  

. .  
. .  

. .  
. ~. . .  

Construction Procedures and Requirements 
. .  

Drilling Methods * .  

The following drilling methods 'are acceptable alternatives where the sole. 

objective is the construction of a monitoring well in the borehole: solid and hollow stem 

auger, percussion (cable tool), direct circulation (mud) rotary, and air circulation direct 

and reverse rotary. For certain installations' consideration shall be given to' a method 
I .  

,. 

. that minimizes the introduction of foreign materials or fluids. 

Al l  tools used in connection with the. boring of, the hole.shall be cleaned before 
. . .. .~ 

commencement of drilling. , .  

If drilling mud is employed, drilling fluid additives- shall'be , ,  limited toiinorganic 
. .  

. .  
. _  

' , #  

and non-hazardous compounds. 

. .- . . .  . .  
C "  
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1 
1 As stated under "Monitoring Requirements", the  drilling of a monitoring well in 

the tank backiill for individuals agricultural and .suburban motor fuel storage facilities .' . 

and for stiallon vadose monitoring weils may also be accomplished by hand augering.. . ,  
. .  - .  j 

~. 
Soil Sampling , 

The requirements for obtaining soils samples are disctlssed.in the.Suhimary under 

Monitoring Requirements on Page 2 of these Guidelines. 
. .  

Soil samples for laboratory analysis shall be collected by driving a thin-walled 

Shelby tube-or a California type drive sampler. Upon collection, the sample tube is to be 

capped on both ends wi th  a teflon cap. Alternatively, aluminum foil can tie used to cover 

the 'ends of the sampling tube and .then sealed 'with an air-tight cap on each end. These 

samples are to be immediately.placed in a refrigerated ice chest for transport to a 

.laboratory. Soils samples for testing by visual field inspeition in t h e  installation of a 

monitoring well for individual agricultural and suburban motor fuel storages could be 

obtained in the, same manner or by obtaining disturbed samples,. with a:power or'hand 

auger. 

. .  

. .  
. ,  

. .  

. '  

~. 
. ,  

. .  

Analytical testing methods for soils. samples . .  . .  ,.'are presented under "Sampling, . .  . .  
. .  . . ,  . .  

Monitoring Schedule and Reporting". 

Casing, Well Screen, Perforated Casing Installation 

Before installation; all casing, 'couplings, 'well centralizers, well screens or' 

perforated casing und all other components are. to be thoroughly cleaned, Cleaning can 

,be accomplished with the use of detergent, clean water, trisodiumphosphate or other 

approved cleaning compound. Whenever possible the  well column (casing, perforated 

.casing or well screen) should be held in tension whereby the column isheld above the 

bottom of the hole during the gravel pack and seal installation. Also, whenever possible 

or when required, well centralizers are to be attached'to the well~column so that the  well 

screen, perforated casing and well casing can be properly centered in the gbav.el pack and 

annular seal envelope. Centralizers would not be required in hollow-stem auger hole- 

type construction as the wel l  column is held in,center when' the well is constructed. 

I' . ' 101-2836 
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. '  I 

, ' Bottom Plug 

The boi tom of the 'well shall be ,permanently plugged, :either by a~ screw-on or ' . ' . 

. .  

fliiciion cap J ~ I I ~  withodt the use of an organic bonding compound. The bottom plug is to . ., 

keep the w d l  from silting and to eliminate the possibility of a cavity from , developing in I. 

the formation by pumping. . . 

' ' , 

1 

I 
. .  

' , ?  . ' :. ,' . .  
(. 

. . .  . ,  . . .  . .  . .  

. !  
. .  

Gravel Pack Envelope Installation , 
* .  

Gravel pack envelopes shall be installed by ' a  tremie ptpe. When drilling mud. is 

used, it must be thinned out. .These measures are' to avoid bridging and void .. creation. . 

The gravel pack is to cover the full length of the perforated or'screened interval in 

addition to rising a minimum of two feet  above the uppermost.perfqration. 

Annular Seal Placement 
, ._ . .  . .  . .  

The annular seal is to be placed.above t h e  gravel pack and ertended to the ground 

surface. A trtinsition of finer sand, soil or bentonite pellets may be required to prevent ., 

sealing materials from entering the gravel pack material. Mixing of sealing materials in 

preparation for placement shall be with, clean water and thoroughly mixed (no dry 

lumps). Annular sealing materials shall be placed in a manner that prevents'bridging, 

dilution and scgregation when placed under water. Slurried annular seal materials shall 

. 

. .  . .  

be ernplaced by a tternie pipe down to the bottom of the interval to.be sealed and then 

' filled from thc bottom (upward, withdrawing the, tremie 'pipe as the  placement progresses 

but a t  all times keeping the end of the pipe submerged in the sealing'material placed. If 

groundwater occurs in the annular space, the placement of the sealing material from the 

' bottom to the  surface shall displace .the water out of the top of 'the hole., .Bentonite 

pellets, however, can be placed by free fall urider gravity as they can sink to, the bottom 

underwater before fully expanding to form a.tight seal. " 

' 

. _ .  
I 

I 

I .  

; 

. .  
I .  

When Portland cement is used;the placement of .theseal is to be performed in one . . 
. '- . . .  . .  . .  

. . ..: . 
continuous lift for the interval to be sealed. . .  . ,  . 

. . , .  
* . .  

. .  . .  . . ,  
. .  

, ... . .  ! . .  . . -. . ~. 
. / .  . 

. .  
. . ..: . 

continuous lift for the interval to be sealed. . .  . ,  . 
. . , .  

* . .  
. .  . .  . . ,  
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I .  Well Development 

All monitoring wells shall be developed to clean.the .well and to stabilize the sand, 

grnvcl, 'tint1 !tquiC~~r materials !round the screens or perforations. Well development . .  may 

he accomplisli(.d by bailing, mechanical or air lift pumping, surging, or. swabbing. Well 

developmcnt.shall continue until the well is thoroughly developed and free of 'sand, silt, 

and turbidity. 
~ 1 .  

In some cases where low permeability formations are involved or the drilling mud 

used fails to respond to cleanup, initial development pumping may immediately dewater 

the well casing and thereby inhibit development. When this occurs, clean, potable grade 

. .. , 

. .  

w'ater can be introduced into the well, followed by surging of the waters introduced with 

a swabb or surge block. Care must be taken not to damage the well screen or casing. 

while swabbing or surging. This is to be followed by pumping. The procedure could be 

repeated as required to establish full development. 

. .  

. .  . .  

Surface Security and Identification 

The surface of each monitoring well is 'to be protected fr0.m fluid entry, 

accidental damage, unauthorized access and vandalism. ,Wellheads may be secured above 

or below the gyound surface;depending on local conditions. In all'cases, a watertight cap 

shall he installcd on the wellhead. 'If not otherwise secured,,the cap shall also be locked. 
. ... . .  

. .  . 

Wellheads secured below the ground surface should be. completed .in a concrete or 

other vault, with a locking cover. 'The vault shall 'be installed with' provisions for 

drainage to prevent accumulation of rainfall or surface runoff. Venting of the well, .if '. 

required, can he accomplished inside the vault, with suitable backflow.prevention against 

inflow of rainfsll or surface runoff. 

.. . 
. .  

: 

, . . .  

I . .  

Each well shall be obviously identified, including well owner, well number, type of 

installation or device instahed and key.construction data such as depth, hole and casing 

,diameters, and location of screen or perforated intervals. 

, 
' 

, 
. ,  

,. . . -  
. 



? 
1 VADOSE ZONE MONITORING 

The reqgirements for vadose (or unsaturated) zone monitoring are outlined in the 
. .  . .  

Summary of t*iese Guidelines. This section discusses the  types of vadose' monitoring . .  1 required and the guidelines for their installation. . .  

1 
I 
I 
I 
1 
I, 
I 
1 
I 
I 
I 
1 
1 

I 
t 

The aviiilable vadose monitoring devices can be broadly categoiized into two 

(1) rkctive devices which are sampling devices, and (2) passive which are groups: 

nonsampling &:vices. Active devices include vapor monitoring wells, suction lysimeters 

and .interface wells. Passive devices include tensiometers; electrical resistance blocks 

and other devices to measure relative changes in soil moisture'content, temperature and 

salinity. Minimum requirement as specified under these Guidelines considers only active. 

type devices. 
. .  

. 
. .  . ,  

. .  
, .  

Required Vadose Mohitoring 

For the purposes of these Guidelines; where vadose monitoring is required, a vapor 

monitoring well shall be installed where volatile and semivolatile products are involved, 

.and either a suction lysimeter or an interface well shall be installed where nonvolatile- 

products are involved. , 

Vapor ,Monitoring I 

,. .. 

. . .  8 s.. 

, .. I .  

A vapor monitoring installation can be constructed in several ways. One way is to 

construct a conventional well to the desired depth, in these cases to- the bottom of the 

tank bankfill or just below it as described in the Summary, and have the-well screened or 

perforated a t  the' bottom. Monitoring is to .be performed by lowering a small tigon 

. .  

sampling tube to the bottom. An inflatable packer is set above the screened interval. 

Refer to Figure 6 for an example of a typical installation as described. Vapor testing is . 

to be accomplished by pumping the vapors to the surface and then passing them through a 

portable measuring device and exhausted through an activated carbon filter or field 

samples can bc collected by passing the vapor through an adsorption medium. which is 

then sent to a laboratory for analysis.. 

. 

- ,  

I 

. .  
. 1  

. .  
. ,  ,' . 

. .  

- ..~ ~ , . .- . . ,  
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Figure 6. 

1 

. .  ,: . .  . .  . . . .  . .  
, .  . ~ .~ 

. .  . I  _ .  
Not TO Scale 

. .  4 :'. 

, .  . .  
, .  . .  

. . . . .  , 
, .  

~, I 

Typical - Vapor hbnitoring Device installation, ' -  
Unsaturated Conditions 

26 
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I 
This conventional type of vapor monitoring well is preferred over others as 

measurements for the presence of fluids, should a saturated condition occur, . .  could also 

be taken .and fluid samples be obtained. Testing.of such fluids would serve as-a better 

. .  

, j .  . ~ .  , )  . , 

', 
I . 

ind,ication'of the concurrent conditions than would vapor testing. . . .  

Another method.of installation is to construct a permahent gas probe tip enclosed 

in a silica sand pack envelope with a sampling tube to the surface for vapor pumping. A 

nominal bentonite pellet seal shall be placed above the sand pack envelope and the rest 

of the hole shall be sealed to the surface with conventional sealing materials. 'A nominal 

length of casing shall be installed a t  the surface for protection of the sampling tube. 

Driven steel well points can also be employed as vapor sampling tips. These can .' 

., ' . 
, 

I 
I 
I 
I 
I 
I 
B 
I 
I 
I 
I 
I 
I 
I 

be installed through a hollow-stem auger or in a solid stem auger hole and driven to the 

depth desired. The small, permanently attached sampling tube is also of steel arid is to ." 

. , 

8 .  

. .  
. I  

be sealed to the surface. s .  . .  

.. . . .  . .  Suction Lysirneter - 
Suction lysimeters are commonly used to extract srriall .volumes of'  fluids from 

unsaturated, though quite moist,.soil zones, usually at shallow depths. A typical.example . .  .. , .' 

of a .commercially available pressure/vacuum lysimeter is presented in Figure 7.  

Modified versions with check valves can, be employed for deeper'zone Sensing. Fluids are 

drawn into thc lysimeter by lowering the air. pressure, in the lysimeter by .vacuum 

pumping and then in the second cycle the fluid is purged to the surface .by pressure 

. .  

. .  

- .  

pumping. . Vacuum and pressure pumping can.be accomplished with a . .  hand pump. The . . 
:, 

fluid samples are to be collected for laboratory analysis; 

required for non-motor fuel storage and nonvolatile storage facilities when the' . .  .depth to 

The use of lysimeters is . ' ' .  

~ < .  

the saturated zone is greater than 20,feet from the surface, 
' . >  

, ,  

. .  . .  

., 
- .  . 

. .. , 
. , . ,  

. .  

. .  . 

, .  
. .  
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tessure/  Vacuum /n le t  

Extraction Outlet 

Threaded 
Coupling 

FI V;C. Tube 

2.5 Micron Polyethylene 
Pourous Material 

Collection i Chamber 

Threaded 
Coupling 

.. ;. 
. , *; j?". ;r, 

.. I .  

. L C U P :  ' > .  

. .  

. .  
, .  

Figure Z Typical Pressure/ Vacuum Lysimeter 
- ' T : - :  :. and It? /nsta//ation, hso tu ra ted  @olsdifiQns " ~ . 

I .  
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The suction lysimeter shall be installed in the bottom of the borehole? The hole 
. .  

shall then be backfilled with a very f ine  pure .silica tremiing sand (commercially' 

available) as to encase the 'lysimeter. The very fine sand is -to be installed. by- either 

tremiing a sand-water slurry into the Hole or by hand pouring the sand into the hole and 

tamping continuously to ensure a good tightly compacted contact between the lysimeter 

and the materials to be monitored (soil formation or tank backfill). A nominal bentonite 

, 

' . 

i '  ' 

pellet seal is to be placed above the sand pack .envelope follo&ed by the placement of 

slurried bentonite mix sealing materials to the surface. A nominal'length of casing shall 

be installed a t  the surface for protection. Other provisions for t h e  installation of 

.lysimeters shail follow instructions provided by the  commercial supplier. Refer to Figure .' 
* .  7 for a.typica1 suction lysimeter .installation. 

~ 

' Interface Well 

An interface well is a vadose monitoring well that is constructed in .the same 

conventional 'manner as.a groundwater monitoring well with a scceen'or perforated casing 

that is gravel packed to .form the .sensing zone. The sensing zone is placed a t  a 

formational interface in the unsaturated zone. The interface is usually a permeable 

material or formation overlying an impermeable or slightly p,ermeable zone, e.g., 'sand 

backfill (of the bank tank excavation) or .sand/gravel formation underlain by a. clayey 

formation. Fluid sampling with a teflon or stainless steel bailer may be possible when.a 

temporary condition of saturation develops at the interface as a result of tank leakage~or 

leaching down of surface drainage waters.' Examples of such installations are the vadose 

monitoring devices as shown on Figures 1, 2,,3 and 4. 

. .  

~. 

. . 
, .  . .  

Materials and installation procedures for construction of an interface well are.as 
, . ,  

specified under "Well Construction Guidelines". , .  

Installation and Materials -'\ 

Vadose monitoring devices are to be installed jn  boreholes drilled by solid-stem or 

..I 

.. , hollow-stem drilling. Where the level of installation is shallow,. they may be. installed in . 
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a hand augered hole. Materials such as casing and well screen, depending uponthe, type 

of device installed, and the annular seal and sealing'materials are as specified under 

' . "Wel l  Construction Guidelines". Where applicable the minimum length of annular seal 

shall be 5 feet from the'surface, to prevent drainage water.from entering the bore.hole; 

' A variance will be allowed for minimum length of annul i ' sea l  should 5 feet prove . to be 

. 
.. . 

. 1 
,I 

* ,  impractical due to shallow depth of tank backfill for a small tank. 
1 

' -  : 

Surface Security and Identification 

The surface of each installation is to be protected from .fluid entry, accidental 

damage, unauthorized access and vandalism. The monitoring equipment may be secllred 

above or below the ground surface, depending on locai conditions. cases, .a 

watertight closure is required for the instruments, and each.installation shall be secured 

by, a locking device. 

' 

In 

* 
. I  i 

Equipment secured below the ground surface should be completed in a concrete,or 

other appropriate type vault having a locking cover. The vault shall be installed with 

,provisions for drainage to prevent accumulation of rainfall or surface runoff. 

. .  

Each well shall be obviously identified, including weU owner, well number, type of 

monitoring device, and key construction data such as depth, diameter, casing size, .and 

sensing zone depth. 

. ,  

.,. . .  
. I  

. .  
. .  

, .  
. .  .. .. I 

* ,  
. .  . . .  

, . .  

. '  . .  
. .  ~ 

. I  

. .  

. ,  
, .  

. .  
. .  

. .  . .  
. ,  
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.SAMPLING, MONITORING SCHEDULE AND REPORTING 

' . 
' .  SoilsTesting ' 

sampling and the procedures for soil sampling. are 
. .  

i 
discussed in the Summary and Well Construction Guidelines, respectively. 

Non-Motor Fuel and Commercial Motor Fuel Storage Facilities 

Soils samples obtained from non-motor fuel and commercial. motor fuel storage 

facilities shall be laboratory analyzed individually or. they shall be composited in a 

manner as to composite two succeeding samples together starting with the top two, etc. 

. .  'I 
I 

The samples from the uppermost zonek) shall be analyzed first and any ot- all succeeding 

samples may not have to be analyzed if the  previous set of samples above i t  ,is 
1 

determined to be "clean." 1 
. .  

. When the history of the storage facility is precisely known and documented to the 

satisfaction,of the enforcing agency, laboratory an iyses  shall test for  the materials and 
. 1 

. related materials that are and were stored in the facility. If the history-is ndt precisely , .  . 

known, a complete gas chromatography/mass spectroscopy (GC/MS) scan of '  volatile 

organics (EPA Method 624) and/or acid/base/neutral extractables (EPA Method 625)'shall 

be performed as appropriate for the types of materials which may have been,stored. 

Testing of soils shall employ EPA.Standards Procedures in all appropriate bases. 

1 ' ' 

I 
. 

Otherwise recognized standards are to.be employed. . .  
- " .. 

Individual Agricultural and Suburban Motor Fuel Storage Facilities 
I 
I Soils samples obtained at individual agricultural and suburban motor fuel storage 

facilities can be field tested. Tests to be performed are (1) presence of motor-fuel odor, 

and (2) the observance of an oil sheen after which the soil sample is vigorously mixed 1 

31 
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. *  Monitoring Schedule . .  

For the purposes of these Guidelines the following . .  schedule of grqundwater ' 

. .  

. .  sampling and other rneasurements.shaIl be observed: 

Non-Motor Fuel Storage Facilities 

' 

~ 

, .  

. .. 

Groundwater sampling and vadose monitoring shall be performed on a.semiannti,al 

Water .samples are to: be basis, starting upbn the completion of the installations. " 

. .  
. .  

. .  
laboratory tested. , . .  

Commercial Motor Fuel Storage Facilities 

Groundwater sampling shall be performed on a monthly basis, starting upon the 

completion of the installation. Vadose: monitoring shall be performed 'on a quarterly 

basis, starting upon the completion of the installation. 

.. . . .  

, .  

Individual Agricultural and Suburban Motor Fuel Storage Facilities 

Probing for the detection of motor fuel product .&d water in the monitoring well 
> 

shall be conducted on a semi-annual basis starting upon the completion of,the ,well; ', ~ . 

. : ,  ~ I .  

t: , Modificaton of Monitoring Schedule 

, On an individual basis, the Administering Agency . .  may  alter .any monitoring 

scheduIe or request special supplemental sampling and testing, based upon the.results of 

previous tests. On .the same basis, specific quality control measures may :also be 
. .. 

b. , . . .  . . .  . ..: . : ,  

specified. .~ 
. .  

.. I .  Groundwater Sampling and Laboratory Testing 

Non-Motor Fuel Storage Facilities 

The sampling of groundwater for laboratory analysis shall be accomplished in the 

following manner: 
I .  . 

. .  

A. The well shall be bailed or pumped to remove four to ten weilvolumes prior to 

sampling. If the well is evacuated before four to ten well volumes are removed,' the 

sample shall be taken when the water level in the'well recovers . .  to apprqximately 80% of ' 

,101-2836 

~~ 

. .  
1- . 



R. Following the required volume of evacuation from the well, t he  sample shall 

be obtajned with a teflon or stainless steel bailer or a gas actuated positive displacement 

bladder pump (whereby gas is not in contact with the fluid:being pumpeg). Air-lift form 

of sampling shall not be used. 

. .  

. . '  . .  
. , 

, .  

I .. 

' , . ,  , 

' . .  8 .. 
. .  . ,  

.~ , , I  

C. Water samples shall  be  handled and preserved'according to the latest 'EPA 
. .  

methods as described in the Federal Register (Volume 44, NO. 233, Monday, December 3, ., 

1979, Page 69544, Table U) for the type of analysis to,be performed. 
, .  ' 

Detailed procedures or assistance can be obtained. from a ,  qualified commercial 
L . ,  

laboratory. . .  

Constituents to be laboratory tested are to include materials or related materials 

that are being stored or had ljeen stored in the storage ,facility. If this is not precisely 

known, a complete scan of all possible contaminants shall be performed. Laboratory 

testing of waters shall employ EPA Standard Procedures in' all appropriate caies :(as 

stated under "Soils Testing"), Otherwise recognized standards are to be employed; . . 

t 

, ,  
'. 

. .  
Commercial Motor Fuel Storage Facilities - .  

Water well sampling is to be accomplished by using a clear (transparent) plastic 

ball-valve. bailer. Water samples are to  be field inspected for: the presence of-odor and 

the observance of product or sheen on the  water sample. 

. .  

. . . . .  . ,  

.~ 
t .  

. 
i 

, . . . .  , 

' 

I 

. .  
P.. Vapor Monitoring , '  ;.* 

- 
For commercial motor fuel ,storages, vapor samples are .to be pumped from the 

vapor monitoring well and are to be passed through a,portaMe field analjizer. For non- 

motor fuel storages, especially when a wide ,scan of constituents is necessary, vapor 

samples are to be pumped and passed ,through an adsorption medium for laboratory 

desorption and analytical testing. 

. ,' , 

i. 

. .  
, .  

Procedures and testing of vapors shall follow recognized standards. Assistance 
i 

can be obtained from a qualified commercia1.laboratory. . .  I . >  

. .  
* ,  ) . .  

I .. - . .  . .  
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Suction ,Lysimeter Monitoring 

. .  . .  

for laboratory analysis. 

I 
. . .  

. .  
. .  

: 

. .  

. . . , . .. 
. .  . .  . 

~.. , . .. 

' . Interface Well Monitoring 

Fluid sampling, should a saturated condition develop upon the interface, for nori: 

. motor .fuel storage, shall be accomplished with a tenon or stainless steel bailer. FMds : 

obtained are .to be handled, perserved and laboratory tested in the .same manner as ' '  

described previously under "Groundwater Sampling and Laboratory. Testing". 

. .  

. .  
I '  
I . ,  

Individual Agricultural and Suburban Motor Fuel 
Storage Facilities Monitoring 

Monitoring of individual agricultural and suburban' motor fuel storage facilities is 

to be accornpljshed by the probing of the monitoring we0 for  the detection of'motor fuel 

. ~ product o r  any fluids in the well. This can be performed.by.1owering a clear plastic ball: 

valve bailer. L 

. .  

.. 
, ~. 

I .  If fluids are present 'in the well, the clear plastic ball-valve bailer would secure a 

.sample which can be tested for the  presence of. motor fuel by noting the  presence of odor. 
.. . .  

. .  , 
, and the observance of product or sheen on the water sample. ::. 

, .  " .  . .  
.. . 

Reporting. . I .  

. .  

The results of all soils testings, water sample observations and anayses,' and 

vadose monitorings are to be reported to the Administering Agency in a timely manner 
1 

. .  .. 
following obtaining the results. * . .  

' , ~ ,  .. . , i . .  
. .  . ,  . .  

' ,  

. .  



GLOSSARY 

Administrating Agency - that local city or county government that administers. the 

Annular Seal - that  impermeable material, that fills the -space betweenthe borehoie. . .  and 

Annular Thickness - that distance.between the borehole and the outside casing wall 

Aquitard - a usually horizontal geologic formation, .with very low permeability that 

. .  

Permit Ordinance. . .  

, .  

. I  

. . $ ' . .  ~ 

* ,  
the  well casing 

I 
I 

I 
1 , :  

B ' .  

I 

I 
I 

1. 

restricts fluid flow. I 

' Borehole - the hole created by a drilling devise. 

,I Bottom Plug - the plug placed at the'bottom of well casing t o  preclude irosion.of the;  . '' 

Casing - the conduit placed in a borehole to extract fluids or vapors. 

Drilling Mud - a heavy suspension fluid circulated as part of the operation of hydraulic 
rotary drilling, usually consisting of a' mixture of water, mud, clay (bentonite) and 
chemical additives. 

' backfill material. 

, .  
. .  . ' .  I . !PA - Enviornmenta1,Protection Agency 

. .  

Filter Pack - that select uniformly, graded materid'used to backfill the:annular .space 

Formations - those.geologic strata that underlie the ground surface. ~ . 

GC/MS - gas chromatography/mass spectroscopy; 'laboratory testing methods.. 

Gravel' Pack Envelope' - that properly graded. material surrounding the annular space 

Guidelines - Groundwater Monitoring Guidelines 

Hazardous Materials - those materials discussed in Part'III of the Hazardous;Materi& 
Storage Permit Ordinance 

Hazardous Materials Storage P.ermit Ordinance - the Ordinance .adopted by the 
administrating agencies to regulate the  construction monitoring, and reporting .of 
underground hazardous materials storage facilities. 

Hydrogeologic Conditions,- those conditions dealing with the behavior of groundwater. ' ' 

Interface 'Well - vadose or unsaturated 'zone monitoring well, conventionally constructed 
with the screened or perforated 'interval located at a formational interface, usually 
permeable materials overlying impermeable or slightly permeable materials. Fluid 
sampling is possible when a temporary condition of. saturation develops a t  ' the 

around a well screen or perforated casing. 
. i  , 

. .  

1 

~. , . , 
around a well screen or perforated casing. , , 

. 
t .. I ' *' 

t 
. ,  

. 
. ,  1 ' 

' 

, .  .. . 
9 1 , .. . ., interface. . .  

. ... . .. .. . . f j . "  , '  - 
101-2836 . . 

. . .  

.I 

. .  
. 1  

L 
. .  

. ,  

3 5 ,  

." . 



. .  . 

Motor Fuels - those hazardous materials used primarily for the operation of internal 

Natural Formation - An undisturbed material. ' 

combustion engines, including lubricating and cleaningfluids. 
. .. 

. ,  

, 

Non-Motor I'uc1.s - all those hazardous materials not used primarily~for the operation of . . ,  
internnl combustion engines. I 

. .  . 
Ordinance 75-6 - an ordinance of the Santa Clara Valley Water District regulating the. 

Perforated Casing. - well casing with holes or slots permitting the passage of fluids or 

Permit Ordinance - the Hazardous Materials Storage Permit Ordinance 

Saturated Zone - those geologic strata containing extractable groundwater. 

SCWVD - Santa Clara Valley Water District. , . 

. . 
construction and destruction.of wells. (Appendix .A) 

. .  

. .  vapors. 
. .  

Sensing Zone - the point or interval beneath the surface as controlled by the installation 

State Water Well Driller Report - .a State of California form on which.a well driller ' 

construction from which liquid or vapor samples may,be obtained. 

records pertinent information about a well. Water well drillers are required'to . ' ' I 

submit such a report for each..well drilled. 

. .  

/ >  

I 

I 
. .  

Suction Lysimeter - a devise for extracting liquid samples from the unsaturatedzone. . .  
.. . 

$ .  . 
Summary - the summary of the Guidelines.' 

Surface Seal - a',shortencd annul& seal used to insure no contaminents will enter the 

Tank Backfill - that select material used to backfill an underground storage facility: " '  

Tremie Pipe - a conduit. used during 'construction to place materials in a 'well from the 

Unsaturated Zone - those underlying strata that are above the water 'table: 

Vadose Monitoring Devices - devices to be.installed in the vadose (unsaturated) zone for 
the purpose of monitoring. They are classified as 1.) active devices which'include 
vapor wells or suction lysimeters and 2.) ,passive devices such as .tensiometers, 
eiectrical resistance blocks; 'etc. 

.. 

, .  
annular space from the ground surface. . .  

" ,  _ .  , 
' '. .. . $ 

. .  bottom up. . .  
.~ 

. .  . 

- . ,  

. , . .  
,. 

Vadose Zone - the unsaturated zone. 

Water Table - the depth below which the ground is.saturated. 

Well Centralizer - u device used to'center well casing in a tjorehole. 
. .  

' ', . .  

. -  
. (  I 

. -  
. (  I 

.i 

, .. 
. .  

* ,  . c .  . .  . 
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I 
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I 
I 

1 
f 

Well Development - the procedure after'well construction used to assure stabilization of 
the gravel pack envelope and adjacent formation and the production of water free 

. .  
I 

of turbidity. : $ , .  . _  
I 

W e l l  head - the surface portion of the well casing. . , . .  

. .  
. .  . .  .. ' 

. .  . - . ,  , 
. .  

. .  
. .  . ,  . .  

, m . . .  ' : . . .  . 
. .  

a '. . -  . .  

. .  

) . .  
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I’ APPENQIX -A 

ORDiNANCE NO. 756 

I 
, 1  
1) 
1 
II 
I 

I 

AN ORDINANCE OF SANTA CLARA VALLEY 
WATER DISTRICT REGULATING THE CLASSIFICATION, 

CONSTRUCTION AND SEALING OF WELLS. 

. ~.. . . . 
The Board of Directors of the  S a n p  b. T h e  wcll $cad& td%e :ipprop”atciy’ g. “Abatement” means the reconstruc- 

lion; repair or destruction of a well so Clara Valley Water District ordains as protected to .prevent accidental erltry 
and to prevenl.the en tnnc ro f  undesir- as to eliminate a public nuisance. foilows: 

SECTION I: PURPOSE able water o r  foreign matter. h. “General Manager” shall mean the 
General Manager of the ,Santit Clara c, The  wcll is marked so that it can be 
Valley Water District or his authorized 

1.1 I t  is the purpose of this ordinancc to 
provide within the District, for the ulassi- . clearly seen. 

lication of existing wells, the construc- d. The area sunounding the wel l  is kept designee. 
lion of new (vells, tlic dceprninc UT cicar of brush or debris. i. “Inspecting Officer” shall mean ‘a 
existing wcIIs and the scnling 01‘ w c l k  C. Wells used for observation of the ’ person designated by the General M a e  
which uill nwcr  a p i n . b c  used, including moundwatcr arc consldcicd inactive ager and authorized lo ensure that the. 

Provisions of this ordinance are enforc- catliudic protuction W d l s .  uSplorJlOrY wells so long as they are msintained’for 
holes. 2nd WCIIS found tu hc u public this purposc. Howcvcr, such wells shall ed. Such person will be a member of the ~ 

nuiwnce. tu  the cnd th;it such wvclls will k in coinpiinncc with this ordinance staff of the District or the Environ. 
nicntal Hexlth Services. not U:IUSC pollutinn o r  wntilininiitiu~i of and hcir an uppropriate cap. with the 

I,f o,I,cr~(.ise jc,,l,i,rdi,c . hbcl. ”Obscrvaiion Wdl”.and tHe nsmc 
of the agency or organization using Ihc ‘SECTION4: S T A T E ’ i E W R T i N G  . 

4.1 Nothing contained in this ordhance  
I~cilllli. s;l+ty nr  w l f h  ut‘ 11ic P V I I ~ I C  o i  

Well. I t  shal l  bc securely locked when 
shall ; be deemed to releare any person 

thc Ih t r ic t .  
incasureincnts are not bcing made. SECTION 2:. . ’ f. Cnthodic ~IOtCCtion WellS and cased from. compliance with the provisions of 
or uncascd test holes deep enough to Article 3, Chaptcr 1.0, Division 7 of the  CLASSIFICATION OF WELLS 

2.1 All wells uitliin Santa Clara County promote interaquifer transfer of Watcr Code’of the State o f  California o r  
will be placcd into one of ihc fullowng any amendment thereto. moundwater shall be considered inac- classiFfcations. 

live wells. SECTION 5:  PROHIBITIONS 2.2 Active Well - An active wcII is il wcil 
2.5 Permanently Abandoned Well - A 5.1 No person within t h e -  County of that has been utilized a t  lesst once i n  thc 
pcrminently abandoned well is a well Santa Clara shall construct, or.seal a weU; preceding 12 months for thc production 
that wiU never bo reactivated. Wells will unless a written’ permit has fist been of goundwAicr. Adivc well5 within 
not be considered permanently abandon- oblained from the Santa Clara Valley, groundwstcr cliar:e zones of tlic District 
ed until they arc properly sealed in Water District. arc rubject to the Diitricl’r groundwater 

SECTION 6: 
accordance with this ordinsncc. production requirements and require. 

semiannually. of groundmtcr production 3.1 Delinitions of terms shall bc as set 6.1 Application - Permits required by 
slalcmcnts. forth in 1 )  Chapter I1 and Appcndix I of this ordinance shall be subject to condi- 

a. If the pump ham an acrivc wll has the Dcpartment of Watcr ResourFes Bul- Lions set forth in this ordinance or as 
been tcinovcd tor repair or rcplxcmcnt. lctin No. .14, “Water Wcll Standards: required by law. The  General Mallager 
thc well is. st111 considcrcd to bc ah S u t e  ‘of Cdilornia”, 2) “Standards for shall prescribe and  provide a regular form 
active well. During the rcpuir p e r i d .  l h c  Scaling o f  Abandoned Wells”, by the . of application for pcrrriits under the 
thc wcll slrall bc adequtc ly  w v c r c d  10 S;infu Clan Valloy Watcr District and tlic terms of this ordinance. Said application 
prevent injury to proplc and to IITCYC.I%I Clar:l .~OUniY Hcallh DepartmCnt, form shall contain space for the name and  
l l l C  Cnlrlncc “1 UnrlerlrJblu I V i l l V ,  or  rcfcrsnccd in Section 7 of this ordinatice, addrcss of the applicant, tpgcther with 
foreign nialtcr. , und 3 )  :IF wt furtli below: such information as in the judgement.of 

2.3 Inactive Well - A” i k w e  w I I  a. “Pcrson”, 3s used in this ordinance, thc General Manager is necessary to estab- 
sllall mein :my person, association. l i s h  tlic location of the well,.thk purpose means a well t h a t  has not hem used fur 3 

period of onc year or niorc !‘or tlic firm. corporation. municipality. the of .the pcrmit and the extent of any 
production of g o u n d w t e r  bui is main- County of Snnta Clara. special district ’ proposed work. Drawings and specifica- 

lions for any propoied work shall a c c o m  rained in such 3 condition thnt i t  w u l d  be or public agency. 
so used. b, ”District” shall mean the SII~~J Clara pany the application form and shall be 

detailed enough .to demongtiate c o w  a. The ouncr of an irwtivc ivell. if he Valley Watcr District. 
pliancc to the standards. drsirus to place or maintain a xe l l  in c. ”Board” sha l l  mean the Board of 

rhis clmi1ic;liion. shJll obtain from the Dircctors of the Santa Clara Valley 6.2 Fee? -:Fees to cover District costs 
District. a t  intumals S U I  by the District. ’ Water District. required for the review of applications, 
a pcrmit verifying classificatiun UT tlic d. “Environiiienr~l Health Services” issuance of permits and inspection of 

s l ~ a l l  mean the Snnta Clara County work under this ordinance. and  the wcll35 inactive. 
method of.payment of such fees may be 

f. ”Public Nuisance” shall mean any as cstablishcd and adopted by the Board 
wcll or-rundition ihst impam or Ihrenl- from linie to time by r&olution. 
ens lo inipair thc qiinlity oi p u n d .  6.3 Waiver ‘or Payment of Fees and 
MIICI or o t l i c r w m  jcopardizc the hc;ilth .Costs, Hardship Clair& - A t  the rccom 
or W I c i y  o f  the puhlic. inendnuon of the General Manager and 

’ 

’ 

‘ 

pursumt to thc District Act, t h  liiing, SECTION 3: DEFINITIONS PERMIT PROCEDURES 

2.4 A s  luril ier evidence (if thc oi$ncr’( I<rivironnir.ntal I l r ~ l t l i  Scrvicuc. 
inlunt iun Tor cuntinucd use and .A\ cun- 
dl1lOll.i &It tllc.pcilnll. I IC rll:III yrtl(’vrly 
nwint:iin the w d l  i n  such il I Y : ~  that :  
3. The wcll liar no ddcc ts  which WIII 
pcriiilt t lw Ii1ip:iirment of qWJlilY or 
water in t h c  ucll or in,thc wtcr-beilrmp 
formations I w ~ c t n t c d .  
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I 

I 
l l l i l l l  lllilll noti1;o 111 wrltinp.o(' l l l C  .d;,tc 
ttiurct~l' t u  tlie u ~ ~ p l l w t i  i t 1  IWH~ live is) 
iluyr I i c l i~ ra  the IwurinK dntc. 'l'.lic dcci- 
IIIW '4 the Ilaaril shall be l i d  and' 
hinding upon all putics. 

' SECTION 7: STANDARDS 
j 7.1 Standards for the construction, or 

scaling (pewxancnt abandonment) of 
' wells will be in accordance with the latest 
' revision of "Standards for tho Construc- 
, tion of Wells, Santa Clara County" and 
' "Slandards fox Ih? Scaling of Abandoned 
' Weus, Santa Clara County" prepared by 
' the Santa Clara Valley Wdii Construc- ' 

tlon/Sealing Standards Review Com- 
inittce in cooperation with the Santa 
Clara Vallcy \Vatu District and the 
Knvironiiienlai tlcalth Syrvices. 

SECTION 8: ENFORCEMENT . 8.1 Notice of Violation - In the event a 
well subject to this ordinance is found to 

, bc a public nuimnce constructed or scaled 
, contrary to the tcrms of this ordinance ar 
' lhc permit issued pursuant lo this ordi- 
' 1IJncc. the General Manager shall give 

wrillen noticc to the owner of tlic land us 
shown on i hc  most rcccnt cquaiizcd 
asscssmen) roll. or to the perinittee at tiis 

I addrcss listed on the permit if a permit 
' has been issued; which natiuc shall state 

thc nature ot' the violation. thecorrectivc 
' nicasurw 10 bc taken, and a reasonable 
i time within which sttcfi corrections must ' be mndc. Said notice shal l  include a 
b statement that  it' the landowner or per- 

niittec fails to n u k e  corrections within 
the period specified. the District may 
abate thc condition a t  owner or permit- 

8.7 Abatement by District - if thc COI- 
rectiond listed in tlic notice given pur- 

'sU2IIt to 8.1 ahovc arc i iot made as 
requircd in slid notice. the General Man- 
a g r  wlh  llic ;~ppruvtil 01' t he  Hoard, nnd 
die t  :I rcsswoblu oplwrtunity Tor tile 
pcrron noiilicd t o  I~L. hcird by said 
Uoard. iuny 3 b l k  tiic condition Thc 

j o ~ t t e r  nr pcrniitice shall bc liable For t i le  
,cnst thereof. 
8.3 Emergency Abalcmcnt - I f  tltc 

: (;cncral hlandgcr finds chat a well subfict 
to this ordmmcu IS. by reason of condi- 
tion. operation or mintenonce. causing 
signiticant i r repmhlc danlege to the . 

' g roundw~tc r  or prcrcnts an immediate 
dangcr to heaitlt and saiety, and that it is 
inipracriciblc 10 notiiy t l te owner or 

rperniiltn~. thc tiencrnl ittllnngcr mity per- 
'form uinergency work neceswry to abate 
the condition without giving notice as 
rcqit,ircd in 8.1 above. and the owner of 
the land 2s shown on thc last cqualized 

!assessment roll. shall bc liable for the cost 

' tcc's c.xpense. 

[thCreQi. 

SF.crION 9 
9.1 Contlictu . r\il u r d i ~ t ~ i n w ~  o 
District in conll ici witl, t h c  l a i n  
conditions of this ordinance arc h 
rcpciied to the extent of such Connie . 
SECTION IO 
10.1 Severability - If soy  scctiun. su 
section, parawaph, subpara$ra~~il, sc 
tcncc, clause or phrasc or  lhir ordinan 

!is for any reason held to hc iitvalid 01 

unconstitutional, such invaltdily or u 
constitutionality shall not aticct 1 
validity or constitutionality o i  thc '  r 
maining portions of this ordinrnco; an 
the Board deelarcs that this ordinam 
and each secZion3 subscction. ('Jrapapi 
subparagraph, sentence, clause 2nd phrJ. 
thereof would have been adopted irn 
spective of the fact that one or niorc 

.such section, subsection. p m f s ~ p h ,  II 
parapraph. sentence, clause or plirilsc i 
declared invalid or unconstitutional. 

SECTION 11 
11.1 This ordinance shall take cffcct an 

'be in force in thirty (30) days irom an 
after the date of its passa.? and befor.. 
the expiration of fifteen (1s t  h y s  aitr 
its pnssa~c it  shall bc puhlidicd onc 
with the names of thc mcmhrrr \;Ollnr 
for and ;!winst the sume in the SJn SNJX 

tion published in fhc  County O f  , e  Sa 
Mercury, a newspaper of gcneral circ 

Clare. 

PASSED AND ADOII'CD by thc 
Boxd of Directors of Smth  Clara V~llr) 
Water District on  October 14. 1975, b) 
the following vote: 

AYES: Directors: J. Chirl. \L I< 
DuUcu, P. T. Ferraro, .I. J. Lcnllirn,,E. A 
Mirassou, C. Rush, R. T. Snpp. 

NOES: Directdrs:'Nonc. 

AUSENT Dircclars: Nonc. 

. .  

ll 
SANTA CLARA VALLE1 

Clerk of wid 
Uoard of Dircctars 

1 Aincnded Juiy'27, 1916 

1 
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APPENDIX B 
.' - 

STANDARDS FOR THE CONSTRUCTION OF WELLS 

PURPOSE 
'The p u r p o s s  of s1;ind;irds for wcll 

cun~tructioii im not only t o  provide 
;~dctlu;~tc p ~ o t c ~ t i c i n  Of wiilur in wells 11111 

c y u l l y ,  i f  nut i i i i i r ~  inil~irtantly. 10 
lprotcct .:tnd p r w r v c  tlic gruundwwtur 
supldy in quifcrs I'or future u. 
p u r p s c s  arc ti l  bc accaniplishcd by prop- 
crly locating tlic well situ, by requiring an 
:inn(il:ir sc:d i n  tlic iippcr purlion of llic 
well to prcvcnt well contiinkmtiun from 
swl:icc SOIIICCI. mid Iiy q>ccifying .cum 
struclion rcquircincnts tu prcvcnt intcr- 
nquifcr Irdnslcr ur mixing of degndcd 
groendwatcrs :vith good quality waters 
through WCIIS. ,l.'urtlicrmorc, wells prop- 
erly conslruclcd could bc cisily and 
adcqualciy destroyed after their useful. 
ncss is over without havin% to resort to 
coniplicatcd and expcnsivc procedures in 
ordcr to protect the aquifcrs. The pro- 
tection of groundwater supplies is a com- 
plcx problcin ..:and. although poor well 
construction ,nay no1 lx the prinoipol 
causc uI groundu,alcr wntan,inatiw, t h e  
pnilrlorn 01 xpiil'er ctm?attiination mu51 
lie attacked from all pw.ible a s p e c k  

W/\TI:H WI,LL I.OCATION WITH 
R I W I X T  TO CONTAMINANTS AND 
YOLLWI'ANTS 

All uli~lui wells shall bc loc;itcd an 
xkqui i lc  l i w m n t a l  dirtancc liom potcn- 
lid \wrccs oI' \lantiiinination and p d u -  
tion, hlwt  or llic f k t r m  invulvcd in 
dcturnining wfc dislances arc usually nut 
known. The lollowing dislanccs. on the 
basis o f  past cxpcricnoc and gcneral 
knowledge, arc safc wltcrc dry upper 
unconsolidated formations, less pcrmc- 
ablu tlian sand, arc encouplered: 
Sewer 50 icul 
Subrurfauc scwagc Icachivg field, scptic 

Ccs\pool or sccpagc pit I50 fcct 
N o  wstcr WCII iliilll hc l o c ~ t c d  closer than 
the above distdncer from the specified 
courccs uf contaminiition. Wherc, in thc 
opinion 01' ilic cnforcinp agency, advcrsc 
conditions cxiht, t h c  usu.11 distanccs sliall 
bc increased UT special ineans or protec- 
tion sha l l  be providcd. 

If possiblc. the well shall be u p  the 
poundwater gradient (upstream) from 
the specified source of contamination. 
WATER QUALITY ZONES 

tank. or pit privy LOO rcct 

Since subsurface conditions vary,froni 
placc to place, the standards must be 
formulated so as lo conform to the 
graundwatcr geohydrologic and water 
quillity conditions of the specific areas 
within tlic ground water basins of Santa 
Vhra Vc~unty. I'or well constiuclion and 

t 
~- 

I 
~~~ ~ ~~ 

SANTA CLARA COUNTY 
(Abridged) 

scaling purppw. the groundwaicr basins 
of Santa Clara County haw hccn divided' 
intu tlirc6 w;ltci qu:ility zimus. %onc I .  
wliiuh ir tlic larg~xt Iportioii "I. thc iinsins. 
rcprescnts tlic areiis wlicrc thc quality 01' 
walcr at all pumping depth intervals is 
gcncrdlly good, Zonc 2, n w r  San Francis- 
co b a y .  is ;! niult l~~iiulfcr mil whore thc 
shallow zonc 10 10 I 5 0  f w t )  may be 
oontainin;itctl or could hccontc coniani- 
inalcd hy sea witur. 111 Zone 3. the 
Everbxcn arcas dcgradctl quality wiltcr 
occurs k l o w  a dcpth of 300 fcct with 
good quality wtcr  ovcrlying this Zone. 
Thcsc water quality 7.0neS arc dclinealcd 
on Figure 1, 

The bcdrock nreils outside the ground- 
water basins hevc their individual potcn- 
t la l  problems a n d ,  well constrimion 
requircmcnts Tor thcsc arcas arc als'o 
included in rhcse standards. 

WELL CONSTRUCTION 
REQUIREMENTS 

All wells ;arc to hc constrlictcd iii ruch 
i t  w y  t l u t  they will nut scrvc :IS ii 

cliunncl allowing rurl'acc waters tu enlcr 
thc groundwiltcr hudy nur will tiicy w v c  
as il o1i;mnel f u r  iiilcraquifcr groundwater 
flow wlicn such a Ilow may result in thc 
deterioration u i  1111. quality i n  ilny or ;ill 
w.itar-bcaring rornlations pcnolratcd. The 
following p a r q p l i s  prcsknt c l i l n i p l ~ s  of 
wcll constroclion stindardr l l i a t  r n w t  1Iic 
pr01c~'llon objuctivcc in the various water 
quality zones and in llic bcdrock arciis. I f  
the enforcing agency h d s  that com- 
pliance with 3ny of thc rcquircmcnts 
prescribcd lierein is impractical for a 
particular location bccause of unumal 
conditions and would result in construc- 
tion of an unsrt/sPactory well. the cnforc- 
ing agcncy [nay prcscribc a 1 t c r ~ l i v c  
rcquircmcnti which arc cquivalcnt to 
thcsc standards i n  terms of protccllun 
obtained. 

Zone 1 
in Zonc I. wlierc lliu qualiiy of water 

wilhln lhc groundweler basin is gcncrally 
unimpaired. thc uhjcctivc oT the construu. 
lion standards is tu  prevent well and  
aquifcr contilminalim from rurikuc 
sourccs. Hcrc, i( "gcnurni construction 
standard" will apply which cntails the 
rcquircmcnt of an effcctivc su~fncc seal. 

ornplishcd by the place- 
mcnt.of a neat cement. ccincnt grout. or 
concrete seal in the annular space 
bctwccn the well and '  the wall of l l i c  
drilled hole to a minimum dcpth uf 50 
fcct below tho surliiuc. In rtratiiied tor- 
millions thc ~ C I I  sliould lwminil lc in ii 

.. 
~ 
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!lay or other impermeable materid. 
.Special scaling dcpth rcquirement on an ' 
'individual lrasiq d l l  110 scl Ibrlh hy tlic 
.e!ifotcing agency for application or wcfls 
to be conslruclcd less than 50 fcct in 
dcp$ Thc .scaling matcrid shall bc 
applied from the bottom o f  the interval 
tp be scalcd to thc top in a manner that 
will prcvcnt bridgin& dilution, or segrcgw 
lion of tlic scaling material (by employing 
cilhcr a trcmic pip$ or a pressure grouting 
mcthod). Thc  thickncss of thc seal shall 
bo in accordance with the State of 
California Standards. 

A concrete floor $ab, or base, shall b e  
constructed .afound the top of all 
pumping or injection ivells. The top of 
the floor slab shall slope away from ths, 
casing and the outer edge of theglab shall 
be a t  least six inches above the giound 

' 

. , surface. 
I:or a pump above the surface,"a' 

concrete pedestnl .shall bc consinictcd 
atoll  the floor slab on which tlic putnp is 
to bcplaccd. . 

I:xomplcs. of :~cucplablc sealing con, 
strucliun fa r  Zbnc I for 1 1 0 i i g r ~ ~ ~ l  paikcd 
ivcIIs arc s h o w  on I'igurc 2 and for I 

gruvclpackcd wells on I'igurc 3. 
z o n c  2 

I n  ~ o i c  2, adjacent to Sap ~'rancisco 
Ilay, degraded quality wntcr oitiurs in the , ' 
shallow zonc lo  a dcptli of 150 lbat W i t h  
.goo! qualiiy wutcr in thc lowcr~aquifcrs. ~. 
Thc spcclfic objcctivcs of the wcll con- 
Slruction standards arc to prevent inter-. 
aquifcr flows from the shallow aquifer 
into the lowcr aquifcrs through wells and, 
in (addition, to mect thc ' construction 
objcctivc for Zone 1. In order to accomp- 
!ish thcsc, all provisions stated under' 

,"gcncraI co?struction standards" dis- , 

plus thc cxtcngon of the surface seal into 
? d a y  or other ivpermeable layer at il 

minimum dcpth of 150 fcct. An cxSmplc 
Of ucccp(abk well construction in Zone 2 
is shown on I'igurc 4. 

if il gravel patiked well wcrc to bc 
constructed in Zonc 2, thc conslruction 
of an annulai sea1 as siiown on i'igurt: 3 
would have to bc oxtcndcd into a ckay ' . 
layer a t  a dcpth o f  around 150 feel. 

'Zone 3 
In Zonc 3, the portion of the Ever- 

green area where aquifcis below a depth 
O f  300 feet have yielded poor.qUaiity 
wafcr, tho spccific objectives of rhc well 
construction standards arc lo prcvcnt. 
intcrch.?np vf gruundwatcr bctwcon thc 
lowcr oquifcrs containing minc$izcd, 

. .  

, 

cussed undor Zone 1 shall be employed ! 
! ' 

i 
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UOlI"31C Water mld I 
the depth of t l i e  wcll. i\ll vtlier 

, m u  I sI1i111 I?? (.iri1~1 
l l l C  depth ,,f wells tu I 

I'HOTI!LTION WI(1.l.S 

l m ~ d  on) tltc r vu i l l s  L 

,,I' it 6i!~nl!lp <Illt:iinvd 
r ~ i e .  IU  order t o  uliliiii 

Bedrock areas PrCScn 
channel allouaing surface waters to enter 
'the groundwter body nor will they serve 
as a channel for interaquifcr poundwatcr 

cnctralcd. It is also the 
lhrougli oncnnsr~lldi~ 

illustrited tr i  I'igiire 6. c x a y d c s  A and 11. 

s v u r ~ c s  uf ccmtalnin~ili~n and rcquirjngt (. ' if t hc  wcll is  deeper than 300 feet, llic 
llic construction 01 i i it  ;mnular .sml in Ihc: . annular sun1 would h a w  to bc extended 
iqlpcr purt ivn the well. to a depth of 300 feet as shown in I:lgurc 

I n  the seiectlOn of il well $IC. .l!ic ~ , , 6 ,  chample C, in order 10 protcct the 
conditions listed earlier undcr lh~hei id i$  :-.<.. upper aquifers from rising waters from 
"Wulor Well Locatiun with Rcspcct,to. + ,: " the ,degraded lower aquifers. I f  the catho. 
('onIaininants and I'ullulsnls" shal l  bc: dic protection well is to bc less tban 150 
ubscrvcd. In placcs wlicrc bdvcrsc condi-. .'' feet in depth in Zvnc 2 and less illan 300 
tiuns &st, t i le niinitnun~ distances listed .'' 5 reel In Zone 3,  general scaling requirc- 
t11a11 ~ > c  incrcuaed or rpccia~  inicanr'of 
prulwlivn shall hc provided. .' ^ .  . .. . ' I The top of tlic well s l ia l i  bc prolcctcd 

111 wdcr to c~~nstruct  tlic up@i ariiiu-. . agins t  tlie entrance of . w r w  Wiilcr 
I;,, S t i l l .  an ,,YcrliLc i l 0 l C  l i l U E l '  be citn- draining, I'roin the surrounding kind hy 
r~ructcd  1 u  IIIC dcpih and dismetc; ic- .', " hSVJlhliUn oI. wbtcrtiglil cq~ ,  uovcrs, 
quircd l o r  III~ seal and caiing insballei'(u o r  siniililr dvviccs. In dnioagc. WAY,. 

w h i n  lhc SUBI. A l l  p u b h  ,water supply igliways. sirccts. p a ~ d  Iur. 
we lk  including individual domcstLc <$lk, s (such 3s parking 101,s. cqu ipnwt  
to Iw cunstrucled i n  bcdtxK.,in,xu,b.  clc.), sidewalks, 2nd Llie liky,, t h c  
divided lands under 1Iic jurisdiction pciiic of the wcll shall tcrminatc above. o r  

' County Land Dcvelopment Regulations protected againrt. known 
shall incorporate ~t lcnst a 50-Ioot annu; flooding. .When cxtcndcd 
lar seal from the surface. PubliC.uf(!er ground surface. fhe'vent p i p  rliall 
supply wells constructed in..@+ock:.ae a t  the rcctifler housing or 
310 subject to 1.nvironmestal Huailh. vc housing at  an clcvativn 
Services approval bcfurc bei.9: placed inlo,  is 3bOVe known conditions of 
mvice. Ibor inaividual doipestic viis on ' . .flooding. 
I.indr not tubjcr: 10 L ~ ~ l ~ ~ : . ~ ~ v c l o p n l ~ n f ~ ~  The diameter of the vent p i p  is to bc 
l<cguIIIII"n\ S l l i l l l  also 1ncorp ze in order to be properly 
50-l'001 i i n n u l x  'iwi froni, tlie backfilled when the useful life of the 
unless 11,esc WIh are IUSS +!" w a d e  has expired (sealing of an abandon- 
i l c c ~ .  1 . c ~  I~WS?  welt\. i h u  anniul 

' 

-<*:..mcntsas lor zone I slra~l apply. 

,. 

' 

. 
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I REFERENCE 
Rcfercncc is made to the unabrklgcec 

version of the Well Construction Stand- 
ards for a more detailed account of ihr 
purposes, objectives, and ivcl l  i v n s t r u ~ .  
lion requirements in addition to thi. 
bibliography and othcr pertincnl infortna. 
lion. The Well Construction Standards i. 
one of two docutiients pcrloining t i l  
water wcll ordinzincc, the cowpanloin 
docuincnt being "Slandardn fat. the Scab 
inr of Abandoned Wells, Santa Chra  

I 
1 

C&nty': October, 1972. The "Scalin 
Standards" nlso contilin as Appendix A 
"(:eolo~y", Appcndlx C.- "Vcl'inition L U 
Terms", and Appendix I) "Wulei 
Quality ('rilcria'' which wi l l  not bl 
.repeated in I1)c Wcll ('onstroctior. 
.Standards Ihcuincnt. 

The gcncrnl rcqulrclnents :ilong witlt 
specifications on Rruccdurc, m8terials 
surface construction fceturcs, disin 
fection, water quality sampling, ;md othe, 
partinent features cbnfvrm to ('haptcr I! 
of California Department 01 Watci 
Resources Ibulletin 74, "Wtiter Well 
Stankirds Stale of California", 1,cbruar) 
196R. except wlicrc exceptions i m  noted 
in Ihcsc Stignilsrds. 

1 
1 
I 
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r L . l l l E  IO P E C T l F l E R  

ay S E A U A T E R )  .j 2 

I (NOT TO S C A L E )  

GOO0 Q U A L I T Y  

! 1 1  

4. CENERAL H E Q U I R E ~ E N T ,  B. . ? E A L I N G  REQUIREMENT FOR c. S E A L  I llG H E W 1  REIIENT FOII .WELLS 

' WELLS DEEPER THAN 750 DEEPER 'THAI1 300 FEET. I N  
' FEET 111 .ZONE 2. 

ZONE 1. 

ZONE 3. . ,  I ' ., 
. .  

. .  
FIGURE 6 .  'EXklPLES OF SJAlING CONDlTlCNS 

CATHODIC PROTESTION WELLS 
. 

. .  
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PUKYOSE 
TIw purpose of .slandards for the 

scaling of abandoned wells i s  to protect 
and prcscrvc llic groundwater supplies for 
future uses and lo cliniiniitc t h e  putciitial 
physical Iiamrd t1i:it w s t s  frmi wcII< 
t l ~ t  iirc J L O I  I r i ng  u a n l .  'This i r  l g t  1 h s  

a~~tii i i l i l isl iccl by rcstonw. :is iiu:irly :I\ 

I > m d i l v .  t1111sc s i i f i s u r l ; ~ ~  condi l i iw 
Wll lCl l  U I I S l I 4  Irclarv t l l C  wel l  was CL,W 

s t i i i i ~ t l .  Sincc ru1wrl;icc conditions vary 
fruni placc 10 pldc~., SUUII standards niust 
hc Ibrrnulsted so ar lo conlorin lo tliq 
gwundwatcr geohydrulogic and water 
qudily cunditions nf the specific areas 
within t l i c  groundwater basins of Sanla 
Clara County. 

WATER QUALITY ZONES 
l .ur  w d l  scaling purposes. the ground- 

w:$1cr basins of Santa Clara County have 
bccn divided into three wafer qualily 

d on t h e  differcrcnt quality of 
waters prcscnl and on the local geologic 
conditions. Zone 1. which is the largcsl 
portion of llic basin. reprcrcnls thc areas 
ivlicre thc qualily of water at  all pumping 
d e p t h  interviils is gcncrally gwd. Zone 2,  
nc:ir San b'rilntiscu lhy,  is a iiiul1i:iquifcr 
xcii where 1 1 1 ~ .  sli:~IIow r.bnc (I1 to 1511 
fwt) may hv cun1:imiiialcd ur could 
bC"Ll,ltC contarrlinatud by ScawBlcr. In  
%"OC 3. 11,e 1:vrrgrcun area. degradcd 
quality w:jlcr occurs below a dcplli of 
300 feci  w t h  guud quality walcr over- 
lying this zonc. Thesc water qualily zones 
are dclinualcd on Ileure 1. 

WELL SEALING PROCEDURE 
All "absndoncd" wells sha l l  be des- 

troyed in suCli a way tliat they will no1 
produ'c waler or act  as a ullannel for l l i c  
inieruliange of watcr, witen such i n k r .  
~ l u n g c  mry resu l t  in delcriurelmn of thc 
quality n f  wdtcr in any o r  a l l  watcr- 
huarim l u r m ~ t w m  pencirstcd. o r  present 

STANDARDS 
FOR THE 

SEALING OF ABANDONED WELLS 
SANTACLARACOUNTY 

(ABRIDGED) 

I'lgurc 3 a hazard to the .safety and well.being o f  
people and animals. 

Zone I 
I n  Zonc I, where thc quality o f  water 

is generally unimpaired. the objective of 
fhe sealing slandard i s  to prcvent contam 
ination of !he aquilcr irom suriacc 
sources. Iicrc. a "gcnrral sealing stand- 
ard" u l l l  apply Which \vIII entail the  
filling of l l i c  well with an impcrvious 
filler niaterial linorgmic soils of low 
perombilily, bentonite, concrctc. or 
cemcnl gout1 from the bolloni of the  
wcll lo 2 dcpth of 50 fceL The upper.50 i 

Zone 3 
I n  Zone 7. t l i c  purtiun of the liver- 

peen a m  u'ltere aqujicrs belou: a depth 
of 300 feet lime yielded poor quality 
water, i t  i s  tllc objeclivc of llic wcll 
sealing standard 10 prcvent intcrcliangc of 
water betwccn thc lower aquifers contain. 
ing mineralized conn:ltc w:ticr and thc 
upper unimpaired w t e r  quality aquifer,. i 

In otdcr to avcomplisli t l i i s .  al l  pruvi,ions 
slated under "gencial rciling st:indarrls" 
i n  Zone I s l i i i l l  he employcd plu, the  
placement of an annuiar seal opposite il 

. . . . . . . . . . .  48 
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Figure  2 ( a )  W e l l  
W i t h  G r a v e l  Pack 

F , igure  2 (b) W e l l  
W i t h o u t  G r a v e l  Pack 

NOT TO SCALE , I  

F I G U R E  2 .  T Y P I C A L  S E A L I N G  FEATURES O F  DESTROYED WELLS 

50 



Ground Sur face  
P A \  A . d  

< .  

. 

. .  

Impervious Grout ' 
Seal o r  Concrete  ---+ 
Placement of seal i n '  
g r a v e l  pack (or 
i n  annu la r  open-. 
i n g )  through new 
p e r f o r a t i o n s  oppo 
s i t e  c l a y  l a y e r  

g e n e r a l  w e l l  
Depth t o  which 

" i n g  s t anda rds  
would app ly  - : 

50 f e e t  

New p e r f o r a t i o n s  fo r '  

( o r  c a s i n g  i n  upper I '  

removed). i 

n e a r  s u r f a c e  s e a l  / 

p o r t i o n  can be 
-30 

U O U  
4 N 4-1 
U 
TI !-I 0 
!-I E x i s t i n g  P e r f o r a t i o n s  v u 4  

m c  

AQUIFER(S) .OF GOOD 
QUAL1 !tY WATER 

I 

t 
I 
I 
I 
1 
I 
I 
a 
I 
1 
1 
I 
I 
I - 

,NOT TO SCALE 

I 
FIGURE 3 .  TYPICAL SEA~ING FEATURES OF DESTROYED WELLS FOR ZONE 2 

. ,  
. .  

, ( f o r  , g r a v e l  packed wells) 
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Ground Sur face  Nat ive s o i l 7  
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w e l l  s e a l i n g  would 

can be removed) 
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Placement  o f  s ea l  i n  
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E x i s t i n g  Gravel  
Envelope 
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I NOT TO SCALE 
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. ,  FIGURE 4 .  TYPICAL SEALING FEATURES 

. ' !  

( f o r  g rave l  packed w e l l s )  4 

OF DESTROYED WELLS FOR 
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s ~ e  s Brine Pollution at Fresno - 
Twenty-Six Years Eater 

0 by K. D. Schmidta, J. A. Krancherb, and.G. Bisel, Jr? 
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ABSTRACT 
Chloride pollution of ground water';uas discovered in 

1953 downgradient of seepage pits and wdls used for 
disposal of wastc watcrs. An ice plant and water softening. 
plant at the Frcsno railroad yard werc-the sources of 
pollution. A plume of polluted ground water was delineated, 
and thc discharge from the major source (the water softening 
plant) wasstopped.in 1953. Sampling in the late 1970's 
indicated that high chloride contents werc still present in 
ground water downgradient of the railroad yard. The 
plume expandcd both vertically and horizonially in the 
aquifer, from a volume of about 1,500 acre-feet (1.85 
million cubic meters) in 1953 to  15.000 acrc-feet (18.5 
million cubic meters) in 1979. Trilinear diagram plots of 
waste waters and ground water indicate that waste water 
from the ice plant continued to produce an impact into the 
1970's. Rechvgc from canal seepage has created an 
important boundary, pardcularly on the west side of the 
plume. Thc rate of ground-water flow, calculared on the 
bFis of the advance of the chtoridc front, was about. . 
200 fect (61 meters) pcr year, in close agreement with 
estimares hascd on water-level slope and aquifer parameters. 

IMTRODUCTlOt\d 
In the early.I950's, anomalously high chloride 

contents were found in grounci water near the 
Southern Pacific Railroad yard, about two miles 
(3.3 km) northwest of downtown Fresno in the San 
Joaquin Valley, California. Some wells were 
sampled by the local health authority after 
complaints by several owners of w e b  located 
southwest of the yard. The complaints concerned 
the appearance of high salinity and hardness in water 
from wells that previously had produced water of 
excellent quality. Following the preliminary 
sampling, the Fresno County Health Departmenr 
sampled water from numerous wells in the area in 
April 1953. A chloride content exceeding 1,000 
mgfl was found in water from one well, whereas 
background contents were generally less than 20 
mgll in the Fresno area at that time. The 

Ground-Warer Quality Consultant. 1111 Fulton Mall. a 

bsanitarians, Fresno County Health Department, 

Discussion open until July.1, 1981 

.Suite 306, Fresno. California 93721. 

Environmental Health Services, Frcsno. California 93721. 
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California Division of Water Resources (1953) then 
commenced an investigation of wasre disposal 
practices and giound-rvater qual i tpear  the yard. 
As a result, the major source of pollution was- 
eliminated. The objective of the authors is to 
update information on this occurrence of high 
chloride ground water and to interpret changes in 
quality with time and causative factors.. This . 
information is of greae interest because it largely 
reflects the effect of cessation of a waste discharge 
26 years previously. Thus, i t  is a valuable case 
history in terms of implementation of control 
meawres for sources of ground-waterpoltution. 

WASTE DISCHARGES.- 3 

The.two most obvious sources of the high , 
chloride contents in ground. water neat the 
railroad yard were an-ice planr and water 

water for both plants was pumped continuoudy at 
abour750gpm(47.3 Ips) in 1953.hptocesswas . '  

used az the ice plant whereby brine was cooled 
and then used to freeze water to make ice for 
refrigerator cars. A continuous flow. of 80 gpm 
(5.1 Ips) of ice melt and overflow from brine 
dipping tanks was discharged to a collection sump 
and-thence to seepage pits. During the peak of 
operations, an additional flow.of 200 gpm (12.6 
Ips) was disch'arged to nvo disposal wells. Pits 
and wells were considered necessary for disposal 
because of the presence o$ a nearly impermeable 
ironsilica hardpan near the land surface, which 
precluded use of percolation ponds. Shallow 
dry wells were originally used; however, their 
capacity was inadequate and thus they were 
deepened. One was deepened to 60 feet (18.3 
meters), about I O  feet (3.1 meters) below the 
ground-waterlevef in 1953, which was 50 feet 
(15.2 meters) below the land surface. 

The,watcr softening operation made useof 
the sodium zeolite process, whereby pumped 
ground.water was softened and used for locomotive 
boiler feed water. Thc spent zeolite was regenerared 
by washing with a mixture of saturated sodium 

softening plant at ihe'jr&d. The well supplying C. 

. ' ' 

12 Reprinted from the January-February 1981, Volume 19, Number 1 issue of Ground Warw 
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Fig. 1. Location of waste discharge-sites and highchloride ground water in 1953. 

chloride solution and well water. The resulting 
calcium and magnesium chloride solution was 
discharged to a sump. The filter used in the 
process was backflushed with well water before 
and after regeneration. Waste water from back- 
flushing and regeneration was discharged to a sump 
and rhence to a seepage pit. A total of 15,000 
gallons (57 kiloliters) of waste water was 
discharged during each regeneration cycle. This 
amount of waste water contained 250 pounds 
(1 14 kg) of salt. Regeneration cycles were generally 
conducted at 18-hour intervals. The exact depth 
of the pit used for disposal was unknown, but was 
reported to be greater than 30 feet (9.1 meters). 
Figure 1 shows the location of both waste discharge 
sites in 1953. 

COMPOSITION OF WASTES 

and one disposal well at the ice plant in May 1953. 
Water samples were collected from the sump 

Composite samples indicated that the chloride 
content was usually between 200 and 300 mgA, 
and rhe elecaicaI conductivity was usually between 
900 and 1,000 micromhos per centimeter at 25°C. 
Water samples were also collected at the water 
softening plant in May 1953. Sodium contents of 
discharged waste water ranged from 400 to 
3,400 mgfl and chloride contents ranged from 600 
to 12,000 mg/l (California Division of Water 
Resources, 1953). Table 1 contains chemical 
analyses of wastes from the discharges at the 
railroad yard. 

EXTENT OF CHLORIDE PLUME IN 1953 

unconsolidated Quaternary alluvial deposits. ’ 
Substantial groundwater production is possible 
from highly permeable sand, gravel, and cobble 
deposits. Specific capacities average about 70 gpm 
per foot (14.4 Ips per meter) for wells about 200 

Ground water in the Fresno area is present in 

I3 

. .  
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' to 300 feet (61 to 91 meters) deep. The direction 
of ground-water flow in June '1953 was determined ' 
from about 40 water-level measurements in wells 
near the yard. The direction of flow near the 
railroad yard was primarily westward. A water-Ievel 
contour map prepared for those measurements 
indicated recharge due to seepage from several 
irrigation canals traversing the area. 

wells in the vicinity in June and July 1953. At this 
time most wells.in the area.had been drilled by 
the cable-tool merhod and were open-bottomed 
(equipped with unperforated casing). Figure 1 shows 

. .the losarion o.f high chloride. contentin ground. 
water near the yard in 1953. A plume was 
delineated, extending to  the south and southwest of 
the railroad yard. The.plume covered an area of 
about 200 acres (80 hectares) in 1953. The 
maximum chloride content in the ground water 
was 840 mg/l, found a t  a well about 2,000 feet 
(610 meters) south of the disposal sire for the 
water softening plant. Excep.t.for this well, chloride 
conrents in waterfrom wells in the plume were less. 
than 300 mg/L The maximum longitudinal extent 
of the plume in 1953 was about 3,700 feet (1,130 
meters). Because chloride is mobile in rhe soil- 
aquifer system at Fresno and contents are low in 
the native ground water, i t  can be used as a 
tracer. Waste water had been disposed at the yard 
for about 20 years by 1953.; thus the rate of 
ground-water flow was about 190 feet (58 meters) 
per year. Only wells less than 100 feet deep showed 
the effecrs of waste disposal. The vertical exrent of 

> 

Water samples were collected from about 40 

the plume was limited to theupper 50 to 80 feet 
(15 to 24 meters) of saturated alluvium. The volume 
of polluted ground water in 1953 is estimated to 
have been about 1;500 acre-feet (1.85 million 
cubic meters). 

The water softening planr. which was 
considered to be the major source of pollutian, 
was voluntarily closed downin fuly 1953, and 
there wasreporredly no further discharge from 
this source. However, discharge from the ice plant 
continued, apparently into the 1970's. About 
one month after discharge ceased from the water 
softening plant, water samples were collected from 

Division.of Water Resources (1953) reported large 
decreases in chloride content in thc water from 
tUio wells and slighc decreases in water from some 
other weIls in the plume: These changes were 
attributed to the cessation of discharge, and the 
problem was apparently considered to be solved 
by the healrh authorities. Later data presented.by 
Schmidt (1977) and. Nightingale and:Biinchi 
(1980) indicated-thar these rather sudden 
decreases in chlon'de contenr were likely due to) 
either season$ orshort-termvariations in chemical; 
quality due to pump operation and pumping. 
patterns, as opposed,, to the . .  cessation of discharge; 

EXTENT OF CHLORIDE PLUME . IN . 1979 
There was only .occasiod sampling in the 

vicinity of the plume between 1953 and 1978. This 
limited sampling indicated that high chloride 
contents continued to persisr. through the late 

the previously sampled wells. The California - -. 

' 

. -. . 

Table 1. Chemica! Analyses of Wesfe.Dischargea at Southern Pacific Railroad Yard 

Ice Plunt Water Softening Plnnt - 
Constituent (mg/l) No. 1 No. 2 No. 3 

14 47 1 1.950 1.50 ,. 
79 

Calcium 
Magnesium 7 288 1.140 
Sodium 181 , 63 3.360 1,860 
Potassium 6 20 87 30 
Carbonarc 0 0 0 0 

62 .65 92 - 65 - 96 
5 

Bicarbonate 
Sulfate 
Chloride 260 1.710 12.000 3.350 
Nitrate 8 

Total Hardness (CaC03) 62 2,359 . 9,550 700 
PH 7.2 7.0 7 -4 . 7.0 
Electrical Conductivity 
(micromhoslcm Q 25OC) 964 5.190, 30,400 9.830 

Total Dissolved Solids 593 

Date 512 115 3 5120153 5120153 512015 3 .  

ISarnp1es;for the ice plant were taken from the waste-water sump. Samples for the water sofrening plant were taken from 
overflow Jveir box from backflow through filter. Data from California Division of WatcrResources (I953)J 

14 

- c - 
- - - Fluoride 0.2, 

- 18,700 - 

I 
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Fig. 2. Location of high-chlorids ground water in 1978. 

1970's. Interest by local residents lead to a 
detailed sampling program in the vicinity and 
downgradient of the plume in 1979. Approximately 
80 domestic wells were sampled and analyzed by 
the Fresno County Health Department, Environ- 
mental Health Services. All samples were analyzed 
for electrical conductivity and chloride and 
selected samples were analyzed for the major 
inorganic chemical constituents. 

Figure 2 shows the location of the chloride 
plume in 1979. The persistence of ground-water 
pollution, even in an area with substantial 
recharge, is illustrated. The major factors influ- 
encing the location of the plume include the rate 
of ground-water flow, the direction of ground-water 

@ flow, recharge from canals, and local pumping 
patterns. Due to overdraft in the Fresno urban 
area, the water level had fallen to a depth of 85 

. 

feet (26 meters) by 1979. The direction of ground- 
water flow was to the southwest in 1979. 

By 1999, the downgradient edge of rhe plume 
extended about 9,800 feet (3,000 meters) 
longitudinally from the sites of waste discharge. 
The plume covered an area of about 800 acre; 
(325 hecrares) in 1979. The highest chloride content 
in ground w a t c h  &e plume was 490 mg/l,.for a 
well about 2,300 feet (700.meters) southsouthwest. 
of the former disposal pit for the water softening 

plume were less rhan 180 mg/l, except for three 
wells. Based on the location of the doamgradient 
edge of the plumein 1953 and 1979, the rate of 
ground-waterflow was about.230 feet (70 meters) 
per year. This estimate and the one for the period 
prior to 1953 are in close agreement with that 
based on,aquifer characteristics and water-level 

' 

plant. ChIoride contents in ground water in the . .  
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'slope. Using an average slope of seven feet per 
mile for recent decades, a transmissivity of 110,000 
gpd per foor (1,370 square meters per day), and 
an estimated porosity of 0.40, the rate of ground- 

. 

water flow iscalculated to be 180 feet (55meters) 0 peryear. - L -  

The vertical extent of the plume in 1979 has 
not been determined in detail, because of a lack 
of deep wells in the vicinity. However, several 
wells in the plume that were cased to about 
180 feet (55 meten) in depth havebeen affected 
by the waste discharge. This indicates that pollution 
extended to  a depth of a t  least 100 feet (30 meters) 
below the water table in 1979. In addition, a welI 
(T13SlR19E-25C) was drilled by the cable-tool 
method within the highest chloride area to  a depth 
of 222 feet (68 meters) in August 1979. Water 
samples were collected during drilling by bailing 
from nine different depths between 100 and 220 
feet (30 and 68 meters). Results of analyses for 
sodium, chloride, and electrical conductivity 
(Table 2) indicate that the plume extended to at 
least 220 feet (68 meters), or about 135 feet 
(41 meters) below the water table. Thus the plume 
spread vertically, as well as horizontally, in the 
26-year period. The driving force for the downward 
movement of waste water in the aquifer likely has 
been vertical head differences, but also could be due 
to the high density of the disposed brines. This 
would be similar to a phenomenon observed by 
Kimmel and Braids (1980) in a plume from landfill 
leachate in Long Island, New York. Interestingly 
enough, samples collected from above a depth of 
130 feet (40 meters) indicate that the upper 45 
feet (13.7 meters) of the plume have been diluted 
by local sources of recharge. The most likely source 
is seepage from the Victoria Canal, which is adjacent 

Table 2. Results of Depth Sampling for 

\ 
1 

- I  

Well T13S/R19E-25C, August-September 1979 

EIechicul I 
Conductimty 

Deprb Sodium Chloride (mic7omhos/cm 
cfeee) (meters) (mg/t) (mg/l) @ 25OC) 

100 30.5 110 178 1,100 
, 124 37.8 88 169 820 
132 40.3 . . 162. 275 1,225 
140 42.8 160 320 
147 44.8 166 327 1.275 
154 47.0 163 335 1,275 
173 52.7 137 275 1,350 
200 61.0 150 330 1,375 

I 

- 
! 

- 222 67.7 163 338 

(Analyses by County of Fresno, Dcparmcnt of Health. 
Division of laboratories.) 
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to the,well. The Iowest chloride content in well 
water in recent yeais in the area was 3 mgfl for 
well T13S/R19E-2Q, which is cased to 325 feer 
(99 meters) in depth. This well was near the 
downgradient edge of the plume, and the low 
.chloride content.indicates that the vertical extent of 
the plume had not reached a depth of 240 feet 

polluted ground water is estimated to be more than 
15,000 acre-feet (18.5 million cubic meters) in 1979 

CHEMICAL QUALITY C0NSlDERATP;TlOfUS 
Table 3 contains the results of chemid  

ana1yses.of native groundwater near the plume in 
the late 1970's. The water was of the mixedcation 
bicarbonate.type, with electrical conductivity 
averaging about 500 to 550 micromhos. Iron and 
manganese were present a t  moderate levels in waxer 
from some wells. 

Table 4 contains the results of shemical 
analyses of water from wells within the plume in 
the late 1970's. Ground water in the-plume.had 
higher contens of sodium, potassium, and 
chloride and higher salinity than native pound 
water. Whereas chloride contents were usually 
less than 25 mgfl in the native ground water, they 
commonly exceed 45 mg/l within .the plume. 
Sodium contents were ako usudy less tha11.25 
mgfl in the nativeground water, but commonly 
exceeckd 50 mgfl within.the plume. The 
electrical conductivity within the plume 
commonly exceeded 700 micromhos, whereas 
the average was.about 500 micromhos in'the 
native ground water. On the other hand, 
bicarbonate contents were lower in the plume 
than in the native ground water: Bicarbonate 
contenrs &thin the plume were commonly IeSs thar 
200 mgfl, whereas they.averaged aboue 280 mgA 

below the watertable by 1979. Thevolume of i 

I in the native ground wateE. 
Figure 3 is a trilinear diagram plor for native 

ground water, polluted ground water, and the 
waste waters formerly disposed arthe railroad. 
yard. The anion field of this diagram is the mosf 
meaningful, and indicates that water from wells 
within the plume represents a mixnrre of native 
ground water and rechaiged waste waters. In the 
field, water from wells within the phme falls into' 
two categories. The first (wells 24R1,25B1, and 
25D)-plots in an almost identical position to one 
of the samples of waste discharge from the water 
softening plant. Water from these wells contains 
a higher percentage of calcium and magnesium 
than warer from wells in the second category., 
Since the wastes discharged at the ice plant witre 

- .  
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Table 3. Chemical Analyses of Water.from We& Unaffected by Brine Disposal 

T l 3 S / R  19E 

Constitrient (mg/l) 23H 25P 26B 26C 

Calcium 29 20 27 31 
Magnesium 26 25 22 28 
Sodium 26 23 23 23 > 

Bicarbonate 274 286 280 307 
Sulfate 31 15 17 . 15 

Nitrate 22 12 25 18 

Iron CO.05 0.26 0.08 0.05 

Total Hardness (CaC03) 233 244 198 251 

Electrical Conductivity . , 

Date 4120178 2/17/76 6/13/77' 8/28/78 

Potassium 8 s 5 6 f 

Chloride 2-1. 17 ' 25 11 

Fluoride <0.10 0.06 ' 0.10 0.10 

Manganese <0.01 0.06 0.05 0.01 

PH 8.6 7.8 7.7 8.0 

. .  . 
. .  

(micromhoslcm 0 25'C) sia 500 480 580 

Perforated Interval (feet) 85-145 96 O.B. 160 O.B. 48-108 
Perforated Interval (meten) 25.¶44.2 29.2 O.B. 48.8 O.B. 14.7-33.0 

[Analyses by County of Fresno, Department of Health, Division of Laboratories. O.B. is opcn-bottomed well,(unperforated 
casing).] 

basically sodium chloride brines, the first 
category of wells.appears t o  be influenced primarily 
by wastes from the water softening plant. Water 

native ground water and samples of waste 
discharge from both sources. 

from specific wells in the late 1970's indicates 
that values from 150 to 175 mg/l were common 
immediately downgradient of the discharge site 

less than the chloride content in the ice.plant 
discharge (estimated to average 250 mg/l). The 
influence of this source appeared to be limited to 

from wells i n  the second category plots benveen from +e ice plmr. The% vaIues.are.somewhat - 
I 

An inspection of chloride contents in water 

Table 4. Chemical Analyies of Water from Wells Affected by Brine Disposal 

T13S/R 19E . . . .  

Consrinierrt (mg/t) 25B 2 5 0  25G 26.4 26h' 

Calcium 32. 44 33 20 56 
Magnesium 25 25 30 26 26 
Sodium 144 59 25 138 55 
Potassium 10 7 12 8 .  . . 10 

224 165 - 
' 12. ' i6 ' ' 77 

105 Bicarbonate 195 
Sulfate 26 
Chloride 240 165 85 270 125 
Nitrate 13 5 0 18 18 9 
Fluoride 0.06 0.09 0.10 <0.1 0.09 
Iron 0.86. 0.16 0.64 co.05 0.04 
Manganese 0.10 0.04 0.07 - co.01 _ .  
Total Hardness (CaC,03) 214 176 ,272 198 . . 230 

8.4 7.6 8.1 8.3 - PH 
Electrical Conductiviy 

(micromhoslcm 0 25'C) 1200 720 660 77.0 770 
Date 2/14/78 1112176 8/18/78 3/22/79 816U5 

Io' 

Perforated lnrerval (feet) 120-140 170 O.B. I70 0:B. 80-140 152 O.B. 
Perforated Interval (meters) 36.6-42.7 51.8 O.B. 51.8 0.B: 24.4-42.7 46.3 O.B. 

[Analyses by County of Fresno, D,epartment of Health, Division of Laboratories. O.B. is open-bottomed well (unperforated 
casing).] 
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Fig. 3. Trilinear diagram far waste water and ground watef near Southern Pacific Railroad Yard (T13SIR19EL 

the northwestern edge of the plume in the late 
1970's. The influence of the waste water from 
the ice plant appears t o  have extended only to 
near the intersection of Shields and. Brawley 
Avenues, which is about 4,500 feet (1,380 
meters) downgradient of the site of'discharge. 
Based on chloride contents, wells producing water 
with values from 150 to 175 mg/l and down- 

adient of the ice plant discharge site were a umping a mixture of about 60 percent recharged 
waste water from the ice plan~and 40 percent . 

:I native ground water in the Iate.1970'~. 

18 

One well producing water with a chloride 
content of 490 mgll in the late 1970's was 
located about one-half mile downgradient of rhe 
former discharge site for the water sofcening planr. 
Several wells within the highest chloride part of 
the plume produced water averaging about 260 
mgfl chloride confent in the late 1970's. The well 
producing water with 840 mgN chloride content in 
1953 was obviously affected primarily by the 
water softening plant discharge. Assuming that this 
well produced water that was a mixture of native 
ground water and a sodium chIoride brine, fie 



agerage concentration of chloride in the discharge 
from the water softening plant can be determined 
from the trilinear diagram. Calculations indicate 
that the chloride content in the waste discharge 
from the water softening plant averaged about 
2,200 mg/l. The well producing water with a 
chloride content of 810 mg/l in 1953 thus pumped 
a mixture of about 60 percent native ground water 
and 40 percent recharged waste water from the 
water softening plant. Wells producing water with 
260 mg/l chloride contenr in the late 1970's 
pumped a mixture of about 90 percent nadve 
ground warer and 10 percent recharged waste 
water from the water softening plant. This is in 
agreement with the fact that discharge from this 
source ceased in 1953. 

CONCLUSIONS 
A plume of polluted ground water due to 

disposal of high salinity waste waters in pits and 
wells was identified in 1953. The two sources of 
pollution were an ice plant and water softening 
plant at  the Fresno railroad yard. Although 
corrective.measures were undertaken for the 
primary source of pollution (the water softening 
plant), the plume persisted through 1979, 26 years 
after it was first delineated. Although chloride. 
contents decreased in most of the plume, the 
volume of polluted ground water increased tenfold 
during this period. The longitudinal extent of the 
plume indicares a rate of gtound-water flow of 
about 200 feet (61 meters) per year, which is in 
agreement with a determination based on the 
water table slope and aquifer characteristics. 

80 domestic wells in 1979. Chloride contents 
indicate that the downgradient edge gf the 
plume had moved about 9,800 feet (3,000 meters) 
from the discharge sites by 1979, compared to 
3,700.feet (1,130 meters) in 1953. The plume 
extended t o  a depth of at least 1 3 5  feet (41 
meters) below the water rable in 1979, compared 
to less than 80 feet (24 meters) in ~1953. The 
vertical expansion of the plume is' likely due to 
vertical head gradients and possibly to the greater 
densit) of the recharged waste waters compared to 
that of native ground water. Wells downgradient of 
the ice plant discharge site were pumping. a 
mixture containing about 60 percent recharged 
waste water and 40 percent native ground water in 
the late 1970's. Many wells downgradient of the 
water softening plant discharge site pumped a- 
mixture of about 10 percent recharged waste water 
and 90 percent.native ground water in the late. 

Water,samples were collected from about 

1970's. These values are consistent with the fact 
that discharge from the water softening plant 
ceased in 1 9 5 3 ;  however, discharge from the ice 
plant continued into the 1970's. 
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by K.D. Schmidt 
Rccenlly. I was contacted by ii 

local driller who has d?cidcd to 
enter the monitor \vel1 drilling husi- 
ness. He asltcd me as a ground 
water hydrologist. ’What do you 
!van1 in a mnnitorwcll. partiru1:lrly 
i n  tcrnis ofdiametcr?”’I‘liis artirlc 
is a long-\vinded at!s\vc-r to his 
question. 

Most wells that are being drilled 
throughout the country for monl- 
toring ground water quality are 
smaller than? inches in diameter. 
Nany of these monitor wells are 
tioi constntctcd bywatcr\vcll drill- 
ers. Instcad. soil horingrigs.augcrs 
and other equipment arc often 
used lo construct the ”monitor 
wlls“ that commonly range from 
2 to 3 inches in diameter. Sonic 
sirch wells are lictlr mow than 
hnlrs i n  the groitntl wiih soiiiv 
pipe thrown in. 

In my opinion. small-diamrter 
nionitor\vellsare onc.of thcgrrat: 
rst ohstarlcs to sii(~crssfitl grounri 
water quality nionl!oring. Suc*lt 
ivclls hair  many disadvantages. 
l l a n j  have inadeqiiatc gr;i\vl 
packs and annular seals. Sir11 
\vclls can only I)(, sainplctl by ;I 

1imitt.d nunil)rr of mrthr~ds. atid 
rnnst of thcsc pc’rntit the \v i l l i .  
drawtl  of  nwcr  from the  well at 
only a small rate. I n  many situa- 
rions whcrc modcralc or highly 
pr(iductiw aqitifrrs arc presr i t l .  i l  
isdnirahlc to pumj) tnonitor~vvc~lls 
‘at r~iit~sran$ingfrlJmZ~ to50gpni 
for sampling. If pnssii~le. i t  is alw 
dt:sir;ihle to pump scvcral i h o u .  
sand gallons of wa1cr froin 11tc 
monitor \\,ell Ixfore a wit cr s ; i n i ~ ~ l ~ ~  
it.l erillcc.ted for ;tii;ilysis., ’171~ 
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smaller the volume of water with- 
drawn from a nioni tor~cl l~~rior to  
sampling. the less will be the vol- 
ume of thc aquifer reprcsented by 
thc sample. The chemical qualie 
of ground water is often not uni- 
form from pkice to place. particii- 
lady near sources of pollution. 
?‘hrrcc:an beclramaticdiffercnces 
in chcniical qitality a t  various 
depths at a particular location. as 
well as laterally. from well. to well. 
Hecause of this variability. small 
water samples often only rcprescnt 
a localized zone near the well. In 
situatiorts where this is the case. 
hundreds, of thousands of stnall- 
ciianictcr monitor wells might he 
rrquircd at a particular site to 
adequately charxterize thechcmi- 
cal qualily. 

In California a n c l  Arizona. 
small-diameter wells are not coni- 
mntily tlriilctl hy local water well 
drillers. wiiicii is another limita- 
tion. I’revious reports on ground 
water quality m~ni to r ing  pro- 
grams ~iiniitglr~iiit the country 
havc itidicatcd t h a t  many monitor 
\vclls arc not propcrly delvelqied. 
Too small a casiiig diameter can 
grfiitly l imi t  the available dcvelop- 
I l lc . I l t  n l~~ tho~ l s .  It1 many small. 
(I\;inwtcr tiioiiiior welis, i t  ‘is diffi- 
cu11 or itnpossihie to nieasiire the  
w a t w  Icvcl while the saiiipling 
c ~ l r ~ i p t n y t  is in  the ~ ~ 1 1 .  

Expcricncc i n  ttic westcrn US. 
during the past tlccacle has  shown 
t1 ir t i t  I tiieroiis :irlvantagcs of using 
a & i w h  [ii~.iIii~,tc~(”~slng for tnoni- 
tor wdls. A propcr rasing. gravel 
pack and atinirlar seal can he 
1rist:dli~tl i n  sucli a well by an 
tq)rrit~ticctl \vaiflcr \vel1 driller and 
it sitlintcrsililc 1)uiiip readily in- 

stalled for sampling. Pumping is 
often thc advisable way to obtain 
\vaterfmm amonitor\vell. bceanse 
the effects of using an actual 
domestic orpublic supply well are 
simulated and water -qua l i tys t -  
ardsapply to pumped water. From 
20 to 50 gpm can usually he 
pumpecl [rim such wells in most 
parts of the western U.S. A small- 
diameter access tube can also he 
installed along with the pump to 
allo\kvater-level measurements by 
electric sounder. If it is desired.to 
utilize other methods ofohtaining 
thewatersample. the large diame- 
ter provides masimum flexibility. 
I f  a permanent pump is not in- 
stalled in such a monitor well. 
installation of a normal water- 
level recorder.can he used for con- 
tinuous measurements hetween 
sampling rounds. IC necessar). 
large-diameter monitor \vclls can 
he used for other purposes. For 
example. one of the monitor wells 
that we have routinelysarnpled for 
several years in Phoenix. Arizona. 
is used to irrigate nearbylaiclscap- 
ing. Such \vcUs can also sewc at a. 
latcr time as extraction ~ 3 s  if 
polluted ground water is foilntl 
and removal Is desired. A 4-inch 
cliameter easing can also be used 
for a monitor \veil. but I consider 
thls a marginal diameter. with 
minimal flexibility, particularly if 
apermment pumpisnot installed. 

Frequently the costs or2-inch 
qtl6-ineh diameter monitor wells 
are compared and it is concluded 
that the expense of the larger 
diameter wells is not warranted. 
Such a comparison is ~tsu;~IIy 
invalid,hecause thesameinfomia- 
1ion.eannot hc obtained from the 



es of wells. Instead. one 6- 
amcter monitor well may 

provine the equivalent infornxi- 
lion of five or 10 small-diameter 
wells at a particular site. This is 

1 because the large-diameter well 
can be pumpcd at  a higher .rate 
and morewatercan be withdrawn 
from the well in a short period of 
time A watersample collected from 
sucii a well may represent froin 
rive to 10 times as much ground 
water in the aquifer as a sample 
from a small-diameter monitor 
well. 

Large-diameter monitor wells 
are also more suited for aquifer 
testing. Frequently, the rate of 
ground w3ter flow at  a waste dis- 
posal siteisdesired tobeknownlf 
a suitablewater-level eleration con- 
tour map is available and the per- 
nieabilitycan be determined liain 
a pump test. then the ground 
water flow rate can be calculated. 
Results Trom pump tests on large- 
diamcterwells are more meaning- 
ful in terms of pollutant travel 
than results from small-diameter 
wells. because larger parts of the 
aquifer are represented when a 
\\.ell is pumped at  a greater rate. ' 0 Aninterestirigobsen~tioncan 
beniadebasedorianexamination 
ol'sonie of the numerous ground 
water quality monitoring pro- 
grams in place throughout the 
country. My experience indicates 
that many investigators in the 
western US. have switched from 
smicll- to large-diameter monitor 
\vclis during monitoring programs 
condurled at  a particular site. 
Sometimes years elapse before the 
change is made. On the other 
hand. I know of virtually no site 
where investigators have switched 
from large- to small-diameter 
monitor wells. 1 believe that this 
spiiaks for itself as  to the advan- 
tages of large-diameter monitor 
\ v d k  

I r r  coticlusioii. my opinion is 
that only qualified water well drill- 
ers should install most monitor 
wells. In addition. such  wells 
should normally be a t  least 6 
'nrtics i n  diameter for maximiurn a, csilAity in monitoring. Wiere 
possiliic. 20 lo 50 gLm should be 
pwrrprd li.oiil the monitor well 

! e  

prior to sampling. y i t l  in  mo51 
cases about 30 to90 rniiitilcs will 
be an  adcqiiale p ~ i i ~ i p i n , ~  I i r i i i '  
prior to water sam[)lr collcrl ion. 

Kenrielh D. Schrnidf is a groiirtcl 
uater quulitg corisul~nnl in Fresrio. 
Cd{illrornia 



75. Schmidt, K.D. Moni t oring 
Groundwater Pollutioni1, 
Reprinted from IEEE 
International Conference on 

~ Environmental Sensing and 
Assessment, 1976 

Index to Rulemaking File Underground Storage Tank Regulations Title 23, Waters 
Division 3, Water Resources Control Eoard Chapter 16, Underground Storage Tank 
Regulations 1985 

- ... . 



MOFTOrUrjG GROUNDWATER WLLUTION 

Kenneth D. Schmidt 
Groundwater Quality Consultant 

Fresno, California 

Monitoring groundwiter pollution entails source moni- 
toring, evaluation of infiltration potential. and monitoring in 
the topsoil, vadose zone, and aquifer. soil. geologic mat- 

The emphasis of groundrvater pollution monitoring is'water 
in the aquifer, and the primary 
well. 
time period$ ha5 been demonstrated in the assessment of re- 
gional groundwater pollution. 

Source Monitoring 
Sources of groundwater pollution can be conveniently 

erials, and solid and liquid can be separated into 1) point. 2) line. and 3) disuse. These sub- 
divisions geUeral1Y qorrespond.to the sources of groundwater 
recharge. The impict Of a specific waste discharge on 
groundwater quality depends on the areal extent and configu- 

'of applicable monitoring program differs considerably from 
a point source to a diffuse source. Common point sources 
a re  solid waste disposal sites. percolation ponds for liquid 
wastes. solid wastes in stockoiles. leakinrtanks. and con- 

tool is the pumped 
The usefulness of high-capacity welIs.PmPed for long ration of the discharge at.the land surface.,. Thus,. the type .. 

Introduction ~ 

. .  . _  
The monitoring of groundwater pollution encompasses a 

number of techniques, including the sampling of water. wells. 
ince most sources of pollution originate at or near the land 
urface and most groundwater samples. a r e  taken from wells. 
s en t i r e  soil-groundwater system must he analyzed. Pc- 
ntial pollutants applied at the land surface in many cases 

must Pass through topsoil and the.vadose,zone hefore reach- 
ing the water table. The rech- pollutants then ordinar- 
ily move through the aquifer a certain distance hefore they 
are Sampled. Thus groundwater pollution monitoring depends 
heavily on a hnowledge of soil and hydrogeologic factors that 
control pollutant movement. An understanding 01 the natural 
factors affecting groundwater quality is necessary in order 
for pollutant monitoriog to be effective. 

face. 2) topsoil, 3) vadose zone. 4) aquifer, and 5) well. 
Considerable confusion exists in some groundwater quality 
investizations due to a lack of understanding of the pertinent 
physical. chemical. hiological. soil. and geologic factors. 
Sanitary engineers, surface water hydrolo@&, and regu- 
latory agencies have often focused attention almost exclu- 
sivelv on the land surface. Soils scientists have usuallv 
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Therz a re  five basic parts of the system: 1) land sur- 

evaluated the tousoil and seeandarilv the &dose zone. I . . ~ ~ ~ ~  -...- ...~ 
Groundwater hyh-ologists and geologists have usually anal- 
yzed the portion of the system.below the water table. Water 
supply and regulatory agencies have focused on well sampling 
in  areas where groundwater i s  an important source of supply. 
The entire sequence of events must often he. interpreted in 
specific situations in order to successfully monitor ground- 
water pollution, 

Groundwater pollution monitoring encompasses moni- 
toring at the land surface (source monitoring), i n  the topsoil 
and vadose zone, and in the aquifer. A number of twls are  
available to monitor potential pollutants in each portion of 
the system. As the parts of the system are closely inter- 
related. the successful development of a monitoring program 
lavgely depends on selection of the appropriate mix of tools 
for the system. Land surface monitoring includes land use 
surveys; inventories of waste amounts, and'sampliog of 
liquids and solids. Significant storage capacity for potential 
pollutants may exist in the vadose zone, and some pollutants 
can be significautly attenuated in passage through the topsoil 
and vadose zone. In some cases, pollutants introduced at 
the land surface may travel through great thicknesses of 
geologic materials'above the water table. Long travel times 
in the vadose zone, such as decades or  centuries, may ren- 
der aquifer monitoring ineffective. 

The heart of groundwater pollution monitoring usually 
l ies  i n  the aquifer, as this is where water is ultimately 
pumped from wells f o r  use at the land surface. Water sam- 
pling of wells is a key item. and along with source monitor- 
ing i s  the primary technique for monitoring groundwater 
pollution. Past  groundwater pollution monitoring has dem- 
onstrated the effectiveness of well sampling: however, a 
considerable amount of experience and judgment is n e c e s s w  
in  most cases. 

fined animal Gastes. Line sdurces'inclui; p o l l u k  s t i i im-  
flow, wastes leaking from sewers and pipelises, liquid 
wastes disposed of to dry  stream beds, aid matekials used 
.for hi!&way deicing- Diffuse sources .include agricultural 
return flow, pollutedprecipitation, septic tanks, and lam 
fertilizers. 

as: 1) physical. 2) inorganic chemical. 3) organic chemical, 
4) hacteriologibal. or 5) radiological. Physical parameters 
of most importance a r q  density and temperature; Inorgaeic 
chemical constituents include the major constituents com- 
monly found in groundwater, other constituents, and trace 
elements, Organic chemicals include,pesticides, bydrocar- 
bons, detergents, and other ormnic.compouds. Bacterio-- 
logical constituents'include bacteria, viruses, and pathogenic 
organisms. 
several comprebensiveprorI;s?* 3* 

Tyues of Waste Disposal 

There are a variety of types of waste dispos.9 which 
may afEect groundwater. These include storage.basins and 
other ponds containing.liquicJs. which may escape the land sur- 
face and percolate.to the groundwater. The stockpiling oi 
solid materials from which pollutants may be leached i s  
another type. Irrigatian and disposal to normltly dry stream 
channels are widely used types of waste disposal in the west- 
ern U. s. Seepage trenches, percolation pits, seepage pits, 
and wells a r e  also used for waste disposal. The method of 
disposal determines if'a portion of the soil-groundwater sys- 
tem is bypassed. F o r  exampre. percolation pits and seepage 
pits may allow pollutants to bypase the topsoil and part of the 
vadose zone. 'IVeIls may permit pollutants to bypass the t o p  
soil and vadose zone and directly enter the aquifer.. 

Monitorinp, Techniques 

' Potentialpollutants in each source can be characterized 

Methods OF analysis haveseen discussed in 

Non-sampling technibes. at the lan&surface iuclude a 
wasteload inventory, pipeline and tank tests, testing of arti- 
ficial liners, landuse surveys, and aerial surveiltance. An 
inventory of waste  toads includes collection'and tabulation of 
data onthe volumeof liquid wastes and weights of solid 
wastes and their compositions. Data on the physical, chemi- 
cal. bacteriological, aud radiological characteristics'of the 
wastes should be OolIected. FieId surveys. land use surveys, 
and aerial surveillance can be used to determine sources of. 
pollution audmethods of disposal. Testingfor leakage is an 
important monitoring procedure, since.many of the pollutants 
in tanks, pipelines, and lined ponds may present significant 
pollution potential. 

Sampling of polluted surface water bodies, wastewater, 
and solid wastos is an integral par t  o h  groundwater pollution 
monitoring program. 'Xivers. lakes, estuaries, and canals 
which a re  polluted and may recharge the groundwater should 
be sampled. Surface water sampling will be conducted 
through federally mandated monitorlngprograms. 5 . 6  ,Hem 

and Brown, Skougstad, and Fishmen" have also discussed 
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a‘’ * h n + ~ c e  water snmp1ir.g. The most important t>Te of land 
sun-xe monitoring niii generally be \vaste%vater sampling. 
The American Public Health Xssociationl. !Yellsi, American 

3 
Society for Testing Materials , and the C. S. Enrironmental 

’ Procecrim ASency hare discussad \r.nsten’arer sampling: 
There are rwo basic catezories of Xastelt’ater sampling in 
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pollution: 1) discharge stream, and 
of pond waters subject to percolatinn 

is the n;ore direct npproxch, but is generally more difficult 
acd rime-consuming. 

. .  ; gro::ndwxer recharge inselection of sampling sites. Sam- 
p1ii.g of Tend water often inrolres either the construction of 
special na l ‘ says  o r  the use of boats for sample retrieval. 
In s o z e  ponds ahere water is being recycled. collection de- 
vices allow for , r e l a t i d y  easy sampling. Xany solid wastes 
can be ca;egorized as to chemical composition on the basis of 
past ehprience and references in the literature. Occasional 
sampling is necessaq, for example, for trace element and 
radiological determinations on phosphate ore stockpiled for 
u’se in  feriilizer manufacture. 

Consideration should he given to  

. . .  

Etduation of Infiltration 

One of the kex- parts of a groundwater pollution moni- 
toring p r q r a m  is the determination of the amount of Ivaste- 
water which can 1eave:the land surface and potentially per- 
colate to the water table. This amount is related t o  the 
method of waste disposal used. For  some methods, such as 
wells and seepage pits, the topsoil and significant parts of 
the radose zone are blpassed. In this situation, the volume 
of wastenater potentially reaching the %iter table is equiva- 
lent to the volume of waste discharge. Factors operative in 
the topsoi!, such a s  evapotranspiration. must be considered 
for w s t e  disposal in percolation ponds, d ry  stream channels, 
and nan:- diffuse sources. The major methods of disposal 
discussed in the folloning sections ace: .I) percolation ponds, 
2) irrigation. 3) dry stream beds, and 4) seepage trenches. a PeTc(llaliyII Ponds 

In this report, “percolation pond” is used to signify any 
pond which permits significant movement of pollutants into 
the underground. The water budget method can be used t o  
calculate seeoace from wrcalation ponds. Waste discharze 
and precipitati& a re  s k e d  as the input, and percolation 
calculated a5 the residual between input and evaporation. 
Storage changes in the pcnd must also.be considered. E v a p  
oration from f r ee  water surfaces can be determined from 
measurements for land pans or floating pans. 9* lo Factors 
such as temperatire and salinity affect both evaporation and 
percolation rates. Stahle isotopes have great potential for 
application in the determination of pond evaporation. 
Field measurements using lysimeters can be used t o  deter- 
mine evyoration from soil surfaces. 

Irrigation 

11 

12 

The water budget method is also used to evaluate return 
flow from applied irrigation water. Precipitation and applied 
water a r e  summed as the input. and evapotranspiration caI- 
culated as part of the output. Return flow is then calculated 
as the residual behseen input and evapotranspiration. Evap- 
otranspiration in irrigated a reas  can be determined hy a 
number of metnods.13 These methods a re  generally based 
on sererai  climatolo$%al parameters. and most have been 
de\-eloped for application in certain geographical areas. 
Applied water can he determined from records of surface 
water deiireries and groundwater pumpage. “Irri@ion 
efficienc)”’ i s  often defined as the evapotranspiration divided 
by the app!ied water. When wastes are being disposed of by 
Irrigation, the waste discharge is added as part of the input; 
in some cases it may comprise all of the applied irrigation 
water. 

2 

D r v  Stream Beds 

wastes a re  disposed of into normally dry stream channels. 
The part of the water that does not evaporate or leave the 
area a5 runoff can infiltrate and esentuall>-reacb the ground-, 
water. aiining wastes and savage eftluent in Arizona and 
oiifield wastes in California are commonly disposed of by 
this  method. StreamfIow records at different gaging stations. 
combined with records of precipitation, evaporation. and 
streamfloa dirersians. can be used to calculate percolation. 
In this case bath evaporation from the free water surface . 
and wetted bhannel must be considered. 

Seepage Trenches 

ly disposed of in trenches several feet beneath the land sur- 
face.. A s  such. these wastes a re  usually empiaced in the 
topsoil and are  subject to evapotranspiration. Determination 
.of evapotranspiration loss. oi effluent is often.dif€icult in %is 
case because of widely varying soiis oonditions, septic tank 
disposal practices, and other factors. Rootingdepth of 
plants growing in the area is a key factor i n  plant uptake of 
effluent from trenches. Precipitation is combined with 
waste di5charge as the input, evapotranspiration is part af 
the output, and percolation is calculated as the residual. In 
this case evapotranspiration is the sum of eriaporation from 
bare soil surfaces and transpiration by crops. lawns. or 
trees growing in the disposal field area. If there is irriga-. 
tion, this item must be added to the input 

10 many parts of the southwest. significant volumes.of 

. .  

Effluent from septic tanks and other wastes is common- 

hronitoring in the  Topsoil and Vadose Zone 

Xonitoring the movement of polluhnts ia.the topsoil 
requires consideration of 1) soil water, 2) soil physics, 
3) soil chemistry, 4) microbiology. and 5) physical. chemis- 
try. Historically soil scientists~were more concerned with.. 
the soil conditions affecting growing crops than withthe 
quality of percolating waters. Today this situation is rapidly 
changing and many studies %re being conducted concerning 
percolate quality. An extensive bodF af literature is avail- . 
able on water quality changes .in the topsoil, particularly in 
journals such as Journal of Environmental Quality a n d E l  
Science Societv of America Proceedings.. To date much of 
this information has not been used in groundwater quality 
studies. 

The vadose zone has commonly been approached by tho 
“black box” method. but recent yenrs have shown si-gificant 
advances in research, particular!y by soils scientists. The 
vadose zone in many a reas  is not comprised of soil in the 
sense of the topsoil of agricultural workers. More often the 
materials comprisingthe vadose zone-are geologic forma- 
tions with little or 110 soil development, One of the major 
constraints in past groundwater pollution monitoring bas been 
the difficulty in determina>ion of travel times of water from. 
the land surface to the water table. The approximate’rate :. 
of travel in the vadose zone.must be  known in order to moni- 
to r  groundwater~pollution. If the travel time approaches ’ 
decades or  centuries, there is little use in detailed, .&went  
monitoring of aquifer water quality. 

Travel Time 

The travel time of recharged WaSteS.thraugh the vadose 
zone is intimately related to the storage.capacity and mois- 
ture characteristics of the vadose zone. In parts of the 
southwest, pihere water tables may be greater than 500 feet 
in depth and the geologic materials a r e  moisture deficient 
due to lack of recharge, considerable amounts of water may 
b i  added at the Iind surface before percolation to the water 
table occurs. The portion of the porosity h o r n  as specilic 
retention must be  satisfied before dovlnward percolation can 
occur in the vadose zone. In  other y e a s  where precipiptiqn 
or irrigation bas supplied .abundant recharge for decades o r  
centuries, the spgcific retehtiolris geqeratiy already satis- 
fied. In the case of relatively shallaw.w,?ter levels, there 
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;5iv be relativelv ranid nercolation through the vadose zone. , a  I - 
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In kome cases, {sotipes'and other tracers may provide an 
indication of the rate of travel in the vadose zone. 

Attenuation Capacitr 

11 

Attenuation capacity for pollutants introduced at the 
land surface is due to physioal and other factors: Pollutant 
attenuation commonl>- occurs due to the following processes: 
dilution, filtration, sorption. buffering, precipitation, oxi- 
dation and reduction, rolatilization. biological assimilation , 

and degadation, and radioactive decay.. Recharge from 
precipitation, streamflotv, canals, and other sources can lead 
to dilution of polluted water in the vadose zone. The capacity 
for atteuuation of many potential pollutants due to other prc- 
cesses Is often limited by the nature of the geologic materials 
present, This is especially true for many organic chemicals, 
-trace elements, and radionuclides. This limited capacity is 
in sharp contrast'to the almost unlimited ability of many un- 
consolidated materials to remove bacteriological pollutants. 
In general the mobiliw of the various potential pollntants 
from the land surface to the water table is higbly variable. 
The bacteriolo@cal constituents are least mobile and the 
major inorganic chemical constituents a re  the most mobile. 
Trace elements, organic chemicals, .and radionuclides 
generally hare an intermediate mobility. 

Nonitoring Techniques .. . . . .  . .  . .  

A number of techniques have been developed for moni- 
14 toring water movement and wa te r  quality in the topsoil. 

Monitoring in the vadose zone will require extension of tech2 
nology developed in the topsoil and in the aquifer. Generally, 
i n  a homogenous po rws  media, percolating water will pass 
vertically through the r-adose zone. However, in a hetero- 
genous, stratified material, such as most of the alluvial 
deposits of the southu.esb. percolating water may become 
perched above layers of low permeability. In this situation, 
lateral movement at substantial rates can occur above t h e  
water table. 

Monitoring in the topsoil and vadose zone generally . 
requires retrieval of soil, geologic materials, and water. 
Ordinarily water in the vadose zone occurs in the unsaturated 
state, andpressure head is negative. Special sampling de- 
vices are necessary to retrieve water samples, as this 
water will  not enter wells or holes open in the vadose zone. 
However. local saturated zones are nresent in the vadose 

15 

zone as perched groundwater. Augers can be used for much 
of the sampling of soils and geologic materiils, although 
standard water well drilling rigs n a y  he necessary for deeper 
sampling. Water content can be determined from core sam- 

ples o r  io-place by neutron logging.16.-Recently the techni- 
que has heen used to mohitoi- water storage in the vadose 
zone and to estimate now rates. 

during unsaturated.flo~. A tensiometer consists of a porous 
ceramic cup cemented to a rigid plastic tube. 
sure is measured by means of a mercury manometer. Wben 
properly enplaced in the soil, the pores in the cup will form 
a continuum with the pores in the soil. .Electrical resistance 
blocks are also used to'measatre nepative pressures. The 
blocks consist of electrodes embedded in porous materials. 
such as fiberglass. me principle of operation of these 
blocks is that the negati>e pressure within the blocks res-. 
ponds to.the suction of the soil with which the blocks a re  in 
intimate contact. The tensiometer is generally the most 
effective desice for monitoring water flow to negative pres- 
sures of about -1 atmosphere.. .In characterizing water ; 
movement. a batteryof tensiometers musthe installed, with 
units terminating at successive depths-in the vadose zone. I t  
is necessary to instal l  more than one battery to detect hori- 
zontal florv. To m q s ~ ~ e  negative pressures below about 
-1 atmosphere, the'thermocouple psychrometer has been 
developed. 

I 

Tensiometers are used to measure soil water pressure5 

h'egative pres- 

In-place negative pressure measurements a re .  

3 

possible with this tool down to -30 atmospheres. 'The basic 
principle involved is that a relation exists betwean negative 
pressure and relative humidity. 

Rlonitoring in the topsoil and vadose zone includes 
sampling of soils and geologic materials. Important physi- 
cal paramcters include texture. bulk density, porosity, 
water content, and hydraulic conductivity: Development of 

water content and pressure. is helpful in evaluation of water 
movement. Analyss  include soluble ions, cation exchange 
capacity, exchangeable ions, PH, electrical conductivity, 
and base saturation. ~Xany'constituents are ofien determined . . . ' 

on the saturation extract. .because this can be genernllyre- 
lated to field moisture conditions. Chemical ana lp i s  of 
soil and geologic materials is extremely valuable. where 
large amounts of potential pollutants are retained above the 
water table. 

Water samples may be obtained from unsaturated re- 
gions hy the use.of the tensiometer or suction cup. In.this . 
case a suction is applied to bring the water sample to the 
land surface. Suctbn cups a re  the best available-tool fo r  
obtaining water samples in the unsaturated parts of the va- 
dose zone. However, the cups are operative only at n e g d  
tive pressures greater than ahcut -1.0 atmosphere. Becansd 
of the small openings'in the ceramic-cups. certainbacterip. 
logical and organic constituents may be fiItered o u t  ~ Han- 
son and Harris'' discussed the limitations of tiis tool in 
monitoring in the vadose Fane. Where W a t e r  is perched i n .  , . - .: 
the vadose zone, samples may be collected as in the aquifer. 
for example,. by bailing or pumping. - .- . 

place measurement oi soil salinity." The principle of 
operation of these devices is the relation between electrical . ' 
conductivity and total dissolved solids in &e water. El- . 
trodes embedded in  a porous ceramicplate inhydraulic 
continuity with water in the vadose zone can he wed to dir- 
ectly measure the,electricaI conductivity of the water. The 
temperature of the water Gust be measured carefull]-when 
using this tool, and the s8uSors cannot he us* at nemtive 
pressures of less than -2.atmospheres. 

a soil-water chemical characterization curve, relating I J  

. ' 
. . .  18 

. '. 
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Reoently salini$ sensors have been developed €or in-. 

Aquifer Wonitoring 

Monitoring groundwater quality below the water table 
requires a howledge of 1) hydrogeolow. 2) welI hydraulics, 
3) geochemistry and physical chemistry. Since most IR 
charge passes throughthe topsoil and vadose zone; sound- '  - . 
water qualit). evaluations mnst includo consideration of the ' ' 

full sequence of events above the water table. of principaI 
importance i n  understanding groundivator quality is the 
development of the hydrogeologic framewmk. The hydro.. 
geologic framework is important from,two standpoints: .~ . 
1) coufral on groundwater and pollutant movement, and 
2) geochemical considerations. Geochemical processes ' 
impart natural characteristics to gmuud%vater quality. To 
date little of the hnowledge from geochemistry o r  physical 
chemistry has been applied in groundwater pollution stndieg. 
An extensi,ve body of literature is available ou natural 
groundwater quality, especially with r e g a d  to carbonates 

and some silicates. \i:ell sampling for groundwater polIu- 
tion monitoring has little value unless well hydraulics are 
thoroughly considered. A number of examples of aquuer 
pollution monitoring were.presented at the first two National 
Ground Water Quality Symposiums and the I974 Kational 
Water Well.Association Technical Division Education E- . 
gram, and subsequently published in Ground water- 

Attenuation Factors 

. 

, ., 

'Many of the processes which occur inthe topsoil and 
vadose zone occur below the water table, brit to a different 
degree. Oxygen poor waters are common in aquifers akd 
the geologic'materials comprising aquifers a re  often devoid- 
of organic matter. Some geologic fomatioas 1ack .maqof  

9 4  



.. 2 *' the  common substrates fo; sorption. Beceuse of these fac- 
tors, if the topsoil and vadose zone a re  bpassed during 
waste disposal. t h e  pollution potential is s e a t l y  increased. 
However. once pollutants reach the water table, they a re  
subject to a physical attenuation in most aquifer systems. 
This attenuation results in  the comnionly observed phenom- 
ena that point sources produce only local polluted zones i n  
the groundwater. The attenuation in most cases is deter- 
mined by the following factors: 

. 

1) The volume of wastervater reazhiog the water table 
per unit time 

2) The concentration of pollutants reaching the water 
table ' 

3) The waste loading. i. e. the volume or  weight of 
pollutant reaching the water table per unit area of 
the water table 

4) Areal hydraulic head distribution 
6 )  Transmissivity of aquifer materials 
6) Vertical head gradients and vertical permeabilities 

through confining beds, if preseut 
7) Quality of native groundwater and.recharge sources 
8) Extent of recharge reaching the water table from 

other.sources at the landrurface 
3) The pumping of.wells and well construction 
In some cases. certain factors do not attenuate pol- 

lutant concentrations, but act in an opposite fashion.' An: 
example is the presence.of~a 1arge.depression cone In an 
agricultural a rea  due to irrigation well pumpage, wherebF' 
pollutants are.d&n in to  the area.from many directions, 
and a re  prohibited from leaving. J 

0 

Ken-sampling Techniques 

There a re  several techniques for monitoring ground- 
water pollution in the aquifer which do not involve sampling. 
Water-level measurements and pump tests are usually 
necessary i n  specific areas to evaluate the hydraulic head 
distribution and aquifer paraqeters. Test drilling may be 
necessaw to adequately define the subsurface geological 

- 

0 
conditions. Surface resistivity surveys can sometimes he 
effectively used to delineate the extent of a polluted zone in 
the aquifer. '* However, in general the polluted water must 
be shallow. and the subsurface geology must be well defined. 
Borehole geophysics can be used to determine the electrical 
conductivity of water in the aquifer at specific depths below 
land surface.22 If the chemical nature of water in an anui- 
fer is hown from~chemical analysis, resistivity logs can 
be used to determine the approximate quantities of the ions 
present. 

Sanpline Techniques . .  

Smpllog in the equifer iocludee g e o l d c  sampling and 
weter sampling. Solid materials comprising the aquifer a re  
ordiuarilg sampled only i o  cases whzr? sigaiZicant amounts 
of pollutants a r e  retained in this zone. .This generslly 
occurs In cases of a thin vadose zone or where the topsoil 
and vadose zone are broassed du r iw  well dimosal. In un- 

. .., 

* - 
Well Sampling 

Water well  sampling is somewhat 01 an art, and the 
usefulness of the s a m d e  often denends on the exeerience. A-.e55 .~~ ~~~ , -,----- ~~ 

perception and hrdro eo1 =i 'udmment of the person taking@-- 
the sample o r  s-m. The ConlPOSition -2s 
of n water sampk from a rye11 is influenced by \\ell location 
and construction, pumping time. recharge sources. and the 
three-dimensional distribution of grouudwater qualib.. 
KeIls near point or line sources can also show a rapid res- 
ponse to waste disposal operations. Time trends in and the 
spatial distribution of groundaater quality must be consid- 
ered in a monitoring pro,-m. There are a number of 
reasons for sampling n;iter, and each may require a differ- 
ent approach. For example, the main concern may be  the 
quality for subsequent use of the water. F o r  drinking water. - 
a sample might be taken from the household tap ra ther  than 
from the well. For  irrigation purposes. a sample could be 
taken bf water in aditch at the entrance to a field. For 
groundwater pollution monitoring. the water sample would 
ideally be taken directly fmm the aquifer. However, for 
prictical purposes, a sample fmm the w e l l  discharge WiLl  . 
be collected in most cases. 

A number oi techniques cab b e  used to obtain Water 
samples from open wells. Portable submersible pumps a r ~  
useful for a number of monitor wells uear apoin t  source 
aad when only periodic pumping is required. water can he  
air-lifted from a well by forcing compressed air down a 
pipe lowered into the well- Water'samples can also be  taken 
by bailing. A wetghted bottle o r  short  section of pipe capped 
at the bottom may be lowered into small diameter wel ls  in 
order to collect w a t e r  samples- Thief samplers have been 
developed which can he  closed ixt a specific depth inside the 
well, thus allowing water quality sampling at different 
depths. 
led which tempoarily isolate selected.watar-bearing zones 
forpumping. 
x 
sampling at individual points in the aquifer. With high- 
capacity wells and long pumping times. significantamounts 
of water can be withdrawn:. In general, Iow-capacity wells 
with small pumps should be  used to evaluate local conditions. 
Fo r  example, the effect of an individual septic taokin a 
rural area could be monitored b y  a nearby domestic well. 
However. to evaluate regional conditions, such as pollution . 
due to diffuse sources. high-capacitp wells with Urge  pumps 
may be more effective. A high-capacity well pumped fo r  
several weeks o r  months can often provide an intagrated 
sample that is impossible to dlqllicate by other  methods. 
High-capacity wells can integrate vertical and areal VS.rta- 
t ioos in water quality. In some cases an  integrated sample. 
is the most important; in otbers an  integrated samPIe is 
purposefully not desired. 

Well sampling can also be used occasionally to monitor 
the vadose zone. For example. in wells with perforattons 
above the water table, perched water may en ter  the well and 
"cascade" to the water level. In some agricultural a reas  
where irrigation wells are inactive forseveral  months of the 
vear. cascadinz Water accumulates near t h e  well durina this 

' 

blechanical.or iailatabie packers can also be instal- 

Well pumping I s  generally much MOE effective than 

~ .~ L -~~ 
coosolidlted deposits the finer-grained deposits zre gener: 
a l ly  of most interest. The texture, type or clay. cation 
exchange capacity. and pH a re  important parameters. Fo r .  
some rock formatioos, information 00 mineral and trace 
element and radionuclide content may be required. Geologic 
sampling can generally be done only during nell drilling. 
The method of drilling highly idlueoces the usefulness of the 
sanpling. Spatial Water Quality Paeeras 

eral ways. In cases of sh3-llow water level. tile drains 
beneath azricultural weas  ma). prwide suitable s impl ing  
sites. however. often the). tlp only the upper portion of the 
aquifer. Springs represent groundwater discharge. and 
along with baseflow io streams can provide integrated sam- 
ples of groundwater quxlity over large arcas. For most 
Common situations. however. wells a r e  req'lired for awi[er nearly every nust be to delineate 
samplinn; In cases where existing wells do not suIlice. it For the of waterpumped from 
may be necessary to construct special monitor wells. 

peridd; If a witcr rampie I s  collected during the f i r s t  few 
hours of pumping such a well at the beginning of the i r r ip-  
tion season, it may provide a nluableintegrated sample of' 
return flow. In any case, the importancc of wells cannot be 
overstressed, as they act to supply source water for various 
uses. 

. .  Water samples can be collected from aquliers in ser- . .  
Zones of polluted groundwater have a three-dinensiansl 

coolieuration. Large-capacity wel ls  have been used to de- 
lineate the  areal distribution of polluted zones. Nitrate 
pntterns in groundwater ne3r Tucson, Arizoni determined 
from sampling of irrigation wells were directly related to 
land disposal of sewvnge e f n ~ e n t . ~ ~  There i s  evidrnce'that 
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*. 3 L, ,  
irrigation \veils southwest of Fresno. California appears to 
reflect the influence of a leaking trunk sewer between the 

urban area  and sewage treatment plant.24 1n.this case 
chlorides a re  an escellent tracer due to low background 
contents. The extent of the polluted zones from recharge of 
sewage effluent at the Fresno Sewage Plant has also been 
delineated by sampling. large-capacity irrigation wells during 
periods of maximum ~ u m p a g e . * ~  The background areal 
distribution of groundwater quality must he defined prior to 

The vertical distribution of groundwater quality is often 
difficult to assess. Kater  samples obtained during the 
drilling of wel l s  by the cable-tool method can provide valu- 

'able information on theyvertical stratification of water quality 
in the aquifer. Open-bottomed wells. which have no perfot- 
ations o r  openings other than at the bottom of the casing, can. 
provide valuable data on tiater quality a t  specific depths in 
the aquifer. Such high-capacity municipal wells in unsew- 
ered parts of the Fresno area have provided sound data on 
groundwater pollution from septic tanks." The open bottom 
type of well construction merits attention in the case.oI 
monitor wells. A s  well yield is not as important as  in the 
case of tiater supply wells, there is . less need for special- 
ized well screens, gravel packs, and other features devoted 
to enhance production. 

, 

9 
. monitoring pollution. 

Time Trends 

If a well penetrates an.aquifer of.rather uniform areal 
and vertical water quality. the composition of the water may 
not change much over long periods of time. However, in 
the case of vertical stratification of groundwater quality. 
which is common in a reas  of. groundwater pollution, signifi- 
cant char:es can occur in water quality with t i e .  J u s t  as 
water levels in a well cbaoge rapidly soon after the pump is 
turned on. so can the quality of pumped water. Rarely have 
water samples for chemical analyses been taken frequently 
enough to adequately describe these short-term changes. 
The result bas often been widely vaging anaIJtical results 
from one sample to the next. Jus t  as water levels a r e  mea- 
sured on a logarithmic frequency during aquifer tests, water 
samples c a  be collected simultaneously. That is. samples 
can be taken on a more  frequent basis during the early par t  
of the pumping period. Frequent nitrate analyses during 
pump tests on high-capacity wells in the Fresno urban area 
har,e illustrated ehponential decreases.in concentration with 
pumping time. If water samples a re  to he collected from 
high-capacity wells after only minutes o r  hours of pumping, 
short-term time trends must he Considered. In the case of 
high-capacity wells which have been inactive for several 
weeks o r  months, several days o r  tieelis of continuous pump 
ing may be necessaq  to purge the well of atypical aquifer 
Water. This water  may have short-circuited donn the side 
.of the casing througfi perforations o r  the gravel pack  

Seasonal changes in water quality can also be significant 
for high-capacity wells near pollution sources. Such changes 
have been noted for ni t ra te  and chloride contents during mon- 
thly sampling of irrigation wells at sewage effluent disposal 
sites near Tucson, Arizona.Z3 wells gear sewage efntient 

prco la t ion  ponds near Fresno,~'Califoroia have shown sig- 
nificant seasonal variations in nitrate, agmonia, and 
p ~ ~ . 2 5  Higb-capacity municipal tiells in UnseNered parts of 
the Fresno urban area  have shown significant seasonal vari- 
ations in nitrate 2nd chloride. In all cases the seasonal 
changes a re  in some war- related tn waste disposd operations. 
Seasonal fluctuations must be established before effective 
monitoring progmms can be implemented. In ao analagous 
fashion, seasonal fluctuations in depth to water were Cam- 
monly monitored in the  early days of water-level measure- 
ment pro,gams. 

Once the short-term and seasonal time trends a r e  es- 
tablished in a n  a rea  for inditlduat wells or.groups of wells, 
long-term trends in groundwater quality cfn be established. 
In the case of diffuse sources, decades of s h . r e c o r d s  will 

- a  
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often be nicessary to adequately monitor groundwater pot- 
iution. Long-term records in many areas have documented 
the development of groundwater pollution sources. These 
records can also he  used to illustrate the ameliorating 
effects of groundwater pollution abatement.activities. 

Conclusions 

G Monitoring groundwater pollution entails source moni- 
toring. evaluation of infiltration potential. monitoring in the 
topsoil and vadose zone. and aquifer monitoring. The heart 
of moundwater oollution monitorinz l ies in water well sam- 

I 
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pling. Source mpnitoring includes inventorins and sampling . ' 

soIid and liquid tiastes which may eventuallypercolate to the 
water table. Wastedisposalmethods partly.determins infil- _. . .  . . 
tration potential and tihetber o r  riot portions of the soil- . . 

gronndwater.system are bypassed. Potlutants can he cate- 
gorized into physical. inorganic chemical. organic chemical, 
bacteriological. and raiiological.. In general the major 
inorganic constituents. are the most mobile in soils-graund- 
water systems, whereas the bacterfoiogical constituents a re  
the least mobile. 

?Lonibring in the vadose zone45 especially important 
in areas where significant amounts of pollutants are-retalned 
in this zone. In arid areas with deep water.tab1es.and little 
recbarge. a large storage capacity for pollutants may exist 
above the water table. In some cases recharged waters may 
take decades o r  centuries to reach the water table; However. 
in most humid areas and beneath lands irrigated for long 
periods of time, trave1 times are often in the order of 
week ,  months, o r  several years. However, significant 
retention of t race  elements and other constituents may still 
occur. Waterbudgets and moisture characteristics in the 
vadose zone.proride information on travel time above the 
water tabte. Both waterand soil can he  *en from the va- 
dose zone and analyzed. Sampling in tha vadase.zone has 
been most widespread and effective beneath point sources of 
pollution. T.his is because relatively small amounts of mat- 
erials are sampled compag-ed to those in the entire system. 

Monitoring in the aquifer c a n  occasionally be done by 
surface geophysics. borehole geophysics and other methods. 
However, most cases requi re  t iater well sampling. If 
existing wells are not sufficient, specially designed .moni- 
toring wells may have to b e  constructed. There area num- 
her  of ways to retrieve water samples from open wells, and 
geologic. s m p l e s  are usualiytaken during drilling. Pumped 
high-capacity wells can provide meaningful water samples , 
for mauy sources of pollution. Pumped wells can also 
occasionally provide direct information on the quality of 
water i n  the vadose zone. Time trends and the three- 
dimensional distribution of groundwater quality must be  
evaluated to SuccessfuIIy monitor aquifer pollution. Care- 
ful hydrogeologic judgment must b e  used in  the establishment 
of monitoring programs f o r  groundwater pollution. 

1. American Public Eealth Association, '1971. "Standard 
Methods for the Examination of Water and Wa4ewatcdl 

'70, "Methods for Collection and Analysis of Water 
Samples for Dissolved Minerals and Gases", Tdchniques 
of Water-Resources Investigations of the U. S. Geo- , ' 

logical Survey. Bwk 5. Laboratory Analysis. Chapter 
AI. .16Q p. 

3. American Society for Testing hIaterials, 1973. "ASTJI 
Standards", Part 25, Water. 

4. U. S. Environmental Protection Agency. 1974. "Eilethods 
f o r  Chemical. Analyses of Water and Wastes". National 
Environmental Hesearch Center, C.incinnati. Ohio, 298 p. 
U. S. Environmental Protection Agency, 1974, "Water 
Quality and Pollutant Source Monitoring, Proposed 
Ru1es";Federal Register, vol. 39. no: 168, pp, 31500- 
31505. ' 

Hem. J.D., 1970. '*Study and Interpretation of the 

5. 

6.  

5 9-4 



11. 

12. 

13. 

Chemical Characteristics of Saturn1 Water", U. 5. 
Geological Survey Water-Supply Paper 1473. ,Second 
Edition, 363 p. 
\i.eils, D. B., 1975, "Rlonitoring Industrial Waste- 
water". Deeds & Data, Water Pollution Control Fed- 
eration. dune issue, 8 p. 
U. 5. Enrironmental Protection Agency. 1971, "Hand- 
book for XIonitoriw Industrial fVastervater*'. Office 
of Technology Transfer. 
Kohler. ALA., 1954. "Water-Loss Investigations: 
Lake Hefner Studies. Technical Report". U. S. 

Harbeck,' G. E., Jr., Kohler. XI. A . ,  Koberg. G. E.:, . 
and others, 1958. "Water-Loss Investig$ions:. Lake 
Xead Studies", U. S. Geological Sur+'ey Professional 
Paper 298. 
American Geophysical Union, 1967. "Isotope Techni- 
ques in the Hydrologic Cycle"; Geophysical Mono- 
graph Series So. 11. edited by G.E. Stout, American 
Geophysical Cni.0~. Washington. D. C., 199 p. 
Van Hylcliama, T.E.A., 1968. "Water Level Fluctu- 
ations in Empotranspirometers", Water Resources 
Research. 701. 4, no. 4. pp. 761-768. 
Cruff. R.W., and T.H. Thompson, 1967, "A Compar- 
ison of Methods of Estimating Potential Evapotrans- 
piration from Climatologkal Data in  Arid and Subhumid 
Environments". U. S. Geological Survey WaterSupply 
P a w r  1839-31. 28 D. 

Geological Surrey Professional Paper 269. . .  
. . 

14. Black, C.A. and oibers, 1963. "Methods of Soil Anal- 
ysis", Agronomy BIono,-pph So. 9, American Society 
of Agronomy, XIadison, Wisconsin. 
Wilson, L.G., 1971, "Observations on Water Content 
ChanKes in Stratified Sediments h l r i n n  Pit  Recharxe". 

15. 

16. 

li. 

18. 

19. 

20. 

I .  

GroundVrater. vol. 9, no. 3, pp. 29-40. 
V2n Bavel. C.H. SI., Nixon. P.R., and V. L. Hauser. 
1963. "Soil Moisture Measurement with the Xeutron 
Bfethod". U. S. Dept. of Agriculbre, Agricultural 
Research Serrice Publ. 41-70. 39 p. 
Vatson. K.K.. 1967. "A Recording Field Tensiometer 
with Rapid Response Charzteristics", Journal of 
H?drolo,T. vol. 5, pp. 33-39. 
Xalker. W.H.. 1974, "Monitoring Toxic Chemical 
Pollution from Land Disposal Sites in Humid Regions", 
Ground Water. vol. 12. no. 4. pp. 213-218. 
Hanson, E. A., and A.R. H a m s ,  1975, "Validity of 
Soil-Water Samples Collected with Porous Ceramic 
Cups", Soil Science Societr of America Proceedings, 
vol. 39. no. 3, pp. 525-536. 
Richards. L. A.. 1966. "A Soil Salinity Sensor of 
Improved Desiga". Soil Scieoce Sock& of America 
Proceedings. vol. 30, pp. 333-337. 
Zohdy, A.A., faton, G.P.. and D.R. Mahey. 1974, 21. 
"Application of Surface Geaphysics to,Ground-Water 
Investigations". Techniques of Water-Resources Inves- 
tigations of the U. S. Geological Survey, Book 2, Chap- 
t e r  DI, Collection of Environmental Data, 116 p. 
Brown, D. L., 1971. 'Techniques for Quality of Water 
Interpretation from Calibrated Geophysical Logs, At- 
lantic Coastal Area", Ground Water, vol. 9, no. 4. 
pp. 25-38. 
Schmidt, K. D., 1972, "Groundwater Contamination in 
the Cortaro Area, Pima County, Arizona". in Hydro- 
logy and Water Resources in Arizbna and the Southwest, 
vol. 2. Arizona Section AWRA, pp. 95-111. 
Schmidt. K.D.; 1975. "Regional Sewering and Ground- 
water Qualib in  the Southern San Joaouin Vallev". 

22. 

23. 

24. 
_ .  ~ -~ ~ . I  

Xater Resources BxlieLin. vol. 11. no. 3. pp. 514-525. 
25. Schmidt, K.D.. 1s er of the )12,trate in Groundwat' 

Fresno-Ciovis Metropolitan Area, California". 
Water. vol. 10. no. 1, pp. 30-64. - 

round 

.. 

- . - . . . . . .  .. . 
. .. 

6 



76. Schmidt, K. D. IIMonitoring 
Groundwater Quality at State 
Permitted Sites in 
Californiai1 , Paper given at 
13th Biennial Groundwater 
Conference, September 1981 

Index to Rulemaking File Underground Storage Tank Regulations Title 23, Waters 
Division 3, Water Resources Control Board Chapter 16, Underground Storage Tank 
Regulations 1985 

. .. ._ 



. r_ - The ob , j ec t ive  o f .  t h i s  paper i s  t o  d i scuss '  t h e  .probleqs:. w i i k .  ., 
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f -s presen t  groundwater q u a l i t y  monitoring approaches i n  Cali.€ornia 

and t o  recommend so lu t ions .  
\r" 

v 
National  Pe r spec t ive  

%he n a t i o n a l l y  known groundwater consu l t ing  f i r m  of Geraghty 

and M i l l e r ,  Inc .  (1977) r epor t ed  on groundwater q u a l i t y  monitor ing 

at s e l e c t e d  i n d u s t r i a l  waste-disposal s i tes  throuyhoLlt t h e  U.S, 

This  i n v e s t i g a t i o n  w a s  perhaps t h e , € i r s r  comprehensive, indepen- 

den t  revY:ew of such  monitoring networks. 

n i f i e a n c e ,  because these  sites., due to  t h e  haz?aGd&s n a t u r e  o f  

t h e  disposed wastes, should have been monitored b e t t e r  t h a n  m o s t  

o t h e r  t ypes  of waste d i s p o s a l  'sites. Geraghty 'and Pftl,ler, Inc .  

(1977) s t a t e d  (page 148),:. . 

. .  .. . . .  . . . .  . . . .  . .  . .  . .  
~ 

. ' I t . . has .  a 'profound - s ig -  . . .  :. 
~ .I 0 

. _ _  - 
. .  

. .  

. . . .  . . . . .  . . . . . .  . . . . .  .._ . .  -. - *  . . a~w - i . . L- 

2&Y'c, . '  

. . .  . . .  . .  ' ' , .. - 2&.Ep-\ 
'X q-g: 

. . . .  .. . , .% =.-.__ . .  

! 

. .  "Based on  t h e  r e su l t s . . o f  - t h i s  s tudy ,  - -. it w a s  
found t h a t  monitoring w e l l s  a r e  usual.ly i n s t a l l ed  

. . .  .,.. simp~.y because e x i s t i n g  r egu la t ions  require them, ::. . . .  - with  no s p e c i f i c  ob jec t ive  in,.mindi ._ This  has Xed - ' 

60 poor ly  designed, i n s t a l l e d  and opera ted  moni-taring 
I . , .  

. faci l ie ies .  Most of t h e  systems observed involved 
one or more o€ t h e  fol lowing de f i c i enc ie s :  

... ... 
. . .  - . .  

1. 
2. 

5 .  

This  . r epor t ,  i n t e r e s t i n g l y  enough; was m e t  wi th  d i s f a v o r  by s Q m e  

t h e  number and pos i t i on ing  of w e l l s .  
t h e i r  design', i n s t a l l a t i o n ,  and development, ., . -  '. ' .  . .  

. .  . ~ ... 3 .  .. t h e  method of, s.ampling employe.&.. .- . .  _- -. . .  - . . .  ... . 

._ 4 .  t h e  chemical c o n s t i t u e n t s  analyzed. . . .  - .  
. .  

t h e  d i s p o s i t i o n  of a n a l y t i c a l  r e s u l t s . "  

s t a t e  r egu la to ry  agencies r e spons ib l e  for over-seeing t h e s e  

monitoring networks. 

I 

. . .  . . . . .  .- . .. . . ~ . .  i I 
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The U.S- Environmental P ro tec t ion  Agency /1980) i s sued  hazard- 

ous w a s t e  r egu la t ions  which contained p rov i s ions  f o r  monitoring 

groundyater q u a l i t y  a t  such s i tes .  Basically, t h e  number of 1 0 

0 

non i to r  w e l l s  was s p e c i f i e d  and a s t a t i s t i c a l  t echnique  e s t ab -  

l i s h e d  t o  al.low eva lua t ion  o f ' .  t h e  r e s u l t s  of chemical ana lyses .  

However, the proced6re t o  be. 

methods of monitoring groundwater q u a l i t y  w e r e  ' no t  addressed,  

Schmidt. (1976)  d i scussed  t h e  framework. f o r . m o n i t o r i n g  groundwater 

po l lu t ion ,  i nc lud ing  t h e  var ious  components to be monitored. 

Omitted from t h e  EPA r e g u l a t i o n s  w e r e  i t ems . . such  as wastewater 

sampling, sampling of.so1i.d ma te r i a l s ,  vadose-zone monitoring and 

non-well techniques. €o r  s a tu ra t ed  zone monitoring. There i s ,  thus ,  

an over-emphasis on t h e . u s e  of w e l l s  and statistics i n  groundwater 

q u a l i t y  monitoring t o  t h e  exclusion of o t h e r  impor t an t  aspec ts .  

. . . . . . . , .  .. - .  . . .  

forsamplingwe1l.s and a l t e r n a t i v e  

~ 

-. . - 
Cal i fo rn ia  Experience - 

. .  

I have reviewed groundwater qua l i t y ' .  moni tor ing  programs a t :  

dozens of waste-disposal  s i tes i n  C a l i f o r n i a  d u r i r q t h e  p a s t  

e c a d e -  . yhes.e, i,nc+le s.ites . farydisposa- l  of mulrici%aL !solid' wastes;  - .- ' .  

sewage e f f luen t ,  i n d u s t r i a l  was t e s ,  urban storm runof f ,  ,hazardous 

wastes ,  o i l  and gas  f i e l d s ,  and geothermal faci l i t ies .  Most of 

t hese  sites are. permi t ted  undel: t h e  Porter-Cologne A c t  (Calif .ornia 

. .  

. .  

- 
.. 

State Water Resources Control  Board, 19731, and t h e  d i scha rge  . .. . 

I .  requirements u sua l ly  i n d i c a r e  t h a t  ".there s h a l l  be no po l lu t ion  

of t h e  groundwater". M y  experience i n d i c a t e s  thaii few of these  

sites a're adequately . .  . .  monitored, a l though t h e  s i t u a t i o n .  i s  changing. 

~ 

. . .  . .  . .  . .  , .  

I The impact of a s p e c i f i c  waste d i scha rge r  on t he  underlying ground- 

w a t e r  i s  o f t e n  unknown. A s  t h e  groundwater p o l l u t i o n  a t  t h e  0 
I 

I . .. . . . - -. . . ~.. . .~ . -.- - .- - .. .. . ~. 



% d 3 
n . .  I , .  

Occidental Chemical site near Lathrop and the Aerojet Genera1,site 

east of Sacramento have demonstrated, this is an untenable situa- 

tion. These are two of the more serious groundwater.pollution 
1 

0 
sites yet identified in the.Western U.S., and both were state h 

permitted sites while at least some of the pollution was occurring. . :  

Overall, groundwater quality monitoring 'networks near pollution 

somces in California are little different than t.hose in most other 

states, despite the Porter-Cologne Act. 

5: believe that the following are the major reasons for the 

present situation in California: 

1. Experienced groundwater hydrologis tsorgeologis ts  L..-' 
have rarely been involved.with the monitoring. 

2. The qualifications of individuals. competent to 
undertake such monitoring and interpretation'of 
the results have not been adequately specified, 
at either the state os federal leve'l. 

-. n,'Li- 

$ > < . r e  
, ,c- .̂C 

!/ 

V /  

3 .  The staffs of. local, state, and federai.regulatory 
agencies have usually not had and do not have a 

or geology to make meaningful decisions. 

.There has been a lack of definition of the specieic 
hydrogeologic conditions at'waste disposal sites. 
Decisions have commonly been made based on general- ~ 

ities that are often exroneous. 

.\-" .? 

h ?,, ' sufficient understanding .of groundwater hydrology i.. - 
4 .  

~. 

d 5 .  There are no agreed-upon approaches for groundwater 
quality monitoring. Rather, trial .and error methods 
have often been applied at a high economic .costs . . .~ 
Qualifications of Those Performing Monitorinq 

The topic of qualifications for those doing monitoring i s .  

controversial, partly because of the multi-disciplinary nature 

of the soil-aquifer system. and the complexity of pollution' meckan- 

isms. For example, wastewater, solid wastes,. soil.. and water and 

geologic materials in the vadose zone and aquifer may be sampled. 

. . .  .. . .  . .  
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Also, an adequate understanding of t h e  hydraul ic  aspects of t h e  

so i l - aqu i f e r  sys.tem is necessary.  Highly compfex chemical reac- 

t i o n s  may be .involved, and a knowledge of water chemistry,  s o i l s  

chemistry,  and geochemistry i s  advantageous i n  monitoring. Many 

s t u d i e s  now are  focusing on t r a c e  organic  chemical cons t i t uen t s ,  

and some knowledge of organic  chemistry i s . adv<sab le .  

d u a l s  o r  firms have a t t a i n e d  such knowledge i n  the .Western  U.S., 

p a r t l y  because of t h e  l a c k  of p a s t  groundwater p o l l u t i o a  studies.. 

! 

F e w  ind iv i -  

My opinion i s  t h a t  r e g i s t r a t i o n  i s  needed i n  t h e  s p e c i a l t y  i; 

v' of hydrogeology or groundwater hydrology. I n  Ca l i fo rn ia ,  many 

people  ca t egor i ze  t h i s s p e c i a l t y  under t h e  d i s c i p l i n e  of engineer ing 

geology. This ,  i n  e f f e c t ,  does a d i . sserv ice  to t h e  groundwater 

p ro fes s ion .  

l ogy  only on a par t - t ime b a s i s ,  because they are involved i n  rock 

Most engineer ing geo log i s t s  p r a c t i c e  groundwater hydro- 
' 

mechanics, s lope  s t a b i l i t y ,  s ep t i c - t ank  d i sposa l  desicjn, seismic I 

s t u d i e s ,  and o t h e r  a spec t s .  Much of t h e  work involved i n  ground- 

water  hydrology has  no r e l a t i o n  t o  engineer ing problems.: Thus, 

t h e r e  is no compelling reason t o  subjugate  t h e  groundwater hydro-. 

logy p ro fes s ion  beneath any o t h e r  d i s c i p l i n e .  Reg i s t r a t ion  i n  

gr0u.ndwate.r would r e q u i r e  completion of an academic program i n  

groundwater hydrology or  t h e  equiva len t  f u l l - t i m e  work exper.ience. 

Although u n i v e r s i t i e s  i n  Arizona, Mew Mexico, and Nevada have 

s p e c i f i c  degree.pgograms i n  groundwater. hydrology, I. know of no 

un ive r s i t , y  program s p e c i f i c a l l y  i n  groundwater hydrology. in .  

Ca l i fo rn ia .  TO those  of us  who a r e n a t i v e s o f . C a l i f o r n i a  and have .. 
completed such programs i n  o t h e r  s t a t e s ,  t h i s  is amazing[ The 

usua l  s i t u a t i o n  i n  C a l i f o r n i a  i s  t h a t  one or several classes i n  

groundwater a r e  t augh t  i n  engineer ing,  geology, or s o i l  science 0 
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departments. 

groundwater hydrology utilizing the multi-disciplinary approach., 

which has proven to be paricularly effectiGe at the' University of 

There is a need to train individuals in the  field of 

i 
. . Arizona. There is also a need to develop academic programs empha-, 

_ .  sizing groundwater .quality, pollution, and monitoring approaches ~ 

" 

and methods. 

in the Western U . S .  

great value in the southwest. I foresee the day when registra- 

tion in hydrogeology will be commonplace,. with sub-categories ,in 

specific fields such as gr0undwtP.r quality and pollution. 

Such programs are virtually non-existant at present 

.Programs focusing on arid lands would be 0.f 

. 

Monitoring Approaches 

Basic guideines need to be developed for at 1east.the follow- / 

ing items relative to monitor wells: 

I 
1. Siting . 

2 .  Casing type and diameter 
3.  Well development 
4 .  
.5. Methods of water sample collection :&rLU\ 

6. Frequency of sampling 

'\&a& I .  ' . 

'\b i; - 4  Annular seal and gravel pack 

. LA-,'* i& -P%..y :! -W% 7. Constituents to be analyzed 

In addition, guidelines for sampling solid materia.1.s in the vadose 

zone and aquifer shopld be developed. Sampling .of percolating 

water in the vadose zone should be given special attention, Guide- 

lines for sampling wastewater and solid wastes should be described. 

Besides approaches for direct monitoring, procedures should be 

established for background hydrogeologic investigations, such as: 

. 

1. Preparation of subsurface geologic cross sections. 
2. Water-level elevation contour maps and flownets. 
3.  Determination of direction and rate of groundwater 

4. Determination of pollution potential of various 

5. Definition of the character of the vadose zone. 

flow. 

sources I 
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r These background investigations provide the framework upon which 

successful groundwater quality monitoring progyams can be developed. 

a groundwater quality monitoring methodology was developed 
in the mid-1970's for the U.S. Environmental Protection Agency 

(Todd, et al, 1976). A more specific and up-to-date methodology 

could be made for California. 

developed based on methods of disposal, such as: 

Monitoring approaches couLd be 

1. Waste ponds or pits 
2. Injection wells 
3 .  Disposal to dry stream channels 
4 .  Irrigation 
5. Soil injection or incorporation. 

0 

An alternative would be to develop monitorj.ng approaches based on 

the type .of waste or source of wastesr such as: 

1. 
2 .  
.3.  
4.  
5 .  
6'. 
7.  
8. 
9. 

. 10. 

Urban storm runoff 
Landfills 
Sewage effluent 
Industrial wastes 
Feedlots and dairies 
Irrigation return flow 
Hazardous wastes 
Oil and gas activities 
mining 
Geothermal activities 

For California, monitoring approaches could be developed for 

at least the €allowing different hydrogeologic situations: 

1 unconsolidated rocks, 
2 .  consolidated sedimentary rocks 
3.  crystalline rocks -. 

Monitoring groundwater quality in crystalline and consolidated 

rocks often presents substantial problems because. of the irregular- 

ity of water-bear.ing fractures or other openings.., Many techniques 

u s a b l e  in 

other situations. 

. '  

alluvial groundwater basins cannot be applied to tlie. . .  
. .  

It would seem feasible ta develop such 'approaches 

in priority regions of the state. 

. .  
0 
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I Conclusions 

Adequate yroundwater q u a l i t y  monitoring networks are ope ra t ive  

a t  only  a small  percentage of t h e  s ta te  pe rmi t t ed  waste d i sposa l  :: 

si tes  . in  Ca l i fo rn ia .  One. of t h e  premier monitor ing networks i s  a t  

0 
$ 
% 

. .  . t h e  Occidental  Chemical s i te near  Lathrop., However, t h i s  network 

w a s  on ly  i n s t a l l e d  a f t e r  s e r i o u s  groundwater p o l l u t i o n  had occurred 

and epforcement a c t i o n s  w e r e  in i t ia ted . ; .  . gopefu l iy ,  .a procedure c& 

. .  - . ,  

? !( . 

. .. 
\x-$y be developed whereby adequate groundwater quality monitoring pro- 

grams can be . inac ted  t o  prevent  such occurrences.  
e. 

The main pro- 
. >  

presen t  a r e  t h e  l ack  of q u a l i f i e d  groundwater p ro fes s iona l s .  
' 

i n  t h e  r egu la to ry  agencies ,  t h e  lack of involvement o f  such pro- 

f e s s i o n a l s  i n  t h e  monitoring a t  many sites, the lack of academic 

t r a i n i n g  programs fo'cusing on groundwater q u a l i t y ,  po l lu t ion ,  and 

monitoring, and t h e  l ack  of a uniform procedure for  groundwater 

q u a l i t y  monitoring a t  waste d i sposa l  sites, 

blems have been proposed, and they i n v o l c g n o  new monies. h y r ,  
they  r e q u i r e  a f i r m  re-dedicat ion to  t h e  goal of.protecting ground- 

w a t e r  q u a l i t y  i n  Ca l i fo rn ia .  

-5ioXutions t o  these  pro- 0 
- z .  c 
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., TVater Quality Variations for ‘Pumping 

by Kenneth D. Schmidta 
0 

. ABSTR CT 
Past groundwater quality monitoring programs have 

often involved sampling of 1ow-capacity.wells near point or 
line sources of rechargc or pollution. However, large- 
capacity wells produce much of the ground water pumped 
for municipal. industrial. and agricultural uses. Short-term. 
seasonal, and long-term fluctuations in quality arc common 
for water pumped from many large-capacity wells. In many 
cases, there is a considerable difference between in-situ 
“groundwater quality’’ and the quality of water sampled a1 
the well discharge. 

rhe San Joaquin Valley. California have indicated that 
n i m t e  concenmtions decreased cxponentially with 
pumping time. Variability in pump operation creates 
substantial short-term changes in wellwater quality. 
Short-term changes arc’most evident for infrequently 
pumped, shallow wells near point or line sources of 
rechargc or pollution. Seasonal changes in quality have 
been documcnted for water from wells in areas of diffuse 
sources of pollution. such as agricultural return flow and 
septic t ank .  These changes are-primarily due to significant 
changes in depth to water and vertical hydraulic head 
gradient. Once the  short-term and seasonal trends are 
cstablishcd, thc optimal sampling approach can be 
determined in order to establish long-term trends. 

Short-term pump tests for several municipal wells in 

0 

INTRODUCTION 
flonitoring programs for various’.parameters of 

environmental quality are growing at a rapid rate. 
Proposed monitoring programs for ground-water 
qualityare no exception. Although sampling of 
springs, tile drains, and baseflow of streams may 
provide an indication of ground-water quality,, 
most of the discussion in this paper concerns water 
sampling of pumping wells. This is not meant to 
minimize the value of land surface monitoring, 
cmpling in the vadose zone, and sampling of non- 

. . .  . . pumpingwells. . \ 

One item of concern in monitoring ground- 

aGround-Water Quality Consultant. 1111 Fulton Mall, 

Discussion open until August 1, 1977. 
Fresno, California 93721. 

i . .  
I ;  

. .  

.. . . .  

water pollution is the location of the  well with 
respect to  the pollution source. Also, well c o n m c -  
tion and the hydrogeologic framework determine 
the depfh interval from which ground water is 
produced by a pumped well. Thus, a second item is 
the vertical extent of the polluted zone-and its 
relation to  the producing zone of the well. Thirdly, 
the frequency of sample collection is of crucial 
importance to ground-water quality monitoring. 
Care should be taken .to differentiate betwen 
“ground-water quality” and “well-water quality.” 
It has frequently been stated that ground-water 
quality changes very slowly. Perhaps of more 
importance is the variability in quality of water 

addressed in this paper. 

quality refers to  a sampling period over minutes or 
hours after the initiation of pumping. “seasonal” 
trend in well-water quality refers to a sampling 
period sufficient to establish seasonal variations. 
“L6ng-term” trend in well-water qualitynfers to a 
sampling period of many years or decades. A 
“high-capacity” well is generally one which is 
pumped at rates exceeding several hundred gpm. A 
“low-capacity” well is generally one which is 
pumped at rates of less rhan 50 gpm. “Point,” . 
“line,” and “diffuse” sources of recharge or 
pollution are used in the hydrologic context. A 
“point source”general1y covers a small area, such 
as a landfill or percolation pond. A “line source” 
has the length dimension much greater than rhe 
width, such as a stream channel. A “diffuse source’’ 
covers a large area, such as return flow from crop 
irrigation. 

discharged from pumping wells, a topic to be .- .. 

In this paper, “short-term” trend in well-ware 

REASONS FOR WATER QUALITY 
VARIATIONS FOR PUMPING WELLS 
At first glance, it mighr seem that the q d i y  

of water pumped from a well should be rather 
constant with time. The situation is somewhat 

’ . Reprinted from theMarch-April 1977, Volume ‘15, Number 2 issue of Ground Wafw 
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analagous to that during the early stages of aquifer 
analysis, when The simplest cases received first 
attention. In the early stages of aquifer analysis, 
hydraulic head declines during pumping were 
analyzed for the "ideal" aquifer.%ater develop- 
ments in aquifer analysis included derivations 

.for other situations such as water-table aquifers,, 
leaky artesian aquifers, partial penetration, and 
assessment of boundary conditions. Ir should be 
noted that factors altering the response.in hydraulic 
head to pumping can also influence the quality of 

In general, theremay be a distinct water 
quality in each mata  penetrated by a.well. The 
variation in composition of aquifer materials with 
depth, along with possible differences.in the source 
of recharge for  some strata, may result in vertical 
stratification of ground-water quality. Secondly, 
the permeability of individual strata also varies. 
Thus, the water pumped from a well represents an 
integration of the quality of ground water in. 
various producing zones. Thirdly, there is a radial 

+,variation in quality of water in the aquifer with- 
& z a n c e  from the pumped well. This is particu- 

larly so for weIls near point or line sources of. 
pollution-These factors combine to  produce 
changes in well-water quality with time during 
pumping. 

aquifer systems clearly indicate differences in 
flow patterns for wells penetrating confined as 
opposed to  unconfined aquifers. If a source of 
pollution is ar or near the land surface and has 
affected the shallow ground water, the quality of 
water pumped by wells in these two basic aquifer 
types is clearly differenr. Continued pumping of a 
confined aquifer may produce inflow of water from 
nearby unconfined areas. Water in the unconfined 
aquifer may be of much different quality than that 
of water originally in the confined aquifer. Leakage 
from overlying or underlying aquifers during 
long-term pumpage may induce flow into the 
confined aquifer of water of a much different 
quality. Partial penetration is common in many 
aquifer systems. Hydraulic head patterns are 
affected near pumping wells and significant changes 
in the quality of pumped water may result. 
subsidence due to hydraulic head declinesresuJrs 
in water being expelled from finergrained . . . 
materials in aquifer systerns..Such water comprised 
as much as 40% of the water.withdrawn by wells 
in subsiding areas of the San Joaquin Valley. This 
water may be of different composition than graund 

water pumped from the well. . .  

. .~ FIow'net consideratidiis for.cross sections of 

water in the remainder of thesysrem. -i! 

UTERATURE REVIEW 
h review of a number of published accounts 

of ground-water quality monitoring indicates 
that water well sampling has.been extensively 
utilized in certain situations. One situation is near 
point or line sources of recharge or polIution, 
where large volumes of, water or.wastewatec are 
recharged per unit area of the land surface. 
Arrificial recharge and liquidwaste disposal by 
percolation ponds, pits, and injection wells, and 
solid waste disposal by landfills are in this caregory. 
A second c o r b o n  situation is the case of monitor- 
ing ground water affected by. water of high salt or 
ion concentration. Examples,are in areas of salt- 
water intrusion, oilfield brine disposal, roadsalt 
contamination, and industrial waste disposal., 
Some cases involve.both of these situations 
simultaneously. Hydrograpbs illustrating the 
variation of water quality parameters with time 
have frequently been presented in case histories 
for these situations. 

On the other hand, the effecc. of recharge or 
pollution from diffuse sources, excluding salt-water 
innusion, has seldom been analyzed by means of 
hydrographs for well-water qualiry..Examples of 
these sources include irrigation return flow and 
, sq t i e  tanks, which are rertainly of major concern 
in many-parts of the western US. Hem (1970) and . 
Piskin (1973) analyzed water quality hydrogtaphs 
for wells likely affected by ap icu lnnl  practices. 
Schmidt (1972) and Quanetal. (1974):used this 
tool in evaluations of septic tank p.ollution. 
However, warer quality fluctuations during pumping 
of large-capacity wells have received little atrention. 
Such fluctuations are important, as a large propor- 
tion of ground water used for municipal;industriaI, 
and agricultural use is withdrawn by such wells. 
These wells can be extremely useful for purposes 
of ground-water quality monitoring because of the 
large volume of water pumped compared eo that 
normally obtained from smalldiameter observation 
wells and other devices. 

Past water well sampling near point or line 
sources of large recharge volume andlor high salt or 
ion content has amply demonstrated the need for 
ftequenr sampling. Significant changes in Wafer 
quality have often been documented in such situa- 
Zions on a daily, weekly, or monthly basis. In many 
cases, rhis is due to the rapid recharge of large 
volumes of water and/or pollutants per. unit area. 
in.the vicinity of wells. However, the sampling 
frequency required for water sample collection 
from wells, in orderto evaluate.the effeas of 
diffuse sources ofrecharge or pollution on grouid- 

! 
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water quality, remains an unknown in many areas. 
In this case, a relative small volume of water or 
pollutant load per unit area is slowly recharged. 
Two difficulties are often faced. First, a number of 
sources of pollution and recharge are usually 
present. Secondly, travel times of water and 
pollutants from the land surface to the water' 
table GI this case are often unknown. Presented 
in the following paragraphsare examples of the 
use of water quality hydrographs for analysis of 
diffuse sources of recharge or polluiion. 

1_ 

' 

EAST YORKSHIRE, ENGLAND 
Foster and Crease (1974) reported on nitrate 

pollution of ko&d ware& the chalk aquifer of 
East Yorkshire, England. Travel times of water in 
the saturated zone have been well documented, 
and commonly are in the range.of tens or hundreds 
of feet per day. Travel times in the vadose zone in 
this area are a topic of great controversy. Municipal 
supply wells were frequently sampled during the 
1962 to 1972 period. Nitrate contents ranged from 
about 11 to 20 mg/l from 1960 to 1969 and were 
relatively constant in water pumped from each 
'well. However, sharp increases in nitrate content 
occurred for many wells during 1970 to 1972, at 
which time the nitratecontent of well water was 
commonly 35 to 50 mgA. §easonal variations in 
nitrate content of water pumped from some wells 
approached 10 mg/l during this latter period. 
Maximum nitrate contents occurred during the late 
spring and early summer whereas minimum nitrate 
contents o c c k e d  in f ie  fall. Daily and weekly 
samples did not reveal any rapid fluctuations. 

Land use above the unconfined'aquifer is 
primarily agricultural and soils are light-cextured 
and freely-drained. A marked increase in fertilizer 
application rates occurred in about 1959 (Foster 
and Crease, 1974). Water samples from shallow 
depths in the vadose zone beneath fertilized 
farmland frequently contained more than 65 
mgll of nirrare, whereas the nitrate contents in 
water samples below unfertilized grasslands were 
usually less than 2 mg/l. Other sources of nitrogen 
did not appear t o  be regionally significant over the 
study area. The increasing nitrate contents of well 
water about ten years later indicate that average 
rravel times in the vadose zone may be about ten 
years. However, flow rates in the vadosgpne are 
uncertain, due to the possibility of both inrer- 
granufar and fissure flow. The authors illustrated 
the importance of frequent sampling of wells. 
Relevant factors at the land surface and in the 
vadose zone were assessed: 

- 
. 

GROVER CITY. CALIFORNIA 
The California Department of Water Resources 

(1962) and Stout et al. (1965) studied nitrazes in 
ground water of the Grover City-Arcoyo Grande 
area in §an Luis Obispo County, California. Alluvial 
deposits several hundred feet thick comprise the 
aquifer. Rainfall averages IS inches (46 centimeters) 
per year and wells provide the water- ~ p p l y  for . . ' 
municipat and agriculruraluse. Many wells in the 
area had nitrate contents exceeding IO0 mg/l inthe 
early 1960's. Primary nftrogen soltcces were . 

ferrilizers, sewage effluent, andseptic tank effluent. 
Sandy soils'in many areas enhance percolation of 
nitrogen compounds from the land surface eo the 
water rable. The highest nitrate contents appeared. . , . 

part of Grover City, and secondariiy, downgradient 
of the Arroyo Grande sewage treatment plant and 
nearby irrigated fields.. 

The California Department of Water Resources 
(1962) reported on seniiannualsampling of wells 
during 1958-60. l a w  nitrates inthe spring,and high 
nitrates in the €all.were common for water from 
some wells, and some-seasonal fluctuations exceeded 
25 mg/l. Stout e t  al. (1965) subsequently showed 
that under crop-irrigation, remrn flow fiom excess 
applied irrigation water could.reach the water table 
in about m u  years. Scfficienr analyses were not 

' 

. .  . 

,+,wells immediately downgradient of an unsewcred . .  

. .  aviiiable to evaluate long-term trends- . . .  
Two heavily pumped municipal weJls in 

Grover City were chosen for frequent sampling 
by Stout etal.  (1965) in July 1964. Both wells 
were! reported to be 180 feet (55 meters) 'deep, 
and the casing perforatedfrom 36 to 380 feet (11 
to 55 meters) below land surface. They were both 
drilled by the direcr rotary m&od and gravel 
packed. One well was sampledduring a 15-hour 
conrinuous pumping period and the second was 
sampled during continuous pumping for about 
six hours.afrer a 48-hour shutdown. The nitrate 
contents for water sampled during both pump tests 
were essentially constant. These shorz-term tests 
iIlustrate the consistency in chemical quality of 
water pumped from some wells during heavy 
pumping periods. 

. . .  

DELANO, CALIFORNIA 
The California Deparrmenr of Water Resources 

(1968) reported on the Delano nitrate investigation. 
Delano is a small town in a predominantly agri- 
culmral area north of Bakersfield, California in the 
San. Joaquin Valley. Alluvial deposits comprise the 
aquifer land sandy, permeable soils overlie much of 
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Fig. 1. Seasonal nitrate variationsfa: municipal water-supply 
wells a t  Delano. 

. the area. The mean annual rainfall is about 10 
inches (25 centimeters). Overdraft due to excessive 
ground-water pumpage had lowered the water level 
over 200 feet (61 meters) over a large area by 
1950. However, imports of surface water in the 
Friant-Kern Canalbegan in 1951, and.a subsequent 
recoveryin water levels of up to 150 feet (46 
meters).had occurred by 1968. The depth to water 
near Delano wasin the range of 100 to 150 feet 
(30 to 46 meters) below land surface in 1967. The 
average nitrate content of water samples taken in 
March 1967 from 105 wells was over 50 mgli. 

Substantial increases in the nitrate content of 
ground water accompanied the water-level rises of 
the 1950's and 1960's. The 1ikely.source of high 
nitrate contents in ground water is nitrogen 
fertilizer. Nitrate contents in water pumped from 
large-capacity municipal wells in Delano showed a 
substantial seasonal variation (Figure 1). This 
variation was directly related to water-level 
fluctuations. Seasonal fluctuations in depth to 
water of 20 to 30 feet (6 to 9 meters) were 
common and in some cases exceeded 50 feet (15 
meters). The California Department of Water 
Resources (2968) postulated that during periods 
of rising water levels, high nitrates in w.ater 
formerly above the water table were intercepted 
by the ground water. Chemical analyses 
documented substantial seasorial .and long-term- 
changes in groundwater quality in a situation where 
water 1eveis.fluctuated in an extreme manner. 

A two-hour pump test was.conducted on a 

. 

- 0  
.: 

Delano municipal well in August 1967 during a 
period of heavy pumping. The well was 1,038 feet 
(316 meLers) deep, had a 14-inch (36-centimeter) 
diameter casing installed to the bottom, was gravel 
packed, and perforated from 300 feet (91 meters) 
to the bottom. The static waFer level was about 
200 feet (61 meters) deep, discharge was 1,380 
gpm (87 Ips), and the drawdown after two hours 
of pumping was about 30 feet (9 meters). Figure 2 
is a semi-logarirhmic graph of nitrate content with 
pumping time made by this author from the test 
results. The California Department of Water 
Resources (1968) ascribed the high nitrates of the 
first few minutes of the test to the removal of 
shallow water standing in the  well. Calculations 
indicate that it woufd take less rhan one minute to 
remove a volume of water equivalent to that of 
the water in thewell benveen the static water 
level and the top of the perforations. About five 
minutes would be required to remove a volume of 
water equivalent to that in the entire well prior 
to pumping. 

occurred after about three minutes of pumping. 
A decrease in nitrate content with the logarithm of 
pumping time is apparent, which is analagous to a 
water-level decline during pumping. These results 
indicate the variability in well-water quality 
that may occur if an arbirrary rime is selected 
for sampling after pumping has begun. A number 
of large-capacity wells in the San Joaquin 
Valley and elsewhere are commonly 
sampled aiter the pump has been mrned on for 
only 5 or 10 minutes. 

. 

Considerable stabilization o€ nitrate content 

0 1 
CITY OF DELANO 

WELL NO. 9 
. . AUGUST ,9$ 1962 

i 10 100 
TIME SINCE PUMPING STARTED [MINUTES) 

Fig. 2. Nitrate contents during short-term pump test at 
Delano. 

. . .  
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FRESNO, CALIFORNIA 

the hydrogeologic framework, nitrogen sources, and 
distribution of nitrate in ground water of the 

(I Schmidt (1972) previously described in detail 

0 Fresno urban area. 

. .  

0 

Long-Term 'Trencis 

long-term trends in groundwater quality in 
many parts of the San Joaquin Valley is rhe lack 
of uniform sampling and analytical procedures over 
the period of record. IC is not uncommon to have a 
half dozen or more different agencies or investi- 
gators involved during decades.of sampling, each 
using different sampling approaches and analytical 
techniques. In the following example of long-term 
water quality gends,-ghis problem is minipal. 

Well T13SIR20E-21EI is a municipal water- 
supply well in the northwestern part of the Fresno 
urban area. The alluvium is several thousand feet 
thick and the-water table has been declining due 
to extensive pumpage in this area in recent decades. 
Septic tanks were used until about 1973, and 
because of the presence of a rather-impermeable 
shallow hardpan, seepage pits were commonly used 
for disposal of the septic tank effluent. Nineteen 
nitr.ate analyses are available over the period 1955 
to.1975, withmost since 1966. The well is 185 
feet(56 meters) deep and has an unperforated 
casing extending to 154 feet (47 mecers) in depth. 
The well produces about 800 gpm (50.5 Ips) a t  a 
drawdown of about 8.5 feet (2.6 meters). Static 
water levels have declined from less than 70 feet 
(21 meters) in 1958 to.more than 100 feet (30 
meters) below land surface by 1975. 

The long-rerm trend from 1955 to 1975 
indicates a constancy of nitrate (Figure 3), as values 
have Pluct,uated about an average of about 15 mg/l. 
The same trend is shown by water quality 
hydrographs in a number of ehe wells in this 'area. 
This is probably because of several factors. First, 
the area is underlain by extensive cobble, gravel, 
and .sand layers which. permit considerable 
recharge from areas upgradient of the septic 
tank area. Secondly, the well does not draw water 
from the shallowest part of the aquifer where the 
nitrate contents are the highest. Schmidt (1972) 
previously illustrated the vertical stratification of 
nitrate in ground water of this area. The layeied 
nature of the alluvium hinders downward 

One of the most difficult problems in assessing 

Fig. 3. Long-tern nitrare'trendr in an unsewered part of 
Fresno. 

were apparenr (Figure 3), with generally higher . 
. nitrate contents occurring in May. Between 1970 

and 1975, larger nitrate fluctuationsoccurred than 
previously. These fluctuations appear to be related 
to the water-level declines. As water levels decline, 
the well gradually draws water from shallower parts 
.of the aquifer. The primary producing zone for chis 
well in 1955 was abput 90 to  I10 feet (27,to 34  
meters) below the warer table. By 1975, thiszone 
was only 50 to 70 feec (15 to 21 meteis) below the  
water table. Fluctuations in nitrate contenr are 
.greater in~the shallow parrs of the aquiferthan in 
the deeper zones becauSe recharge from septic . . 
tanks, canals, and other.sources originates at or near 
the land surface. The areal distribution of water 
quality paramcters in the shallow part OF rhe aquifer 
is thus less uniform than thatin deeper ground 
water. 

Seasonal Trends 

several large-capacity, pumping municipaI water- 
supply wells. in the same area as the previous 
example. 

deep with a 12-inch (30-centimerer) diameter 
unperforated casing installed to 150-feet (46merqs) 
depth. The depth to water was about 100 feet 
(30 meters) below land surface in 1972-73. The 
well pumped abouc 700 gpm (44 Ips) with a 
drawdown of about seven feet (2.1 meters). 
Figure 4 illustrates nitrate and chloride hydrographs 
for the sampling period. Nitrate contenes vary 
seasonally from as low as 12 mg/l in the winter to 
as hieh as 40 me11 in the summer. This seasonal 

Monthly samplesurere taken in 1972-73 from 

Well T13S/RZOE-I7Gl~is 180 feee(55 meters) 

- 
movement of nirrate into deeper parts of the trena has also appeared during semi-annual . . 

sampling of many other wells in this area. Most.of 
this seasonal variation is attributed to hydraulic< 

?; 

0 aquifer. 
Semi-annual sampling (May and November)' 

was undectaken for several years. Seasonal trends head differences during pumping. 
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Water-level measurements for piezometers 
in comparable parts of the San Joaquin Valley 
have indicated the variation in hydraulic head with 
depth on a seasonal basis. Nitrate contents are 
highest in the shallower parts of the aquifer. During 
heavy pumping, downward movement of nitrate 
into the producing zone is induced by the lowered 
hydraulic head of the producing zone compared to 
that in shallower depth zones. This could also 
explain the seasonal nitrate fluctuations observed 
at Grover City and Delano. In this case, nitrate 
and chloride seasonal time-trends are similar for 
several reasons: (1) nitrate and chloride are both 
supplied largely by septic tank effluent, (2) nitraee 
and chloride are both mobile in the soil/ground- 
water system, and (3) physical faaors, such as 
hydraulic head differences, largely control changes 
in the quality of water pumped from wells. This 
example illumares the magnirude of seasonal 
variations in well-water quality under some 
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Fig. 4. Seasonal water quality variations in an unsewered 
part of Fresno. i, 
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Fig. 5. Seasonal water quality v a f i ~ i o i u  in an unswvwed 
part of F:erno. 

circumsrmces. The imporrance of uillizing oeher 
quality parameters, such as chloride, is evidenp. 

area showed large nitrate fluctuations during the 
sampling period (Figure 5 ) .  This well is 305 f e e  
(93 meters) deep, has a 14-inch (36rentimeter) 
diameter casing perforated from 150 to 300 feet . 
(46 to 91 meters), and is gravel packed. Nitrate 
contene ranged from a low of about 10 to a high 
of 55 mg/l during 1972-73. Nitrate and chloride 
trends are again parallel. For the first few samples, 
it was unknown how long the well had been 
pumping when the water samples were collected. 
Subsequent sampling indicated that the nitrate. 
content of pumped water actually varied from 

, 

samples,to morethan 50 mg/l for others. ~ 

Inspection of the pumping.pattern indicated &.at 

A second well (TlWRZOE-17K) in the same 

'. 

, day to day, from less than 20 mg/l for some 

'1 

. .. 
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this well was being pumped in a very erratic 
manner. In some cases the pump was on for only 
several minutes at a time. High nitrate contents 
appeared in the well water during this situation. 
After several. hours. of continuous pumping, nitrate 
contents were much lower. This exampIe indicates 
the importance of knowing the frequency of pump 
operation when sampling large-capaciry wells. It 
also suggests that chemical analyses of well water 
during short-term pump tests would be valuable in 
some cases. Such tests duplicate acruai pump 
operation and demonstrate water quality fluaua- 
tions of a very practical nature. 

Short-Term Trends 

durhg pumping of two large-capacie municipal 
wells in rhe Eresno urban area in June 1970. 
Well T14SEt2lE-6Q is 520 feet (159 meters) 
deep, has a 20-inch (5lrentimeter) diameter 
casing perforated from 140 to 420 feet (43 to 128 
meters), and is gravel packed. The well had been 
idle for the 24 hours prior t o  the pump test, and 
depth to water.was about 70 feet (21 meters). 
Figge 6 is a graph of nitrate contents.with the 
logarithm of time. Nitrate coniermdecreased 
exponentially with pumping time. At about 35 
minutes into the pump test, the well was surged 
.due to.excessive sand production. Pumping was 
stopped for about two minutes, then resumed. In 
this case the nitrate content almost doubled when 
pumping was resumed. The source of nitrate is 
probably from septic tanks in nearby-unsewered 
areas upgradient of &e well. The well was treated 
with sodium hypochlorite prior to the pump test 
which cciiuld affect.bacteriologica1 reactions and 
nitrate contents+ Water samples taken annually in 
June in subsequent years have contained. a nitrate 
content between 8 and 15 mg/l. Such values can be 

The author collected frequent water samples 

. .  

extrapolated from the.firsr part of the 1970 
pump test for a pumping time of about two hours. 
The high values are similar to those after only 
several minutes of pumping during the.1970 pump 
test. This example clearly documents rapid changes 
in well-water quaIity as relaxed to pump operarions. 
A suitable sampling schedule should thus take 
into consideration the length of pumping prior to . 

: 

-sample collection. .. . . . . .  

Well T14S/R2OE-9B, in the downtown Fresno: 
. .  . 

area, was also tested in June 1970. This well was 
177 feee (54meters) deep.and.had 167 feez (51 
meters) of unperforated 20-inch (Sl-centimeta} 
diameter casing. Depth towater was about 
70 feet (21 meters). This well wm normally not in 
use, as it was an oIder well q d  commonIy produced 

. hgh nitrates in the pumped water.Water.samples 
could not be collected during the Fist ten. 
minutes of pumping, but nine samples were taken 
later (Figure 7). There was a-nitrate peak about 15. 
minutes after the initiation of pumping.~Except 
for this peak, most of the values show a nearly 
linear decrease in nimate with logarithm of rime. 
Thus an exponenrial decrease.in nitrate with 
pumping time'was again evident. Chloride anaIyscs 
indicate that the source of niu& in this case is 

Thisexample illustraFes,the changes.in well-water . . 
quality which can occur for wells which are 
infrequently pumped. This point deserves. 
consideration-in the sampling of monicor wells 
which may either be infrequently pumped or 
not pumped at  all. 

. . 

probably leaking sewers.in the downzown area. I. 

§UMMARY AND CONGLUSiONS . 
The validity of the cammonIy accepted adage ' 

that "ground-water qualiry changes slowly" may 
not apply to pumped large-capaciry wells. The US. 
Environmental Protection Agency (1975) interim 

. 
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Fig. 6. Nitrate contents during a short-term pump test near 
an unsewered part of Fresno. * I  

I I I I I I I I I I  , I t 1 , 1 1 1 ,  
10 20 30 lm Po u a r o x l  

TIME SINCE PUMPING STARTED LMINUTESI 

Fig. 7. NitratecontenPduring a short-Zerm pump test in 
downtown Fresno. . I  
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rrimary urintiing wacer Keguiations esraoiisn a 
triennial sampling frequency for inorganic 
chemicals in community water systems utilizing 
only ground-water sources. Frequencies such as 
this are not advisable unless short-term and 
seasonal changes have first been evaluated. Annual 
sampling is generally nor nearly of sufficient 
frequency in the case of wells near point or line 
sources of recharge or pollution. 

Short-Term Trends 

or hours of pumping are often related to pump 
operation. Large fluctuations in water quality over 
short time periods can occur under the following . 
circumstances: 

Changes in water quality after S.few minutes 

1. After only a few minutes of pumping at any 

2. After only a.few hours or days of pumping 

time. 

if the well has been inactive for several weeks. or 
monrhs. This is partiplarly true where.perforations 
extend above the waeer table. 

3. When the well is periodically surged or 
infrequently pumped. 

4. When wells are constructed so as to draw 
water directly from the strata nearest the water 
table in developed areas. 

5 .  When wells are close to point or line sources 
of recharge or polluxion, particularly in cases where 
large volumes of recharge or high pollutant loads 
are involved. 

Seasonal Trends 
Seasonal changes in well-water quality are 

related primarily to  (1)'pumping patterns, (2) varia- 
tions in the magnitude and quality ofrecharge from 
point or line sources, and (3) amount and quality 
of water reaching the water table from the vadose 
zone. Obviously, heavy pumping may alter the 
hydraulic head distribution significantly. The 
horizontal and vertical components of ground- 
water movement may change-significantly, both in 
magnitude and direction. There are almose always 
seasonal.variations in the amount of recharge from 
precipitation, stream seepage, canal seepage, 
artificial recharge basins, and waste disposal ponds. 
The quality of the water recharged.also usually 
varies seasonally. 

Long-Term Trends 

can most.effectively be demonstrated by utilizing 

. -  

. .  

Long-term changes in ground-water quality 

optimum samphg frequencies. Analysis of short- 
term and seasonal changes must first be made. In 
some cases this will require frequent sampling 
during continuous pumping for several hours or 
days, followed by monthly sampling during the 
year for several years. Once the seasonal 
variability is established, annual or semi-annual 
sampling will probably suffice in most areas where 
diffuse sources of recharge or pollution are present. 
One of the most severe limitations of available 
analyses in most areas is the lack of uniformity of 
sampling and analfical methods over long time 
periods. 

Long-term groundwarer quality trends 
primarily reflect (1)  long-term hydrorogic 
phenomena that affecr recharge, (2)variations in 
recharge rate and water quality of pollution sources, 
and (3 )  changes in water level and dueaion of 
ground-water movement. For successful monitor- 
ing of groundwater quality in areas of diffuse 
sources of recharge or pollution, water samples 
musr be taken from large-capacity wells over long 
time periods, in the order of decades-To interpret 
the results of this monitoring, detailed knowledge of 
the soil-aquifer system is essential. 
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The report  contains tables  showing data on prec ip i ta t ion ,  
surface water flow, groupd water leve ls ,  and surface and ground 
water qual i ty  i n  the north coastal  area during t h e  1974-75 water 
year. Figures show the loca t ion  of climatological s t a t ions ,  sur- 
face  water measurement s t a t ions ,  surface water sampling s t a t ions ,  
and ground water basins.  
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d i t ions  i n  the  north coastal  area.  

I 

i 

v i  



A P P r n I X  c 

GROUhU1, WATER MUSUREMENTS 

This appendix contains ground water . leve1 measurements 
from 6 1  w e l l s  f o r  the  period October I, 1974 through September 30, 
1975. It a l so  contains a t a b l e  which summarizes the  measurements. 
Wells in t h e  network are continuously reviewed and, when condi t ions 
d i c t a t e ,  replacement wel ls  a r e  loca ted  and measured. 

There a r e  n ine  ground water basins  i n  the  North Coast 
Region for which data  are reported.  

Two numbering systems a r e  used by the Department t o  
facil i tate the processing of water l e v e l  measurement da t a .  
two systems a r e  the  Region and Basin Designation and the  S t a t e  
"ell Numbering System as described below. 

The 

The regions a r e  those of t h e  Cal i fornia  Regional Water 
Quality Control Boards whose geographic areas are. defined i n  
Section 13200 of the  Water Code. 
covered by t h i s  repor t  i s  included i n  t h e  North Coast Region. 
decimal system of t h e  form 0-00.00 has been se lec ted  according to 
geographic regions,  ground water basins,  and subbasins o r  subareas 
as follows: 

That port ion of Northern Cal i forn ia  
A 

1 - 01 00 
T T T  

Region (North Coast Region) 

Subbasin o r  Subarea (Subbasins o r  subareas have not  
Ground Water Basin (Smith River Basin) 

been defined i n  the North C o a s t  Region) 

The S t a t e  Well Numbering System i s  based on township, 
range, and sec t ion  subdivisions of t h e  Publ ic  Land Survey. 

A sec t ion  is divided i n t o  40-acre t r a c t s  as follows: 

1 

Sequence numbers i n  a tract a r e  generally assigned i n  chronological 
order.  

-17- 



I 

The nunber of &, wel l , .  assigned i n  accordance rgith t h i s  
systen,  i s  referred t o  a s  the S ta t e  Well Nunbsr, a s  i l l u s t r a t e d  
be l  ow : I 

Section & 
Tract 

Sequence Number 

Base and Meridian 
I 

T h i s  number i d e n t i f i e s  and locates  the  w e l l .  In  the  example, the 
w e l l  is i n  Township 16  North, Range I West, Tract J of Section 2, 
located i n  t h e  Humboldt. Base and Meridian. 

! 



TABLE C- l  

AVERAGE CHANGE OF GROUND WATER LEVELS 
AND SUMMARY OF WELL MEASUREMENTS REPORTED 

NORTH. COASTAL AREA 

: Average : 
: Change : Number of 
: Spring 1974 : Measuring : Wells Reported : Ground Water Basin 

t o  : Agency : 

Name 
: Spring 1975, : : Fall Spring : 

Number : i n  f e e t  : : 1974 1975 : 

.NORTH COASTAL REGION 

Smith River Plain 

Butte Valley 

Shasta Valley 

Scot t  River Valley 

Mad River Valley 

E e l  River Valley 

Round Valley 

Laytonville Valley 

L i t t l e  Lake Valley 

1-01.00 

1-03.00 

1-04.00 

1-05.00 

1-08.00 

1-10.00. 

1-11.00 

1-12.00 . 

1-13.00 

-0.9 

+1.8 

-0.2 

-0.7 

-0.9 

-1.5 

-0.9 

-0.4 

-1.4 

DWR 

DWR 

DWR 

DWR 

DWR 

DWR 

DWR 

DWR 

DWR 

8 

15 

9 

5 

2 

7 

4 

3 

5 

8 

13 

8 

5 

3 

6 

7 

4 

5 

DWR - Department of Water Resources 
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TABLE C-2 

GROUND :WATER LEVELS AT WELLS 

An explanation of t he  column headings and the  code symbols follows: 

S ta t e  Well Number - Refer t o  t h e  explanation presented on page 1 7 .  
I 

Ground Surface Elevation - The numbers i n  t h i s  column are t h e  
elevation i n  f e e t  above:mean sea level (USGS datum) of t h e  ground surface 
a t  the well .  
accuracy i s  controlled by topographic standards. 

Elevations are usually taken from topographicmaps and the 

- Date - The date  shown i n  the  column i s  the  d a t e  when the depth 
measurement given i n  t h e  next: column w a s  made. 

I 

Ground Surface t o  Water Surface - This i s  the  measured depth i n  
f e e t  from the ground surface t o  the water surface i n  t h e  w e l l ;  some of 
t h e  depth measurements in t he  column may be preceded by a number i n  paren- 
theses t o  ind ica te  a questionable measurement. The code applicable t o  
these "questionable measurements" i s  as follows: 

(1) Pumping (6) Other 
(2) Nearby pump operating (7) Recharge operation at  
(3) Casing leaking o r  w e t  or near wel l  
( 4 )  Pumped recent ly  (8) O i l  i n  casing 
(5) A i r  o r  pressure gage (9) Caved o r  deepened 

measuremenr: 

When a measurement was attempted, but  could not be obtained, then only a 
number i n  parentheses i s  s h o h  i n  the  column. 
these "no measurements" is a s  follows: 

The code applicable to 

(1) Pumping , (6) Well has been destroyed 
(2) Pump house locked (7) Special 
(3) Tape hung up (8) Casing leaking o r  w e t  
( 4 )  Cannot get tape in ' ca s ing  (9) Temporarily inaccessible  
(5) Unable t o  loca t e  w e l l  (0) Measurements discontinued 

The words FLOW and DRY ,are shown i n  this column t o  ind ica te  a flowing o r  
dry w e l l ,  respect ively,  
indicates  t ha t  t h e  s t a t i c  water level i n  the w e l l  i s  t h i s  dis tance i n  f e e t  
above the  ground surface.  ; 

A minus s ign preceding t h e  number i n  this column 

Water Surface Elevation - This i s  the elevat ion i n  f e e t  above 
mean sea l e v e l  (USGS datum) pf the  water surface in t he  w e l l .  
derived by subtraction of t h e  depth measurement from the  ground surface 
elevation. 

It was 

Agency Supplying Data -Each of these numbers i s  the code number 
f o r  the agency supplying data f o r  tha t  measurement. 
Water Resources i s  the  soleiagency supplying ground water l e v e l  measurement 
data f o r  t h i s  repor t .  

The Department of 

0 It has been assigned an agency code number o f  5050. 
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TABLE C-2  

GROUND WATER LEVELS AT WELLS 

NORTH COASTdL *REA 
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Appendix,C 

GROUND WATER FEASUREEENTS 

T h i s  appendix con ta ins  s m a r y  and s e l e c t e d  information concerning 
the l e v e l  of  ground wa te r  i n  wells w i t h i n  3 2  ground water bas ins  or a r e a s  i n  
S o r t h e a s t e r n  C a l i f o r n i a .  Wells a r e  s e l e c t e d  t o  r e f l e c t  t h e  ground water con- 
d i t i o n s  of the a r e a .  
d i c t a t e ,  replacement wells a r e  loca t ed  and measured. 

These w e l l s  a r e  cont inuously reviewed and, when cond i t ions  

E a r l i e r  e d i t i o n s  of t h i s  r e p o r t  contained a t a b u l a t i o n  of i n d i v i d u a l  
measurements o f  ground water l e v e l s  a t  wells. T h i s  type of d a t a  c o l l e c t e d  
by the Department w i l l  be a v a i l a b l e  a t  the v a r i o u s  d i s t r i c t  o f f i c e s  of  t h e  
Department. 
addresses  o f  t hese  d i s t r i c t  o f f i c e s .  

Please see t h e  i n t r o d u c t i o n  a t  t h e  f r o n t  of chis volume f o r  the 

Table C - 1  shows t h e  average change i n  ground water  l e v e l s  f o r  t h e  
va r ious  b a s i n s  i n  Nor theas t e rn  C a l i f o r n i a  from s p r i n g  197Lr t o  s p r i n g  1975 
This  t a b l e  a l s o  shows t h e  number of w e l l  measurements c o l l e c t e d  i n  the v a r i o u s  
a r e a s .  
ground w a t e r  i n  t h e  s p r i n g  f o r  t h e  p a s t  s e v e r a l  y e a r s .  'Figure C-3 is a graphi-  
c a l  r e p r e s e n t a t i o n  of t h e  f l u c t u a t i o n  of  ground water  l e v e l  i n  certain s e l e c t e d  
wells f o r  the p a s t  s e v e r a l  years.. 
t h a t  r e p r e s e n t  cond i t ions  i n  t h e  b a s i n  where t h e  w e l l  i s  l o c a t e d .  
some c a u t i o n  . in  t h e  use of these d a t a  i s  i n  o r d e r  because ground.water condi- 
t i o n s  can va ry  markedly w i t h  r e l a t i v e l y  small. changes i n  . h o r i z o n t a l  l o c a t i o n .  

F igu re  C-2 c o n t a i n s  g r a p h i c a l  p r e s e n t a t i o n s  of  t h e  average levels of 

An' at tempt  h a s  been made t o  select w e l l s  
However, 

. .  
'Ituo numbering systems a r e  used by the Depar tment  t o  fac i l i t a te  process- 

i n g  of  water l e v e l  measurement d a t a .  
Designat ion and t h e  S t a t e  Well Numbering System. 
No. 130 are geographic areas de f ined  i n  Sec t ion  13200 of  t h e  Water Code. 
volume comprises t h e  n o r t h e r n  p o r t i o n s  of Cen t ra l  Val ley Region NO. 5 and 
Lahontan Re3ion~No.  6 .  
according t o  geograph'tc r e g i o n s ,  ground water  b a s i n s ,  and subhasins  o r  subareas  
as fol lows:  

The two systems. a r e  the Region and Basin 
The r e g i o n s  used  i n  B u l l e t i n  

This 

A decimal system of  t h e  form 0-00.00-has been s e l e c t e d  

Region Ground Water (Cen t ra l  Basin Valley) (Sacramento - - - T I i ! A '  Valley) 
Subbasin o r  Subarea ( S u t t e r  County) 

The S t a t e  Well Numbering System i s  based on township, range,  and sec- 
t i o n  subd iv i s ions  of t h e  p u b l i c  land survey. The number of a w e l l ,  a s s igned  i n  
accordance w i t h  t h i s  system, i s  r e f e r r e d  t o  as t h e  S t a t e  Well Xumber, as i l l u s -  
t r a t e d  below on the l e f t .  

39N / 13E -E E - -  
Township 2 
Range 

3 1 S e c t i o n  
T r a c t  
Sequence Number 
Base and Meridian 

T h i s  number i d e n t i f i e s  and l o c a t e s  t h e  w e l l .  I n  the example, t h e  w e l l  i s  i n  
Township 39 North,  Range 13 E a s t ,  T r a c t  J of S e c t i o n  8,  r e fe renced  t o  t h e  Plount 
Diablo Base and Meridian.  A s e c t i o n  i s  d iv ided  i n t o  40-acre t racts  as shown 
above on t h e  r i g h t .  
ch rono log ica l  o r d e r .  
number in T r a c t  S .  

Sequence numbers i n , a  t r a c t  a r e  g e n e r a l l y  a s s i g n e d ~ i n  
The example d e s i g n a t e s  t h e  f o u r t h  well t o  be  a s s igned  a 
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Number 

5-01.00 
5-02.00 
5-04.00 
5-36.00 
5-05.00 
5-06.00 
5-11.00 
5-12.00 
5-13.00 

, 5-14.00 
5-15.00 
5-31.00 
5-16.00 
5-17 -00 
5-30.00 
5-18.00 
5-19.00 
5-21.00 

5-21.01 
5-21.02 
5-21.03 
5-21.04 
5-21.05 
5-21.06 
5-21.07 

5-21.09 
5721.10 
5-21.11 

5-21.08 

5-22.00 
, 5-22.01 

5-22.02 
5-22.03 
5-22.05 
5-22.52 

6-01.00 
6-02.00 
6-04.00 
6-05.00 

6-05.01 

I 
INDEX TO GROUND WATER MEASUREMENT DATA 

IQ NORTHlL4STERN CALIPORNIA 

CENTRAL VALLEY REGION 5-00.00 

Goose Lake Valley 
Alturas Basin . . . . . . . . . 
Big  Valley . . . . . . . . . . 
Round Valley, 
F a l l  River Valley . . . . . , . 
Redding Basin . . . . . . . . . 

.Mohawk Valley . . . . . . . . . 
Sier ra  Valley . . . . . . . . .. 
Upper Lake Valley . . . . . . . 
Scotts  va l ley  . . . . . . . . . 
KelseyvilleSJalley . . . . . . . 
Long Valley 
High Va1ley.i . . . . . . . . . 
Burns Valley, 
Lower Lake &ea . . . . . . . . 
Coyote Valley . . , . . , . . . 
Collayomi Valley . . . . . . . . 
Sacramento Valley . . . . . . . 

Tehama Codrity . . . . . . . . 
Glenn County . . . . . .. . . 
B u t t e  County . . . . . . . . 
Colusa Co+y . . . . . . . . 
Sut te r  County . . . . . . . . 
Yuba County . . . . . . . . 
Placer County . . . . . . . . 
Sacramento County . . . , . - . 
Yo10 County . . . . . . . . . 
Capay Valley . . . - . . . . 
Solano County . . . . . . . - 
MokelumnegRiver Area . . . . . : 
CalaveraskRiver Area . . . . . . 
Farmingtoh-Collegeville Area . . . 
South SantJoaquin I r r i g a t i o n  District 
Delta Area . . . - . . - 

San JoaquinsValley 

242 
242 

242 
. h  

242, 247 1 
242 1 

1 242 
242 
242 

1 

1 242 

1 
1 242 

t 242 
242 

242, 247 
244 

242,  244, 247 
242, 244, 247 

1 

242,  244, 248 
242, 244, 240 
242, 244, 240 
242, 245, 249 
242, 245, 249 
243, 245, 250 
243,  245,  250 

243, 245 
243, 245, 250 

243, 246, 251 
243, 246, 251 
243, 246, 251 

243, 246 

- i  243 

1 : M O N T A N  REGION 6-00.00 

Surprise Valley . . . . . . . . 
Madeline P la ins  
Honey.Lake Valley . . . . . . . 
Tahoe Valley 

South Tahoe Valley . . . . . . 

243 

243 

243 

240 
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GROUND WATER BASINS 1N N O R T H E A S T E R N  C A L I F O R N I A  
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Ground Water Basin o r  Area 

Name Xumber 

CENTR4L VALLEY REGION 

Goose Lake Valley 

Al tu ra s  Basin 

Big Val ley  

b u n d  Valley 

F a l l  River Valley 

Redding Bas in  

Mohawk Val l ey  

Sierra Val ley  

Upper  Lake Val ley  

s c o t t s  Valley 

Kelseyvillc Val ley  

Long Valley 

Nigh Valley 

Burns Valley 

Lover Lake Area 

Coyote Valley 

collagomi v a l l e y  

Sacramento Val ley  

Tehama County 

Glenn County 

Number of Well 
Measurements Reporte& 

Monthly Fall Spring 
1974-75 1974 1975 

A"erip. 
Chmge 

Spring.1974 

Spr ing;  1975 
i n  Fee t  

t o  Neasuring Agency 

But te  County 

Colusa County 

Yuba County 

Placer County 

1-01.00 

'5-02.00 

5-04.00 

5-36.00 

5-05.00 

5-06.00 

5-11.00 

5-12.00 

5-13.00 

5-14.00 

5-15.00 

5-31.00 

5-16.00 

5-17.00 

5-30.00 

5-18.00 

5-19.00 

5-21.00 

5-21.01 

5-21.02 

5-21.03 

5-21.04 

5-21.05 

5-21.06 

5-21.07 

-0.6; 

-0.3' 

I 

-0.6: 

+o .21 
I 

+1.5\ 

-0.3; 

-0.3. 

+3.2: 

I 

-0.1' 

-6.2 

M.8' 

C1.3" 

+1.3 , 

+l .d  

-0.3, 

-1.i 

0.0 

0.0 

-0.2 

+0.4 

Department of Water Resources 

Department of Water Resources 

Department of Water Resources 

Department of Water Resources 

Department of Water Resources 

Department of Water Resources 

Department of Water Resources 

Department of Water Resources 

Department of Water Resources 

Department of Water Resources 

Department of Water Resources 

Department of Water Resources 

Department of Wafer Resources  

Department of Water Resources 

Glenn County 
U. S. BureaU of Reclamation 
Department of Neter Resources 

Department of Water Resources 

u. s. ~ u r e a u  of Reclamation 
Department a€ Water Resources 

sou th  s u t t e r  water District 
Department of Nata Resources 

Department of  Water Resources 

South s u t t e r  Weter District 
Department of Water Resources 

9 

4 

4 

1 9  

1 

20 

4 

1 

9 

2 

' 1  

1 

2 

1 9  49 

77 
11 

14 1 

16 74 

13 
8 44 

25 
1U 

1 96 

2 
7 80 

9 

4 

4 

9 

2 

20 

4 

1 

9 

2 

1 

1 

2 

47 

70 
11 
1 

72 

1 3  
4f 

25 
u2 

9C 

8( 
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TABLE C-1  (Continued) 

AVERAGE CHANGE OF GHOUNC WATER LEVELS 
AND SWMARY OF WELL IIEnSURE?4EBTS REPORTED 

Average 
Change 

Spring 1974 
t o  

Spring 1975 
i n  Fee t  

Ground Water Basin o r  Area 

Number 

Measuring Agency 

I I I 

Sacraxenta Val ley (Continued) 

Sacramento County 5-21.08 

Yo10 County 5-21.09 

Capay Val ley 5-21.10 

Solano County 5-21.11 

San Joaquin Val ley 5-22.00 

Elokelunne River  Area 5-22.01 

Calaveras  River  Area 5-22.02 

Farmingtan- 5-22.03 
C o l l e g e v i l l c  Area 

South San Joaqu3.n 5-22.05 
I r r i g a t i o n  D i s t r i c t  

Del ta  Area 5-22.52 

AH0HONT.W REGION 

S u r p r i s e  Val ley 6-01.00 

Hadel ine P l a i n s  6-02.00 

Honey Lake Val ley 6-04.00 

Tahoe Valley 6-05.00 

South Tahoe Valley 6-05.01 

TOTAL 

-1.0 

+0.7 

-0.2 

H . 5  

-1.7 

-1.0 

-1.4 

-1.3 

-0.6 

-3.3 

-0.1 

-0.7 

EImber o€ Well 
Eleasurements Reported 

Monthly F a l l  Spring 

Sacramento County 
Sacramento Muni. Util i ty D i s t .  
Arcade Water D i s t r i c t  
U. s. Bur.eau of Reclamation 
Department of Water Resources 

Yo10 County 
U. S. Bureau of Reclamation 
Department of Water Resources 

Yola County 

Solano county 
U. s. Bureeu of Reclamation 
Department of Water Resources 

Sam Joaquin County 
C a l i f o r n i a  Water Serv ice  Company 
East  Bay Kunicipal  U t i l i t y  D i s t .  
U. s. Bureau o f  Reclamation 
Department of l ia te r  Resources 

San Joaquin County 
Ca l i fo rn ia  Water Service Company 
East Bay Municipal U t i l i t y  D i s t .  
Srockton-East Water District  
Department of Water Resources 

San Joaquin County 
Oakdale I r r i g a t i o n  District 
Stockton-East Water D i s t r i c t  
Department of Water Resources 

San Joaquin County 
Oakdale I r r i g a t i o n  District 
Department of Wster Resources 

San Joaquin County 
Department of Water Resources 

Department a€ Water Resources 

Doparticent of Water Resources 

Department of Water Resources 

89 
1 9  
26 
82  

17 . 70 

169 
3 76 

11 25- 

21 

22 
3 96 

13 22 

97 
. 4  

99 2l7  
2 

I 46 

88 
18  
6 

34 
3 38 

51 
2 
1 

1 1 8  

8 
1 

4 1  

9 
1 18 

12 

10  

87 
1 9  
38 
8 1  
69 

169 
75 
23 

20 

21  
90 
22 

97 
4 

212 
2 

46 

88 
18 

6 
34 

'38 

57 
2 
1 

19 

9 
1 

4 1  

8 
18 

1 2  

1 0  

1 9  1 9  - -- 
218 2,116 2,099 
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Figure C-3 SHEET I OF 5 
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Figure C-3 SHEET 3 W 5 
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Figure C-3 SHEET 4 oF5 
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FOREWORD 

The da ta  co l l ec t ion  programs of the Department of 

Water Resources have been designed t o  supplement the  acti-  

v i t ies  of o ther  agencies t o  s a t i s f y  s p e c i f i c  needs of the 

S t a t e .  Bulletin No. 130-75 presents  usefu l ,  comprehensive, 

accura te ,  and t imely hydrologic da ta  which a r e  p re requ i s i t e s  

f o r  monitoring environmental condi t ions a s  w e l l  as e f f e c t i v e  

planning,  design,  cons t ruc t ion ,  and operat ion of  w a t e r  

f a c i l i t i e s .  

The Bu l l e t in  No.  130 s e r i e s  has been published 

annually i n  f i v e  volumes s ince  1963. Each volume presents  

hydrologic d a t a  f o r  one of f ive repor t ing  a reas  of the S ta t e .  

These a reas  a r e  de l inea ted  on t h e  map to t h e  l e f t .  

This Bu l l e t in  No. 130-75 i s  t h e  l a s t  of t h i s  series 

t o  be published. It i s  t o  be  replaced wi th  a s ta tewide 

hydrologic d a t a  index, which w i l l  show what d a t a  are ava i l ab le  

and where they may be obtained. 

Ronald B.  Robie, Di rec tor  
Department o f  Water Resources 
The Resources Agency 
S t a t e  of Cal i forn ia  

iii 



 ONV VERSION FACTORS 

I 
0 

f 
English t o  Metric System of Measurement 

To get  metric equivalent Quantity English unit Multiply by - 
Length inches  ( in)  25.4 mll l imet res  [mm) 

.0254 met res  (m) 

feet (p .3048 met res  (m) 

miles {mi)  1.6093 ki lomet res  (km) 

Area  Square  inches  (in') ' 6.4516 x IO-'' s q u a r e  me t re s  (mZ) 
s q u a r e  feet (f t2)  .092903 square met res  ImZ) 

acres 4046.9 s q u a r e  me t re s  (m2) 

.40469 h e c t a r e s  [ha)  

.40469 square hectometres  [hm') 

.0040469 s q u a r e  k i lomet res  (km21 

squa re  mi l e s  (mi') 2.590 s q u a r e  k i lomet res  (kmzi 

Volume g a l l o n s  [gal) 3.7854 
.0037854 

mil l ion g a l l o n s  (lo6 gat) 3785.4 
c u b i c  feet [ f t3) ! .028317 

Cubic ya rds  (yd3) .76455 

acre-feet  (ac-ft) 1233.5 
f 

.0012335 

7.233 x 

1 
Volume/Time 

(Flow1 c u b i c  feet per s econd  [ f t3 / s )  

, 
g a l l o n s  per minpte (ga l lmin )  

mill ion g a l l o n s  per day' Imgd) 
I 

Mass pounds  Ob) 

tons [short. 2.000 Ib) 

i 

28.317 
.028317 

,06509 

6.309 x lo-' 
,043813 

.45359 

.90518. 

907.18 

E l i t r e s  [I) 

c u b i c  me t re s  (m3) 

cub ic  m e t r e s  (m31 

cubic .  meires  (m3) 

c u b i c  me t re s  (m3) 

c u b i c  me t re s  [m31 

c u b i c  hec tomet re s  (hm3) 

cub ic  k i lomet res  (km3) 

l i t r e s  per s econd  [ V s )  
c u b i c  m e t r e s  per s econd  (m3/sl  

l i t r ee  pe r  s e c o n d  (I/s) 

c u b i c  me t re s  per s econd  (m3/s) 

c u b i c  me t re s  per s econd  [m3/s) 

ki lograms (kg) 

t onne  (t) 

k i lograms [kg)  

k i lowa t t s  (kW) I 
Power horsepower  Ihp) 0.7460 

P r e s s u r e  pounds  per square inch ( p s i )  6894.8 p a s c a l  (Pa)  
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Appendix C 

GROUND WATER MFASUREt.IENTS 

T h i s  appendix contains summary .and selected information concerning the leve l  
o f  ground water i n  wells within 36 ground water basins or areas  i n  the 
central  Coastal Area. Wells a r e  selected to r e f l e c t  the ground water condi-. 
t i o n s  of the area. 
d ic ta te ,  replacement wel ls  a r e  located and measured. 

Earl ier  ed i t ions  of t h i s  report .  contained a tabulat ion of individual  measure- 
ments  of ground water. lev.els a t  wells. 
Department w i l l  be ava i lab le  a t  the various d i s t r i c t  o f f i ces  of the  Department. 
please see t h e  Xntroduction a t  the front  of t h i s  volume f o r . t h e  addresses. of 
these d i s t r i c t  o f f ices .  

Table C-1 shows t h e  average change i n  ground water l eve l s  f o r  t h e  various basins  
i n  the Central Coastal Area from spring 1974 t o  spr ing 1975. T h i s  t ab l e  a l s o  
shows the number of well measurements col lected i n  t h e  var ious a reas .  
contains graphical presentat ions of t h e  average l eve l s  of ground water i n  the  
spring fo r  t h e  pas t ' s eve ra l  years. 
the f luctuat ion of ground water l eve l  i n  c e r t a i n  se lec ted  wel ls  for the  past  
several  years. 
t ions i n  the basin where the well is  located, 
use of these data is i n  order because ground water condi t ions can vary markealy 
with . re la t ive ly  sma l l  changes i n  horizontal  Location. 

Two numbering systems a r e  uaed.by t h e  Department t o  f e c i l i t a t e  processing o f  
water leve l  measurement data. 
Designation and the  S ta t e  Well Numbering System. 
No. 130 a re  geographic a reas  defined i n  Section 13200 o f ' t h e  Water Code. 
volume comprises t h e  southern portion of North Coastal  Region NO, 1, t h e  north- 
ern portion of Central  Coastal  Region No. 3, and a l l  of S a n  Francisco Bay Region 
NO. 2. 
geographic regions, ground water basins,  and subbasins o r  subareas as follows: 

These wel ls  a r e  continuously reviewed and, when conditions 

T h i s  type of data co l lec ted  by t h e  

Figure C-2 

Figure C-3  i s  a graphical  representat ion of  

An attempt has been made t o  se l ec t  wel ls  t h a t  represent condi- 
However, some caut ion i n  the 

The two systems a r e  t h e  Region and.Basin 
The regions used'in Bul1et .h  

T h i s  

A decimal system of t h e  form 0-00.00 has been se lec ted  accarding t o  

Region (North C o a s t a l y 7 T  
Ground Water Basin (Santa Rosa Valley) 
Subbasin o r  Subarea (Healdsburg Area) 3 

The Sta te  Well Numbering System is based on township, range, and sec t ion  sub- 
divis ions of  the public .land survey. 
dance with t h i s  system, is referred t o  8 s  the  S ta t e  Well Number, a s  i l l u s t r a t e d  * 

below on t h e  l e f t .  

T h e  number o f  a well ,  assigned i n  accor- 

1 7 N  f l l T J  - 18 J 

T o w n s h i p 2  T T T 
Range 
Section 
Tract  .-] 
Sequence Number 
Base and Meridian 

T h i s  number i d e n t i f i e s  and loca tes  the well. I n  the  example, t h e  w e l l  is i n  
Township 17  North, Range 11 West, Tract J of Section 16, located i n  the Mount 
Diablo Base and Meridian. A sect ion i s  divided i n t o  40-acre t r a c t s  a s  shown 
above on t h e  r i g h t .  
chronological order. 
number i n  Tract 3. 

Sequence numbers i n  a t r a c t  a r e  general ly  assigned i n  
The example designates the foufth well t o  be assigned a 
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Number 

INDEX50 GROUND WATERMEASUF3MENT DATA 
I N  THE CENTRAt COASTAL AREA 

Basin - 
I 

E8.5 f. 
[ I  NORTH COASTAL REGION 1-00.00 (Figure C-1, Sheet 1) 

1-14.00 Potter  Valley . . . . . . . . . . . . . . . .  24, 25 
1-15.00 Ukiah Valley, 24, 25, 29 
1-16- 00 Sane1 Valley’ . . . . . . . . . . . . . . . .  24, 25, 29 
1-17.00 Alexander Vailey . . . . . . . . . . . . . .  24, .25, 29 
1-18.00 Santa Rosa Valley 

1-18.01 Santa Rosa.Area . . . . . . . . . . . . . . .  24, 25, 29 
1-18.02 Hea1dsburg:Area . . . . . . . . . . . . . . . .  24, 25, 29 

. . . . . . . . . . . . . . . . . .  

1-19.00 -Anderson Valley . . . . . . . . . . . . . . . .  
1-20.00 Point Arena ; . . . . . . . . . . . . . . . . .  
1-21.00 Fort Bragg Terrace . . . . . . . . . . . . . .  
1-98.00 Lower Russian River Valley . . . . . . . . . .  24 

SAN FRANCIS’CO BAi  REGION 2-00.00 (Figure C-1, Sheet 2 )  

2-01.00 
2-02.00 

2-02.01 
2-02.02 

2-03.00 
2-04.00 
2-05.00 
2-06.00 
2-09 .OO 

2-09.01 
2-09.02 

2-10.00 
2-22.00 
2-24.00 
2-26.00 

3-01.00 
3-02.00 
3-03.00 

3-03.01 
3-03.02 

3-04.01 
3-04.02 
3-04.03 
3-04.04 
3-04.05 
3-04.06 
3-04.08 
3-04.09 
3-04.10 

3-04.00 

3-05.00 
3-07.00 
3-26.00 
3-27.00 

Petaluma Valley . . . . . . . . . . . . . . .  
Napa-Sonoma Valley 

Napa Valley . . . . . . . . . . . . . . . . .  
SonomaValley . . . . . . . . . . . . . . .  

Suisun-Fairfield Valley . . . . . . . . . . .  
Pittsburg Plain . . . . . . . . . . . . . . .  
Clayton Valley . . . . . . . . . . . . . . .  
Ygnacio Valley . . . . . . . . . . . . . . .  
Santa Clara Valley 

E a s t B a y A r e a .  . . . . . . . . . . . . . .  
South Bay Area . . . . . . . . . . . . . .  

Livemore Valley . . . . . . . . . . . . . .  
Half Moon Bay Terrace . . . . . . . . . . . .  
San Gregorio Valley . . . . . . . . . . . . .  
Pescadero Valley . . . . . . . . . . . . . .  

24, 26, 30  

24, 26, 30 
24, 26, 30 
24, 26, 30 

24, 26 
24 

24, 27, 30 

24, i 7 ,  31 
24, 27, 31 ,  32 

24, 27, 32 
24, 27, 32 
24, 28, 33 
24, 28, 33 

i -I 

i 

i l  CENTRAL COASTAL REGION 3-00.00 (Figure C-1, Sheet 3 )  

Soquel Valley . . . . . . . . . . . . . . . . .  24, 28, 33 
pa3 azo Valley. . . . . . . . . .  :. . . . . . .  24 
Gilroy-Hollister Valley. 

South Santa Clara County . . . . . . . . .  2k,  28, 34 
24, 28, 33 San Benito County . . . . . . . . . . . . . . .  

Pressure Area . . . . . . . . . . . . . . . .  24, 34 
E a s t  Side Area . . . . . . . . . . . . . . . .  24 
Forebay Area . . . . . . . . . . . . . . .  24 
Arroyo Seco Cone . . . . . . . . . . . . .  24 
Upper Valley Area . . . . . . . . . . . . .  24, 34 
Paso Robles, Basin . . . . . . . . . . . . .  24 
Seaside A r e a  . . . . . . . . . . . . . . . . .  24 
Langley Area . . . . . . . . . . . . . . . .  24 
Corral De Tierra Area . . . . . . . . . . .  24 

Cholame Valley . . . . . . . . . . .  .~ . . . .  
Camel yalley; . . . . . . . . . . . . . . . .  24 
West Santa Cruz Terrace . . . . . . . . . . .  24 
Scotts Valley . . . . . . . . . . . . . . . . .  24 

Salinas. Valley 

20 



. FIGURE C - l  Sheet, I of 

GROUND WATER BASINS IN THE CENTRAL COASTAL AREA 

.. 



GROUND WATER BASINS IN THE CENTRAL COASTAL AREA 

22 I 



I 
? 

GROUND WATER BASINS IN THE CENTRAL COASTAL AREA 

23 



TASLE C-1 

~ORTH COASTAL m r o N  

Potter V.11ey 

sane1 Valley 

Alcvandcr Valley 

%"La Rosa valley 

santa Rosa Area 

Healdsburg Area 

miah Valley 

Lover Russian River Valley 

ihY FRANCISCO BAY REGION 
Pecallloa Valley 

Nape-Sanona Valley 

Napa Valley 

SO"0ciJ Valley 

Suisun-Foirfield Valley 

Pizcsburg Plain 
ciayron Valley 

Ygnacio Valley 

S a C a  Clara Valley 

East Bay Area 

Souih Eay Arca 

LiYemme Valley 

Haif aay  err^^^ 

Sa. Gresorio Valley 

2ercad3ro Valley 

:ENTRAL COASTAL REGION 

saque1 Valley 
2ajnro Valley 

Gilroy-Hollister Valley 

South Santn Clara Comty 

Snn Benico County 

Salinas Valley 

Pressure Area 

EZIL Side Area 

Forebay k e a  

Arroyo Scco Cone 

upper Valley Area 

Pnso Robles Basin 
Seaside Area 

Langley Area 

Corral de Tierrv Area 

Carmel Valley 
WCIL: santa  C W L  Terrace 

Scott* Valley 

1-14.90 
1-U.QO 
1-16.00 
1-17 .OO 

1-28.00 
1-18.01 
1-18.02 
1-98.00 

2-01.00 

2-02.M) 

2-02.01 

2-02.02 
2-03 .DO 

2-04.00 
2-05. W 
2-06. W 
2-09.00 
2-09.Dl 

2-09.p 

2 -  10. 00 
2-22.QO 
2-24.00 
2 d 6 . a o  

3-01.00 

3-02.00 

3-03.00 

3-03.01 

3-03.02 

3-04.00 
3-04.01 
3-04.02 

3-04-02 
3-04.04. 
3-04.05 
3-04.06 
3-04,08 
3-04.09 
3-04,lO 
3-07,OO 
3-26.00 
3-27+00 

to .2  
c2.3 

t2.0 
+0.7 

-1.4 
-1.2 
-1.6 

-0.8 

:-o.l 

i-1.5 

~ 0 . 7  

70.4 
.-1.9 

b-2.3 

-1.4 

+10.7 
-+1.0 

F-3.2 
.-2.2 
. - l . B  

v 2 . 1  

i+2-4* 

p0.1 
-0.8 

.to.7 

+2.2 
.+2.4" 

.+7.0" 

.to.z* 

1-o.3~ 
1-2.4 

'+0.7* 

f+I.2* 
;+2.0* 

~ -1.0" 
' - 0 . V  

M.2 
-0.1 

Dqa:t!wnt of Water R E S O U ~ C ~ E  

Oepartincnc of WBCBT. Resoufeee 
Department af W ~ L ~ L -  Besources 

Department of Wnrcr Resources 

Department of Natcr Resowces 

U. S. Geological Survey 

Department of lfacer Resour~es 

Department of Water Rcsovrces 

xapa county 
Department of Water Resources 

Department of Water Resources 

Department of Water: RCSOWZC~E 

Department of Water R C S O Y ~ C ~ S  

Department of Watec Reso~rces 

Solano camcy 

DeparEncnt af h t e r :  RcSourCeS 

Almeda County FC & WCD 
Alameda County Water District 

santr Clara Valley TiD 

Aliincda County FC h WCD 

Department of Water Resources 
Department of Water %sources 

Deparcment of l?iter R ~ J O U L - C ~ S  

DepL?z-taent of Iiater Resources 

Ebnrerey County FC & WCD 
Department of \'later Resowces 

santa Clara v a l l e y  M 

san Beni to .county 

Drparment of Water Resources 

Departncnt of Water Resources 

Monterey County FC & NCD 
Pbnteccy County FC & WCD 

Ehmterey County FC h WCD 

Elan~erey County FC & UCD 

MOncercy Councy FC & WCD 

Sam Luis Obispo FG & liC0 

Montrrey County EC & WCD 

ELlntercy County FC & WCD 
ibncerey Covncy FC & W O  
tlontcrey County FC b WCI) 

Dcpnrtwnt of W B L ~ C  R C S O U ~ C ~ S  
Department of Water R ~ S V U C C ~ S  

11 

3 

177 
12 

- 

2 
7 
3 

11 

26 

9 
2 

12 

94 
5 
12 

13 

5 
7 

5 

42 
378 

139 
8 
5 
6 

5 
38 
5 

137 
89 
50 
I8 
35 

15 

15 
29 
24 
3 

' 4  - 

2 
7 
3 

10 

26 

9 
2 

12 

95 
5 

12 
13 

5 
7 
5 

44 
370 

137 
8 
5 
6 

5 

68 
14 
53 

8 

35 

A 

5 
c 

TOTAL 503 1258 997 

:Av~vrrqe change determined from water level neasuremienrs nade during f a l l  of 1973 and f a l l  of 1974 
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I - 15.00 

AVERAGE GROUND SURFACE 
718 

116 ELEVATION 725' 
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I - 16.00 

AVERAGE GROUND SURFACE 
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SANTA ROSA AREA 
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ELEVATION 150' 
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ELEVATION 145' 
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98 
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9 

88 

86  

P E T A L U M A  V A L L E Y  

2- 01.00 

AVERAGE GROUND SURFACE 

ELEVATION 42' 

N A P A  V A L L E Y  

2-02.01 

AVERAGE GROUND SURFACE 

ELEVATION 105' 

SONOMA V A L L E Y  

2- 02.02 

AVERAGE GROUND SURFACE 

ELEVATION 60' 

SUISUN-FAIRFIELD VALLEY 

2-03.00 

AVERAGE GROUND SURFACE 

ELEVATION 47' 

24 

P I T T S B U R G  P L A I N  

2 - 04.00 
AVERAGE GROUND SURFACE 

ELEVATION 55' 

22 

20 

11.1 

FLUCTUATION OF AVERAGE GROUND WATER L E V E L  IN S E L E C T E D  A R E A S  
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Y G N A C I O  V A L L E Y  

2-  06.00 

kVERA6GE GROUND SURFACE 

ELEVATION 70' 

S A N T A  CLARA V A L L E Y  
E A S T  BAY AREA 

- 2 - 09.01 

AVERAGE GROUND SURFACE 

ELEVATION 34' 

SANTA C L A R A  V A L L E Y  
SOUTH BAY A R E A  

2-09.02 

AVERAGE GROUND SURFME 

ELEVATION 155' 

L I V E R M O R E  VALLEY 

2 - 10.00 
AVERAGE GROUND SURFACE 

ECEV4TtON 460' 

H A L F  MOON BAY TERRACE 

2.- 22.00 

AYERAGE GROUND SURFACE 

'ELEVATION 70' 

FLUCTUATION OF AVERAGE GROUND WATER LEVEL IN SELECTED AREAS ' 
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FIGURE C - 2  S H E E T  4 OF 
1 

SAN GREGORIO VALLEY 

2-24.00 

AVERAGE GROUND SURFACE 

ELEVATION 60. 

PESCADERO VALLEY 

2-26.00 

AVERAGE GROUND SURFACE 

ELEVATION 40'  

SOOUEL VALLEY 

3-01.00 

AVERAGE GROUND SURFACE 

ELEVATION 110' 

210 

S D U T H S A N T A C L A R A C O U N T Y  

3- 03.01 

2w 

190 
AVERAGE GROUND SURFACE 

ELEVATION 240' 

SAN'BENITO COUNTY 

3-03.02 

AVERAGE GROUND SURFACE 

ELEVATION 260' 

FLUCTUATION OF AVERAGE 'GROUND WATER LEVEL IN SELECTED AREAS 
! 

28 



FIGURE C-3 SHEET I OF 

UKIAH VALLEY (1-15.001 
WELL NUMBER ISNIIZVI-BLI 
CRDUND 5URFACE ELEVATION e a '  

------- .CONNECTS UEISURIWENTE WOE AT INTERVALS OF A YEAR O R  UOHE 

ALEXANDER VALLEY (1-12001 
WELL NUMBER I Q N ~ ~ W - I B B I  
GROUND N R N I C E  ELEVATIOH no' 

SANTA ROSA AREA (1-18.011 
WELL NUMBER W/BW-l3RI 
mawo SURFACE ELEWIN i d  

HEALDSBURG AREA (1-18.02) 
WELL NUMSER 9NBW-ZBNI 
GROUND SURFACE ELEVATION 90' 



FIGURE C - 3  SHEET 2 0, 

ui 

" I 

0 - 
c 
4 

> 
Y 

4 

" 

PETALUMA VALLEY (2- 01.001 
WELL NUYBER 5Nl7W-26R1 
GROUND SURFDCE ELEV&ItCN 54' 

NAPA V A L L E Y  (2-02.011 
WELL NUOISER 7N/5 w - 902 
GROUW SUWKE ELEV&TION I5C 

SONOIAA V A L L E Y  (2-02.021 
WELL NUMBER 5N15W-17CJ 
GROilhO SUR?fitE SLEvn7Km 85' 

SUISUN - FA1RF.E-D VALLEY (2-03.001 

CPI:.: SIS iLCE .ELL,: ,,,,, ?a' 
WELL m!.iaiR 5 1 ~ 2 1 ~ - 2 i . ~ z , 2 7 ~ 1  

YGNACIO V A L L E Y  (2-06.001 
WELL NUMBER I N I I W - 7 K I  
GROUXD 5VRf4CE ELBYATlOIi 83' 

FLUCTUATION OF WATER LEVEL I N  WELLS 
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FIGURE C - 3 '  SHEET 3 OF 

I ,  

----c--- 

SANTA CLARA VALLEY 
EAST EAY AREA - UPPER AOUIFER (2-09.01) 

6AOUh.I) SURFACE ELEVbTWI 55' 
WELL NUMBERS W I W - ~ ~ C ~ .  ZOEI 

SANiA CLARA VALLEY 
EAST EAY AREA 

LOWER 'AQUIFER (2-09.01) 
W E L L  NUMBER 5S/l:Y-5fI 

GROUNO SURFACE ELEVATION 36' 

SANiA CLARA VALLEY 
SOUTH BAY AREA (2-09.02l 

W E L L  NUMBER GS/IE-Z3P2 

_ _ _ _ _ _ _  CDRNECIS UEASUREMEHTS U&DE AT INTERVALS OF A YEAR OR MORE . 

FLUCTUATION OF WATER LEVEL IN WELLS 
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FIGURE C-3 SHEET S c i  
. .  - 

SANTA CLARA VALLEY 
SOVTH BAY AREA (2-09.02 

WELL NUMBER 7WE-3lh2 

L I V ~ R M O R E  VALLEY (2-10.001 
WELL NUMBERS 35/IE-1001. 1002 

FLUCTUATION Ok WATER L E V E L  IN W E L L S  
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FIGURE C - 3  SHEET 5 OF 

.- 1 

w 
GILROY- HOLLlSTER VALLEY 

SAN BENITO COUNTY (3-03.021 
W F I  I NLIMIIFRS 12/5E-33Al. 33A2 .._ . ._ . . 

ORWVNO SURFACE ELEVATIO~ 200' 

HALF MOON BAY TERRACE (2-22.00) 
\YELL NUMBER 5 S I 5 W - 2 0 L I  
GROUbIO SURFbCE ELEVATION 73' 

SAN GREGORIO VALLEY (2-24.00) 
WELL NUMBER 7515W-14CI 
GRWUND SURFACE ELEWTION 80' 

PESCADERO VALLEY (2-2.6.001 
W E L L  NUMBER 8S15W-IOKI 
GROW20 WRFACE ELEVATION 37' 

SOQUEL VALLEY (3-01.001 
W E L L  NUMBER I ISI IW-IOCI 
GROUND SURFACE ELEVATION 30' 

------- CONNECTS UEIiSUREMENTS U W E  AT INTERVALS OF A TEAR OR M O R E  

FLUCTUATION OF WATER L E V E L  IN W E L L S  
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FIGURE C-3 SHEET 6 OF 

GILROY - HOLLISTER VALLEY 
SOUTH SANTA CLARA COUNTY 13-03.011 

WELL NUMBER 95/3E - 27CZ .ZZPI 
, G R W D  SWlilCE ELeVPITION wr.354. 

I 

c .SALINAS, VALLEY 
w 
w WELL NUMBER ILSIJE- 18.11 
LL GFmuXr IURFCE ELEVAilON 69' 

PRESSURE AREA - 400'AQUIFER 13-04.Ol) 

z - 
2 

O L O  - 
l - m  
< 
3 . 0  

_I -10 

w 

w 

:SALINAS' VALLEY 
UPPER VALLEY AREA 1 3 - 0 4 . 0 5 )  

WELL NUMBER, 195/7E- l O P l  
C R O W  SWFAT ELEVATION 315' 

no 

u a  

u1 

210 .. 

------- COIINECSS UEASYREL1EIITS. M&DE AT I M E R V A L S  OF li Y E M  OR MORE 
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FLUCTUATION OF WATER LEVEL I N  WELLS 
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I?.T'RODUCTIOX 

The DepartmBnt af Water R c s O n I C e J  coopcr-dtes With t h e  1;. 5. G e ~ l q i C B l  SYIVdY, U. S. BYrraU of 

Recla;Oation, i r r igat ion and w+ter atorage d i s t r i c t s ,  and other locql agencies far t he  systematic obseriatbin 

of ground Water levels. The Dcpartrent Obtains ap?rproxinetely 13.p00 water 1.~~1 measurements annually On 

some 7,500 wells in the Sa" Jooquin Valley. The period of record foc these wells var ies  from one t3 We: 

40 years. However, 

because signif icant  trends i n  water Level fluctuations con be indicated by a cepreSCntativc sAmplo, a 

selection was made of apaeoxiwtely 500 w s l l s  fo r  reporting of actual measurements. 

In  preparaticn of the  ground water maps 3 0 4 t  of the well madsurements were Used. 

0 

This appendix presents ground water maasurenent data on these w e l l s  for the  p e r i d  October 1. 1974, 

through September 30. 1975. 

i n  the area and are designate'd a 5  selected wells. 

a rea l  d i s t r ibu t ion ,  length of Water level record. frequency of measurements, conformity w i t h  res-ct t o  

water l e v e l  f luctuation i n  the  ground water b a s i n  or  area i n  e confined aquifer, or i n  a zone of shallow 

depth, and avai labi l i ty  of a log. mineral analyses, and prodUction xccoid. 

These wells were selected as being representative of all the well= measured 

Their selection is based on a number Of factors,  incllldiog 

Two nunbeKing systems are used by the Department t o  f a c i l i t a t e  processing of water leue l  measure- 

ment data. 

described below. 

The two systems are t he  Region and Basin Dcsigpation and the Sta te  Well mnberinq System a5  

The regions Ysed in this report  are geographic areas defined i n  Saction 13040 of the  Water Code. 

That portion of California covered by t h i s  ~ O l l l m s  conprieas.the southern partion Of Central Vz.Uey Region 

NO. 5. 

basins. and d i s t r i c t  ~r area as SolloWS: 

E decimal system of the  for- 0-00.00 has been selected accozdinq t o  geographic regions, ground W a t e r  

Region (Central Valley M g i O n d  

Dis t r i c t  or area (Fresno I r d g a t i o n  Di s t r i c t  

GrDUnd Water Basin (San Jooaquin Valley 

me Sta t e  We11 Nunbe~ing System is based on  tawnship, range, and Section subdivisions of the  Public 

"he number of a well, assigned i n  accordance with this.system, is referred to  as the State Well Land Survey. 

Number! =E i l l u d x a t e d  helow: 

0 .  

saction 

Tract 

Sequen~e Number 

Base and NeLcridian (MI Novnt qiablo (SI San Bernardino 

This number i demi f i e s  and locates the  well. 

Tract K OE section 16, located i n  the  Mount Diablo'Basa and neridian. R section is:divided i n t o  4O-acre 

t r a c t s  as  follows: 

1" the example, the  w e l l  is i n  Township 13 South. Range 1 9  E a s t .  

sequence numbee~ i n  a t r a c t  ace generally assigned i n  chronological order. 

f i r s t  wel l  t o  bc assigned a number i n  Tract K. 

me example designates the 0 
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Figure C-I. FLUCTUATION OF AVERAGE WATER LEVEL !W SELECTED AREAS 

I 
j CONSOLIDATED GROUND WATER AREA 

AREA 243.0 SQUARE MILES 

CENTERYILLE BOTTOMS GROUND WATEil A X A  
AREA 18.15 SQUARE MILES 

b,Ell>CL GiiOI,h" S.RPLCE Z.Il.IWll J b S  
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Figure C-l (Continuad). FLUCTUATION OF AVERAGE WATER LEVEL IN SELECTED AREb.S 

ALTA GROUND WATER AREA 
AREA 190.93 SQUARE MILES 

AVERAGE GROUND IURFliCi ELEYAl1ON 331' 
300 

2'0 

110 

$00 

280 

260 
,910 1115 ,940 194$ 

YEW 

IVANHOE GROUND WATER AREA 
AREA 17.37 SOUARE MILES 

mEi7ERLOE WOW0 NRFbCE ELEVATION 383' 

YEAR 

OUTSIDE IVANHOE GROUMD WATER AREA 
AREA 76.65 SCIUAAE MILES 

AVERAGE WOUND SURFACE ELEVATION 345'' 

TEAR 

h4lLL CREEK GROUND WATER AREA 
AREA 128.25 SOUARE MILES 
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Figure C-I (Confinued). FLUCTUATION OF AVERAGE WATER LEVEL IN SELECTED AREAS * 

' TULARE GROUND WATER AREA 
' AREA tZl.07 SOUARE MILES 

LINDSAY-EXETER GROUND WATER AREA 
AREA 136.43 SQUARE MILES 
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Figure C-I (Continued). FLUCTUATION OF AVERAGE ,WATER LEVEL IN SELECTED AREAS 
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Figure C-l (Continued). FLUCTUATION OF AVERAGE WATER LEVEL I N  SELECTED AREAS 

I 

Mc FARIAND-SWAFTER GROUND WATER AXE& 
AREA 306.0 SQUARE MILES 
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Figure C-l (Continued). FLUCTUATION OF AVERAGE WATER LEVEL IN SELECTED AREAS 
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ROSEDALE GROUND WATER AREA 
AREA 78.88 SQUARE MILES 

YEAR 

ARVIN-EDISON GROUND WATER AAEb 
AREA 205.18 SQUARE MILES 

nYER46E GRWND SURFACE ELNl lnON 543' 
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Figure C-2. FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 

PORTERVILLE IRRlGlTlON DISTXICT 622.29) 
VIEtL 21S/26E-lZAI,M.D.B R !A. 

C?T.,O SLi.FXi:E E.L,',IIW ,IZ' 

I 

' MADERA IRRIGATION DISTRICT 15-22.13) 
WELL llS/17E-Z7CI, M . D . E . 6  M. 

GROUND SUWACE ELEVIYilON 250 

, 



.,.. 
.. . . Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 

SEMITROPK WATER STORAGE DISTRICT- 
DEEP ZONE (5-22.431 

WELL 275/23E-IR4. M.D.8.8 M. 
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SEMITROPIC WATER STORAGE DISTRICT- 
SHALLOW ZONE (5-22.43) 

WELL 27W23E-IR1, M. 0. B . 9  M. 
GROUND WRWCE ELEVATION 267 

MERCED IflRIGATION DISTRICT 
(5-22.09) 

WELL 7SIIIE-IHI. M.O.B.8 M. 
GROUNO SURFACE ELEmTION 118' 

YEAR 



Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 

FRESNO IRRIGATION DISTRICT (5-22.15) 
WELL IJS/19i-90~. t . l .U .8 .6  !A. 

C"L..,l >.,.';,:E E.i.Lil.,, w 1 i  

I 

I 

134 



Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 
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Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS IN SELECTED WELLS ' 
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Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS IN SELECTEO WELLS 
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MODEST0 IRRIGATION DISTRICT 
(5-22.07) 

WELL 3SIBE-ZZC2, M.D.B.8 M. 
6M)wID SURFWE ELEVATION 64' 
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TURLOCK IRRIGATION DISTRICT 
(5-22.081 
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Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 

I 
SHAFTER-LVASCO lRRlGATlON DISTRICT (5-22.38) 

WELL 27W24E-39CI. hl.D.B.R M. 

DELTA-GEMDOTA AREA-SHALLOW ZONE (5-22.1 I )  , WELL 3W6E-25DI. M.D.6.B M. 
G U M  SURFACE E U W l l O N  6 s  

YEAR 

I 

'ARTUENT OF WATER RESOURCES SAN Jonaulfl DISTRICT 

I 
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Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 

ALPAUGH-ALLENSWORTH AREA (5-22.341 
WELL 245/23E-2182, M.D.E.81 M. 
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DEPARTMENT OF WATER RESOURCES SIIN JOAWIN DISTRICT 
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figure C-2 (Continued)+ FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 

DELANO-EARLIMART IRRIGATION DISTRICT (5-22.35) 
WELL 24S/ZSE-3261. M.D.B.8 M. 
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% Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS. ihl SELECTED WELLS 
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Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS IN SELECTED WELLS , 

CONSOLIDATED IRRIGATION DISTFUCT (5-22.181 
WELL lSS/ZOE-ZZNI, M.D.B.8 M. I 

YEIIR 

DEPARTMENT OF WATER RESWRCES SA11 JMPll lN OlSifflcT , 
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Figure C-2 (Continuad). FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 
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MENOOTA-HURON AREA (5-22.47) 
WELL zisiiaE-zaMz, M.o.a.8 M. 
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Figure C-2 (Continued). 'FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 

' FRESNO SLOUGH AREA (5-22.17) 
, WELL 17S/18E-Z3AZ.M.D.B.R~. 
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EXETER IRRIGATION DISTRICT (5-22:261 
WELL 18S/27E-Z9DI,M.D.B.&M. 



Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 

KAWEAH DELTA 
WATER CO?ISERVATION OkTRlCT (5-22.24) 

WELL 19S/22E-19A2,M.D.8 BM. 
OROL,.O s."Fr:riLE<nri9a 235 

TULARE IRRIGATION DISTRICT (5-22.25) 
WELL ZOS/WE-IOJI,M.D.8.BM. 

GROUND SURFACE ELEYATIOII 2<8' 

- 
IYANHOE 

IRRIGATION DISTRICT (5-22.23) 
k 
4 

J WELL 17S/25E-35MI.M.D.B.~M. 
Ll 

YEAR 

YEAR 
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Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 

YEAR 
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Figure C-2 (Continued). FLUCTUATION OF WATER LEVELS IN SELECTED WELLS 

CHOWCHILLA WATER DISTRICT (5-22.12) 
WELL IOS/l5E-23KI. M . O . B . 8  AI. 

Omho 5,v.%:< EL:\AT.:" ,553. 
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TASLE C-1 

CIiANG7 I ? J  AWilAGT: GX0UhD WATER IEVZL 
IB DISTRICTS OR AREAS CN TIlE SAN JOiSQUIN VALLEY 

Spring 1174 - Spring 1979 

san Toaquin Valley 

Oakdale I r r i g a t i o n  D i s t r i c t  

Modesto I r r i g a t i o n  D i s t r i c t  

Turlock I r r i g a t i o n  D i s t r i c t  

Mercsd I r r i g a t i o n  D i S t L i C t  

E l  Nido I r r i g a t i s n  D i s t r i c t  

Delta-Mendota Area 

Chowchilla Water D i s t r i c t  

Madera I r r i g a t i o n  D i s t r i c t  

West Chawchilla-Madera Area 

Fresno I r r i g a t i o n  D i s t d c t  

Ci ty  of Fresno 

Fresnn Slough Area 

Consolidated I r r i g a t i o n  D i s t r i c t  

A l t a  I r r i g a t i o n  D i s t r i c t  

L m e r  Kings River Area 

Shallow Zone 

Deep Zone. 

I 

Orange Cove I r r i g a t i o n  D i s t r i c t :  

Stone Corral  I r r i g a t i o n  D i s t r i c t  

Ivanhoe I r r i g a t i o n  D i s t r i c t  

Wweah-Delta Water Conservation D i s t r i c t  

Tulare I r r i g a t i o n  D i s t r i c t  

Exeter I r r i g a t i o n  D i s t r i c t  

Lindsay-Strathnore I r r i g a t i o n  D i s t r i c t ,  

I 

. Lindmore I r r i g a t i o n  D i s t r i c t  

P o r t e r v i l l e  I r r i g a t i o n  D i s t r i c t .  

Lower mle River I r r i g a t i o n ' D i s t r i c t  I 

ShaLlow Zone 

Deep Zone 

Vandalia I r r i g a t i o n  D i s t r i c t  

Saucel i to  I r r i g a t i o n  D i s t r i c t  

Shallow Zone 

Deep Zone 

Pixley I r r i g a t i o n  D i s t r i c t  

shallow Zone 

Deep Zone 

, 

5-22.00 

5-22.06 

5-22.07 

5-22.08 

5-22.09 

5-22.10 

5-22.11 

5-22.12 

5 - 2 2 . U  

5-22 -14 

5-22.15 

5-22.16 

5-22.17 

5-22.18 

5-22.19 

5-22.20 

5-22.21 

5-22.22 

5-22.23 

5-22.24 

5-22.25 

5-22.26 

5-22.27 

5-22.28 

5-22.29 

5-22.30 

5-22.31 

5-22.32 

5-22.33 

250 

60 

- 1.9 

+ 0 . 3  

i. 1.0 

- 0.5 

- 0.6 
+ 1 . 2  

+ 1.1 

+ 0.6 
- 4.4 

- 0.9 
- 0.4 

- 0.3 
+ 1.6 
+ 3 . 6  

+ 5.6 

62 - 1.7 

10  - 2.2  

- 0.5 
+ 1.9 
+ 3 . 2  

- 1.4 

- 3.7 
+ 0.8 

1 6  - 1.4 

+ 1.7 

I n s u f f i c i e n t  da t a  t o  compute-change 

5 - 0.2 

+ 0.2. 

I n s u f f i c i e n t  datd t o  compute change 

- 5.1 0 
- 0 . 1  
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TABLE C - 1  (coot . )  

CWNGE I N  AVERAGE GROUND WATER LEVEL 

Spring 1974 - sp r ing  1975 
I N  DISTRICTS OR AREAS I N  THE SAN J O A Q U I N  VALLEY 

Number Of 

Considered 

San Joaquin Valley (Continued) 

Alpaugh-Allensworth Area 5-22.34 

Shallow Zone 

Deep Zone 

Delano-Earlimart I r r i g a t i o n  District 

Shallow Zone 

Deep Zone 

Southern San Joaquin Municipal U t i l i t y  D i s t r i c t  

Shallow Zone 

Deep Zone 

North Kern &teC Storage  D i s t r i c t  

Shallow Zone 

Deep Zone 

Shafter-Wasco I r r i g a t i o n  D i s t r i c t  

Deep Zone 

Ci ty  Of Bake r s f i e ld  

Kern River  Del ta  Area 

Shallow Zone 

Deep Zona 

Edison-Maricopa Area 

Deep Zone 

Buena Vi s t a  Water S torage  D i s t r i c t  

North Area 

South Area 

Semitropic Water S torage  D i s t r i c t  

Shallow Zone, 

Deep Zone 

Avenal-McKittrick Area 

Tula re  Lake-Lost H i l l s  Area 

Corcoran I r r i g a t i o n  D i s t r i c t  

Shallow Zone 

Deep Zone 

Mcndota-Hurm Area 

Deep Zone 

PO50 Resources. Conservation D i s t r i c t  

San Luis Canal Company 

- 5.8  

+ 0.5 

5-22.35 

+ 0.9 

I n s u f f i c i e n t  da t a  t o  coicpute change 

5-22.36 

+ 8.7 
- 1.9 

5-22.37 

+ 4.1 
-12.6 

5-22.38 

- 5.7 
5-22.39 - 2.1 
5-22.40 

+' 0.4 
- 3.4 

20 

5-22.41 

5-22.42 

- 0.4 

-10.3 

I n s u f f i c i e n t  data t o  compute change 

5-22.43 

- 2.7 
-10.3 

5-22.44 27 - 1.2 
5-22.45 1 9  + 2.8 
5-22.46 

+ 1.6 
+ 5.8  

5-22.47 

5-22.48 

5-22.49 

+17.8 

+ 0 .3  

- 0.3 
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+ TABLE C-1 (cont.) 

CHAKGE . IN AVEFAGC GROUND WATER LEVEL 
I N  DISTRICTS OR ARElrS I N  TIIE SAK JOAQUIN VALLEY 

s p r i n g  1974-- Spr ing  ,1975 

Considered 

sa” Joaquin  Va l l ey  (Continued) 

Te r ra  Bel le .  I r r i g a t i o n  D i s t r i c t ’  5-22.50 10  + 0.1 

Merced Bottoms 5-22.54 + 1.1 
C e n t e m i l l e  Bottom Area 5-22.64 - 1-9 
G a r f i e l d  Water D i s t r i c t  5-22.65 11 c 0.2 

Kings County Water D i s t r i c t  5-22.66 

Shallow Zone + 0.8 

I n s u f f i c i e n t  d a t a  t o  cornpate change Deep Zone 

P l e a s a n t  Va l l ey  Area 5-22.69 18 + 8-3 

a-/ Average changes w e r e  determined b y  p l a n h e t e r i n g  ground W a t e r  contour  maps. 
appear changes were computed by numerical averages .  

Where numbers 
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1 ,  . .. ' 

.-.-,: 

CHANGE I N  AVERAGE GROUND WATER LEVEL FROM 
1921 TO 1951 AND 1951 TO 1975 

I N  18 G R O W  WATER AREAS I N  THE SAN JOAQUIN VALLEY 

. .  
a .  

$ 
- 5  

~ .~ '* 
.i 

;r! 
.jl 
** 

I r r i g a t i o n  and Other 
Water Distr ic ts  lncludcd i n  

t h e  Ground Water Area *. 
.1 '". 
2 

Madera 

Fresna 

consol idated 

C e n t e r v i l l e  Bottoms 

Alta  

lvanhoe 

ou t s ide  Ivanhoe 

M i l l  Creek 

Tulare 

Elk Bayou 

Lindssy-Exeter 

342.6 

404.0 

243.0 

18.1 

190.9 

11.4 

76.6 

128.2 

121 .1  

67-6 

136.4 

T u l e  River 1%. 6 

Lwer Deer Creek 162.2 

,Middle Deer Creek 54.3 

Delano-Earl icar t  140.0 

McFarland-Shafter 306.0 

Rosedale 78.9 

ArVin-Edison * 205.2 

Madera I r r i g a t i o n  D i s t r i c t  and 
Chowchilla Water D i s t r i c t  

Fresno I r r i g a t i o n  D i s t r i c t  and 
C i t y  Of Fresno 

Consol idated I r r i g a t i o n  D i s t r i c t  

A l t a  I r r i g a t i o n  D i s t r i c t  

Svanhoe I r r i g a t i o n  D i s t r i c t  

Stone C o r r a l  I r r i g a t i o n  District and a 
p o r t i o n  of A l t a  I r r i g a t i o n  Dis t r ic t  

Por t ions  of Kings Connty Water D i s t r i c t  
and Kaweah Del ta  Water Conservation D i s t r i c t  

Tulare  Z r r i g a t i o n  Distr ic t  

P o r t i o n  of Kaweah Del ta  water conservat ion 
D i s t r i c t  

Exeter  I r r i g a t i o n  D i s t r i c t .  Lindsay- 
Strathmore l r r i g a t i o n  D i s t r i c t .  and 
Lindmore I r r i g a t i o n  Di s t r i c t  

P o r t e r v i l l e  = r i g a t i o n  D i s t r i c t ,  po r t ions  
of ~ o w e r  Tule  River I r r i g a t i o n  D i s t r i c t ,  and 
S a u c e l i t o  ' I r r i g a t i o n  D i s t r i c t  

P o r t i o n s  of L o w e r  T u l e  River I[+rigat.i-ion 
D i s t r i c t ,  S a u c e l i t o  I r r i g a t i o n  D i s t r i c t .  
and Delano-Earlimart  I r r i g a t i o n  District 

Te r ra    el la I r r i g a t i o n  D i s t r i c t  

P o r t i o n s  of Delano-Earlimart I r r i g a t i o n  . 
D i s t r i c t  and Southern San Joaquin 
Municipal u t i l i t y  D i s t r i c t .  

North Kern Water Storage District, Sha f t e r -  
Wasco I r r i g a t i o n  Dis t r ic t ,  and a p o r t i o n  of 
Southern Sa", Joaquin Municipal U t i l i t y  
D i s t r i c t  

--__- 

Arvin-Edison Water Storage D i s t r i c t  

- 2 4 . l d  

- 22.4 

- 19.0 

+ 1.0 

- 1 7 . 2 4  

- 55.9 

- 28.5 

- 31.1 

- 59.1 

- 47.8 

- 71.7 

- 62.5 

-106.7 

- 61.8 

-133.8 

- 99.0 

- 36.3  

- 69.& 

-22.3 

-16-8 

+ 3.8 

- 0,1 
+ 9.'1 
t i a . 2  

+ 9.1 

-10.1 

+ 9.4 

+ 5.0 

+82.7 

+42.6 

-27.3 4 
-10.2 g 

- 3.4 eJ 

+28.0 eJ 

-40.6 y 

+32.3 s/ 

-12.3 
-54.1 s/ 

-46.2 
-25.7 s/ 
-49.7 s/ 

a /  1951 was t h e  f irst  yea r  of s u b s t a n t i a l  deliveries from t h e  Friant-Kern Canal. 5 F a l l  1951 t o  spring-1975. 
4 
dJ 
s/ 
€J 
s/ 

F a l l  1929 t o  f a l l  1951. 
F a l l  1941 t o  f a l l  1951. 
Unconcined a q u i f e r ,  s p r i n g  1 9 6 1 t o  s p r i n g  1975; on ly  one a q u i f e r  r epor t ed  p r i o r  to 1961. 
Change shown for 1951 t o  1971; i n s u f f i c i e n t  d a t a  i n  p r e s s u r e  a q u i f e r  t o  Compute changes f o r  1971-75. 
P res su re  s u r f a c e ,  s p r i n g  1961 t o  s p r i n g  1975; only One a q u i f e r  r epor t ed  p r i o r  t o  1961. 

* These areas are shown on P l a t e  2.  
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TABLE C-3 

G R O W  WATER LEVELS AT WXLLS 

An explana t ion  of t h e  &umn headings and the  code symbols follows: 

S t a t e  Well Number--rafee t o  t h e  explana t ion  under In t roduct ion .  page 1 2 5 .  

Aouifer--Qualifications are based on the  la tc r r t  geologic  knowledge of t h e  a q u i f e r  system and 

I a 
cons t ruc t ion  of i nd iv idua l  wel l s .  The coda 3y.nbols a re  as follows: 

0 Unqualified due t o  l ack  o f  well1 4 unconfined, o u t s i d e  Corcoran Clay 

1 Unconfined, pe r fo ra t ed  above thb  5 Confined, aqu i t a rd  o t h e r  than 

consCruction and/or g e o l ~ g y  information. area. 

coreoran c l ay .  CWCOL-ZW ciay.. 

corcoran  c lay .  

! 
2 Confined, per fora ted  b e l a w  t h e  6 Composite, pe r fo ra t ed  above and 

below aqu i t a rd  ou t s ide  corcoran 
Clay area. 

3 Composite. pe r fo ra t ed  above and! 
below t h e  Corcoran Clay. 

.Ground surface e l e v a t i o n  represents  the e leva t ion  i n  feet above mean Sea level (U.SsI.S. and . . 
U.S.C. 6 G.S. datum) of t h e  ground surface a t  t h e  w e l l .  E leva t ions  arc usually t aken  from topographic  mape 

and the accuracy is con t ro l l ed  by topographic standards. .  

Date is the date t h e  depth measurement was made. Where 00 appears i n  t h e  d a t e ,  day of measurement 

is unknown. ! 
Ground surface to WateL &face i n  f e e t , *  the  seasured  depth i n  feet from t h e  ground su r faCe . to  

t h e  water surface i n  t h e  we l l . ,  

Other code symbols used i n  t h i s  column are as follows: 

NO MEASURELWWI (W) 

0 Measurement discontinued 5 Unable t o  ldcate well 

1 pumping 6 W e l l  h a s  been des t royed  

2 Pump house l icked  7 S p e c i a l  

3 Tape hung up. 8 Casing Leaking or w e t  

4 c a n ' t  g e t  t i e  i n  cas ing  9 T e m p r a r i l y  i n a c c e s s i b l e  

The words FLOW and DRY,are shown i n  t h i s  column to i nd ica t e  a Slowing or d r y  w e l l .  

Water s u r f a c e  e l e v a t i o n  is  t h e  e l eva t ion  i n  feet above mean sea level (U.S.G.S.. and U.S.C. h G.S. 

It was der ived  by machine computation by s u b t r a c t i o n  of t h e  depth datum1 of t h e  water surface i n  t h e  w e l l .  

measurement from t h e  reference p o i n t  e l eva t ion .  

Aqency supplyinq d a t a  r ep resen t s  t h e  code numbers f o r  t h e  agencies s.upplying Water l e v e l  data. 

In  t h i s  l i s t  of Water l eve l s . , t he  agency furn ish ing  t h e  measurement is noted. 
I 

The agencies  and 

coda numbers assigned t o  them are as  follows: 

Agency 

5001 
5050 
5129 
5133' 
5200 
5520 
5521 
5524 
5525 
5527 
5528 
5529 
5530 
5531 
5600 
5601 
5602 
5603 
5604 

* AqenN 

u. s. aureau of Reclamation 
Department of Water Resource; 
Kings county water D i E i t r i C t  
'Kern County Water Agency 

~~ 

c i c y  of FGS~O 
Oakdale I r r i g a t i o n  D i n r r i c t  
E!odcsto I r r i Q J t i o n  Discr icc  ' 
Turlock I r r i g a t i o n  D i s t r i c t  
Merced I r r i g a t i o n  District 
E l  N ido . I+ r iga t ion  D i s t r i c t  
C h w c h i l l a  Water D i s t r i c t  
Paso Resources Conservation Di s t r i c t  
Madern I r r i g a t i o n  D i s t r i c t  
San Luis Canal Company 
Orange Cove I r r i g a t i o n  D i s t r i c t  
Stone Corral  I r r i g a t i o n  D i s t f i c t  
Ivanhoc I r r i g a t i o n  D i s t r i c t  
Kaweah Del ta  Water Consemation D i s t r i c t  
Tulara  I r r i g a t i o n  D i Q t r i C t  , 

Agency 
Code 

5605 
5606 
5607 
5608 
5609 
5611 
5612 
5613 
5614 

5616 
5619 
5620 
5622 
5631 
5636 
5637 
5640 
5644 

AqenN 

Exeter i r r i g a t i o n  D i s t r i c t  
Lindsay-Strathmore I r r i g a t i o n  D i s t r i c t  
Lindmorc I r r i g a t i o n  D i s t r i c t  
P o r t e r v i l l e  I r r i g a t i o n  D i s t r i c t  
Lower T C ~ C  I r r i g a t i o n  D i s t r i c t  
Sauce l i t o  I r r i g u r i o n  District 
P i x l e v  r e r i 4 a t L m  D i L t r x l i  
Delano-Earlimart I r r i g a t i o n  D i s t r i c t  
southern san Joasuin Municipal 
u t i l i t y  Dis t r ic t  
Shaftcr-uasco z r r i g a t i o n  D i s t r i c t  
~ e r r a  Bel la  I r r i g a t i o n  D i s t r i c t  
J ~ ~ C S  I r r i g a t i o n  D i s t r i c t  
Ga r f i e ld  W a t e r  D i s t r i c t  
Fre5n0 I r r f g a t i o n  Distr ic t  a canso l ida t ed  I r r i g a t i o n  District 
A l t a  I r r i g a t i o n  D i s t r i c t  
~ u e n a  Vis ta  Wztor S torage  D i s t r i c t  
Arvin-Edison Water Storage D i s t r i c t  

I 
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Appendix C 
GROUND WATER MEASUREMENTS 

This  appendix contains ground water l eve l  measurements (Table C-1) for approximately 
u,i)~3 wells.for the period October 1.1974, through September 30, 1975. I t  also contains hydrographs of 

wells (Figure C-7) and a tabulation of ground water replenishment (Table C-2). 

Two numbering systems are  used by the Depaitment to facilitate processing of water level 
neasurement data. The  two systems.are the Areal Designation and the State  Well Numbering System as 
&scribed below. 

The Areal Designation System mmprises a se r ies  of major drainage provinces which are  
further subdivided into hydrologic units, hydrologic subunits, and hydrologic subareas. A coding system 
o( the fom U-04.A2 h a s  been develaped 6s follows: 

Drainage Province (Los Angeles) 
Hydrologic Unit (Malihu) 
Hydrologic Subunit (Topanga) 
Hydrologic Subarea (Tuna Canyon> TTi 

Figures C-1 through C-6 show the  location and code  number of each hydrologic subdivision in each. 
drainage province, a s  well a s  the  location of wells for which hydrographs .are.shown in Figure C-7. 

The  State  Well Numbering S y s t e m i s  based on township; range, and section subdivisions 
of the Public Land Survey. The  number of a &ell, assigned in  accordance with th i s  system, is. referred 
to as the State Well Number, .as illustrated below: 

39N / 13E - 08 &. 04 M 

Range Township A T T I T T  
Sequence Number U I  Section 
Trac t ,  

Base  and Meridian (M) Mount Diablo (S) San Bemardino 

This number identifies and locates the well. In the example, the well is in  Township 39 North, 
Range 13 East, Tract K of Section 8, located in the Mount Diablo Base and Meridian. A section is 
divided into 40-acre tracts as shown: 

. 
numbers in a tract a r e  generally assigned io chronological order. The example designates 

the fourth well to be assigned a number in Tract  K. 



'AREAL DESIGNATIONS 
HYDROLOGIC UNITS SUBUNITS AND SUBAREAS 

CENTRALiCOASTAL DRAINAGE PROVINCE 
l-C9.0fl SACWAS IJYDROLOGIC I!!<IT 

T-09.HO Faso Robles Hydrologic Subunit 
T-09.10 pozo Hydrologic Subunit 

T- 10.00 SAN LUIS OBISPO HYDROLOGIC UNIT , 

T-10,Al , San Carpoforo Hydrologic Subarea 
T-10,.42 
T- 10. A3 San Simeon Hydrologic Subarea 

. T-10.A4 Santa Rosa Hydrologic Subarea 
T-10. AS. Villa Hydro1ogic.Subarea 
T- 10. A6 
T-10iA7 . Old Hydrologic Subarea 
T-10,A8 , Toto Hydrologic Subarea 

T-1O.Bl i Morro.Hydmlogic Subarea 
T-l0,B2 Chorro Hydrologic Subarea 
T-10~B3 Los Osos Hydrologic Subarea 
T-10.B4 . San Luis  Obispo Creek Hydrologic Subarea 
T-10.ES ; Point San Luis  Hydrologic Sqbarea 
T-10.56 , Pismo Hydrologic Subarea 

T-1O.Cl ' Arroyo Grande Hydrologic Subarea . 
T-10.C.2 ' Nipomo Mesa Hydrologic Subarea 

T- 10. A0 Cambria Hydrologic Subunit 

i Arroyo De,La Cruz Hydrologic Subarea 

Cayucos Hydrologic Subarea 

T-1O.BO San Luis Obispo Hydrologic Subunit 

T- 10. CO Arroyo Grande Hydrologic Subunit 

T-11.00 CARRIZO PLAIN HYDROLOGIC' UNIT 

T-12.00 SANTA MARIA-CUYAMA HYPROLOGIC UNIT 
T-12.AO Santa Maria Hydrologic Subunit 
T-12.BO Sisquoc ,IJydrologic Subunit 
T-12.co Cuyama Valley Hydrologic Subunit 

. .  T--13.00 SAN ANTONIO HYDROLOGIC UNIT 

T-14.00 SANTA YNEZ HYDROLOGIC UNIT 
T-14.AO Lompoc Hydrologic Subunit 
T-14.EO Santa Rita Hydrdogi? Subunit 
T-14;CO Buellton Hydrologic Subunit 
T-14.DO Santa Yriez Hydrologic Subunit 
T-14.EO Headwater Hydrologic Subunit 

T-15.AO Arguello Hydrologic Subunit 
T-15.CO South Coast Hydrologic Subunit 

T-15.C1 Goleta Hydrologic, Subarea 
T-15.CZ ' Santa Barbara Hydrologic Subarea 
T-15.C3 , Hontecito Hydrologic Suba.rea 
T-15.C4 I Carpinteria Hydrologic Subarea 

I 
T-15.00 ' SANTA BARBARA HYDROLOGIC UNIT 

I 

I 
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; AREAL DESIGNATIONS 
HYDROLOGIC UNITS SUBUNITS A N D  SUBAREAS 

LOS ANGELES DRAINAGE PROVINCE 
U-01.CO RlNCON CREEK HYDPOLOGLC UNIT 

U-02.0Q VENTURA RIVER HYDROLOGIC UNIT 
I U-02 A0 

U-02.80 
U-02.CO Ojai Hydrologic Subunit 

Lower Ventuia River Hydiologic.Subunit 
Upper Ventura River l!ydmlogic Subunit 

U-02.CI Upper Ojai Hydrologic Subares 
U-02.CZ Ojai Hydrologic Subarea 

LI-04.m 
u-0'1 c1 
U-04 C2 
U-04C3 
U-04 C4 
u-04 .c i  
U-04. C6 
U-04.C7 

Point Purne Hydrologic Subunit 
Corral Canyon Hydrologic Subarea 
Solstice Canyon Hydrologic Subarea 
Latlgo Canyon Hydrologic Subarea 
Escondido Canyon liydrologic Subarea 
Ramera Cmyon Hydrologic Subarea 
Zuma Canyon Hydrologic Subarea 
T r a n n s  Canvon Hvdioloeic Sibarea . .  I 

Carnarilib Hydiologic Subunit U-03.00 SANTA CLARA-CALLECUAS HYaROL@Gl( U N I T  Canyan HgdrologicSubaree 
U-03.AO Oxnard Plain Hydrologic Subunit 

U-03.Al Oxnard Hydrologic Subarea 
U-03.AZ Pleasant Valley Hydrologic Subarea 

U-03.BO Santa Paula Hydrolbgic Subunit 
U-03.Bl Santa Paula Hydrologic Subarea ' 
U-03.BZ Sisar Hydroloaic Subarea 

U-a4.D2 
U-W.D3 Nicholas Canyon Hydrologic Subsiea 
U-04.D4 Arroyo Sequil Ilydrologic Subarea 
U-O4.Di 
U-04.D6 Deer Canyon Hydrologic Subarea 
U-04.m 
U-04.D8 ' La Jolla Valley Hydrologic Subarea 

Las Alisos Canyon Hydrologic Subarea 

.... .. _. Little Sycamore Canyon Hydmlogic Subarea 

Big Sycamore Canyon Hydrologic Subarea 
:g 
-is$ 
. , *  

E- 

- 
U-03.CO Sespe Hgdmlagic Subunit 

U-03 C 1  
U-03 C2 Sesp Hydrologic Subarea 

U-03.D1 . Pim Hydrologic .Subarea 
U-03.UZ Upper P im Hydrologic Subarea 
U-03.03 Hungry Valley Hydrologic Subarea : 
U-03.D.1 Stauffer Hydrologic Subarea 

U-03.El Eastern Hydrologic Subarea 
U-03.E2 Bouquet Hydrologic Subarea I 

U-03.E3 Mint Canyon Hydrologic Subalea 
U-03.E4 Sierra Pelona H$dmlagic Subarea ! 
U-03.ES Acton Hydrolaeic Subarea 

U-03.FI \Vest Las  Pasas Hydrologic Subacen ' 
U-03.F2 
U-03.F3 

U-03.F5 
U-03.F6 Gillibrand Hydrologic Suba:ea 
U-03.F7 Smi Valley Hydrologic Subarea 
U-03.FS Thousand Oaks Hydrologic Subarea , 

Fillmore Hydrologic Subarea , 
U-03.DO Pim Hydrologic Subunit 

U-03.EO Upper Santa Clara River HydralQgic Subu?it 

U-03 FO Calleguas-Cmejo Hydrologic Subunit 

East Lus Posas Hydrologic Subarea 
Axoyo Santa Rosa Hydrolbgic Subarea 

Tierra Rejad;, Valley Hydiologic Subarea 
. U-03.F4 Con+ Valley Hydrologic Subarea ! 

U-04.i.00 MALIBU HYDROLOGIC U N I T  
U - 0 l . X  Topanga Hydrologic Subunit 

U-04.A1 Topanga Canyon Hydrologic Subarea 
U-04.A2 Tuna Canyon Hydrologic Subarea , 
U-04.A3 Pena Cenyon Hydrdogic Subarea ; 
U-04.A4 Piedra Gorda Canyon Hydrologic Suba;?a 
U-0l.AS Las Flores Canyon Hydiolog~c Subarea 
U-04.A6 Carbon Canyon Hydrologic Subarea 

U-04.El hlalibu Creek Hydrologic Subarea , 
11-04.82 
Ll-04.83 Lindero .Canyon Hydrologic Subarea 
11-04.R4 TriunIo Canyon Hydrologic Subarea 
U-04.Bi Russell Valley Hydrologic Subarea 
U-04.D6 Shemood Ilydiolagic Subarea 

U-04 BO Malibu Creek Hydrologic Subunit 

Las  Virgenes Canyon Hydiologic Subarea 

U-05.CO LOS ANGELES-SAN GABRIEL RIVER HYDROLOGIC UNIT-'$ 
Coastal Plain of Loa Angelrs County Hydrologic Sobunit If.! 

.b' 

U-05.AO . U-0S.Al Palos Venies Hydrologic Subarea 2:. 

U-OS.A2, \Vest Coast Hydrologic Subarea ,, 
g 

U-9S.A-I fbllywood Hydrologic Subaien Ir 
U-0S.Aj Central Hydrologic Subarea .. i: 

U-05.BI San Fernando Hydrologic k b a r e a  '+ 
U--OS.EZ Sylmar Hydrologic Subrea f.. 
U-OS.B3 Tujunga Hydrologic Subarea .. *.. 

U-05CO Raymond Hydmlogic Subunit L' U-05C1 Pasadene Hydrologic Subarea .Y,: 

U-0.5.CL Monk Hill Hydrologic Subarea 
U-0.5.C3 Saiila Anita Hydrologic Subarea 

. ,.,. U-Oli.A3 Svnta hlonica Hydrologic Subarea 

. .  :fC U-0S.Bfl Sen Fernando Hydrologic Subunit 

. 1.. 
i 

U-flS.B4 Verdugo Hydrologic S b a r e a  
U-OS.B5 Eagle Rock Hyd:ologic Sabarea 

- w 

U-0S.W Sa" Gabriel Valley Hydrologic Subunit 
U-0S.Dl Main Sun Gabriel Hy@lagic Subarea --k _I 

.iX* 
. u. U-05.D3 Upper Canyon Hydmiogic Subarea .._ 

e. g 
U-05 E l  Spadra Hydrolocic Subarea ..* 
U-Oi.E2 Pmona  Hydrologic Subarea I -  

U-O<.FI Anaheim Hydrologic Subarea .,. 
U-05.FZ La Habra Hydrologic Subarea 
U-05.F3 Yorbv Linda l!ydroloeic Subarea 

U-05.02 Lower  Csnyoir Hydrologic Subarea 

U-Oj.D4 FaothiIi Hydrologic Svbarca L 
L 

..I 
U-OS.Efl Spadra t!ydrologic Subunit 

c 

U-OS.E3 Live Ouk Hydrologic Subarea 
U-05.FO Anaheim Hydralogic Subunit  

: 1 

. 1 .  .. 
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w-02.00 

I\'-03.00 
\V-03.AO 
\V-03 BO 
W-03.CO 
W-03.DO 

w-04.00 

w-05.00 

W-06.00 
VI-06.AO 
W-06.BO 

W-07.00 
W-07.AO 
W-07.BO 

W-08.00 
W-08.AO 
W-08.BO 

W-08.DO 
w-oa.ca 

m i o  HYDROLOGIC UNIT 

A ~ B E  HYDROLOGIC U N I ~  

OWENS HYDROLOOIC UNIT 
Long llydrologic Subunit 
Upper Owens Hydrologic Subunit 
Lower Owens Hydrologic Subunit 
Centennial liydrqlogic Subunit 

I 
FIStl LAKE HYDROLOGIC UNIT 

D E E P  SPRINGS HYDROLOqIC UNIT 

EUREKA HYDROLOGIC UNIT 
5larble Balh Hydrologic Subunit 
Eureka Hydrologic Subunit 

SALIXE HYDROLOGIC UNIT 
Saline Hydrologic Subunit 
Cameo Hydrologic Subunit 

RACE TRACK HYDROLOGIC UNIT 
Race Track Hydrologic Subunit 
Hidden Val ley Hydrologic: Subunit 
Ulida Hydro1ogic:Subunit 
Sand F la t  Hydrologic Subunit 

\Y-09.00 AMARGOSA HYDROLOGIC U N l T  
W-09.AO Death Valley Hydrologic Subunit 

W-09.Al Death Valley Hydrologic Subarea 
W-09.A2 Harrisburgh Hydrologic Subarea 
W-09.A3 Wingate Wash Hydrologic Subarea 

K-OL).Bl Avawatz Hydrologic Subarea 
W-09.BZ Red P a s s  Hydrologic Subarea 
W-09.B3 Valjean Hydrologic Subarea 
%-O9.B4 Shadow Hydrologic Subarea 

W-09.CO Furnace  Creek Hydrologic Subunit 
W-09.C1 Furnace  Creek Hydrologic Subarea 
W-WX7 Greenwater Hydrologic Subarea 

LO9.DO Amargosa Hydrologic Subunit 
\V-09.D1 Cal ico  Hydrolqgic Suba'rea 
W-09.DZ Amargosa Hydiolagic Subarea 
W-09.D3 Chicago Hydrologic Subarea 
\V-09.D4 California Hydrologic S,ubares? 

W-09.BO Valjean Hydrologic Subunit 

AREAL DESIGNATIONS 
HYDROLOGIC UNITS SUBUNITS AND SUBAREAS 

LAHONTAN DRAINAGE PROVINCE 

w-lo.w 
w-11.00 

vi-iz.w 
W-13.00 

W-13.AO 
W-13.BO 

W-14.00 

w-15.w 
W-1S.AO 
W-1S.BO 

W-16.00 

W-17.00 

w- 18.00 

IV-19.00 

PAHRUMP HYDROLOGIC UNIT 
MESQUITE HYDROLOGIC UNIT 

IVANPAH HYDROLOGIC U d I T  

OWLSHEAD HYDROLOGIC UNIT 
Los t  L a k e  Hydrologic Subunit 
Owlshead Hydrologic Sub4nit 

LEACH HYDROLOGIC UNIT 
1 

NELSON HYDROLOGIC UNIT 
McLean Hydrologic Subunit 
Nelson Hydrologic Subunit 

BICYCLE HYDROLOGIC UNIT 

GOLDSTONE HYDROLOGIC UNIT 
COYOTE HYDROLQGIC UNIT 

SUPERIOR HYDROLOGIC UNIT 
i 

w-20.00 P 
\'I-20.AO 
\\'-ZO.BO 

W-2O.Bl 
W-20.BZ 

W--M.CO 
w-20.w 

W -20. D 1  
W-2O.DZ 
W-20.D3 

W-20.EO 
W-20.FO 
VI-2O.GO 
W-20.HO 

. -  
L e e  Flar,Hyd&gic Subunit 
Santa  Rosa  F l a t  Hydrologic Subunit 

Santa Rosa F l a t  Hydrologic Subarea 
Rainbow Hydrologic Subarea 
Silver Dollar Hydrolagic Subarea 

Darwin Hydrologic Subunit 
Panamint Hydrologic Subunit 
Brown Hydrologic Subunit 
Robbers  Hydrologic Subunit 

w-21.00 SEARLES HYDROLOGIC UNIT 
W-2l.AO S e a d e s  Hydrologic Subunit 
W-21.BO Satt  Wells Hydrologlc Subunit 
IV-2I.CO - Pi lo t  Knob Hydrologic Subunit 

\V-22.00 COS0 HYDROLOGICUNIT 
'W22.AO Wild Horse Hydroloaic Subunit 
W-22 80 C o s 0  Hydrologic Subunit 

W-23.00 U P P E R  CACTUS HYDROLOGIC UNIT 

W-24.00 INDIAN WELLS HYDROLOGIC UNIT 
W-24,AO R o s e  Hydrologic Subunit 
W-24,BO Indian Wells l lydrologic Subunit 

w-25.00 FREMONT HYDROLOGIC UNIT 
W-2S.AO Dove Springs Hydrologic Subunit . 
VI-25.80 Kelso L a ~ ~ d i s  Hydrologic  Subunit 
W-2S.CO E a s t  T e h s c h a p i  Hydrologic Ssbvnit 
W-25.DO Koehn Hydrologic Subunit 

w-26.00 ANTELOPE HYDROLOGIC UNIT 
W-26.AO Antelope Hydmlogic  Subunit 

W-26.Al Chafee Hydrologic Subarea ' 
W-26.AZ G l a s t e r  Hydrologic Subarea 
W-26.A3 Willow Sprints Hydrologic Subarea 
W-26.A4 Neenach Hydrologic Subarea 
IV-26.AS L a n c a s t e r  Hydrologic Subarea 
W-26.Ab North Muroc Hydrologic Subarea 
W-26.AT B u t t e s  Hydrologic Subarea 
W-26.A8 R o c k  Creek Hydrologic Suharee' 

W-27.00 CUDDEBACK HYDROLOGIC UNIT 

W-28.00 MOJAVE HYDROLOGIC UNIT 
W-28 AO 
W-28.BO Upper blojave Hydrologic Subunit 
W-28.CO Middle Mojave Hydrologic Subunit 
W-28.DO H a p e r  Hydralogic Subunit 

W-28.Dl Grass Valley Hydrologic Subarea 
W-28.D2 Harper Hydrologic Subarea 

W-28.EO Lowerhlojawe Hydrologic Subunit 
w-28.FO Troy HydrologicSubuni t  
. W-28.Fl K a n e  Wash Hydrologic Subarea 

W-28.FZ Troy Hydrologic Subarea 
\V-ZR.GO Afton Hydrologic Subunit 

W-28.Gl Caves Hydrolo i c  Subarea 
W-28.GZ Cronese  Hydrofogic Subarea 
W-28.G3 Langford Hydrologic Subarea 

W-28.Hl Silver L a k e  Hydrologic Subarea 
W-28.HZ Soda Lake Hydrologic Subarea 

El Mirage Hydrologic Subunit 

W-28.HO Bilker Hydrologic Subunit 

w-28.10 K e l s o  Hydrologic Subunit 

w-23.00 BROADWELL HYDROLOGIC UNIT 
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x-1.00 

X-2.00 

X-3.00 

X-4.00 

x-5.00 

X-6.00 

x-7.00 

x-8.00 
X-8.AO 
x-P.BO 

X-9.AO 
X-9.BO 

x-9.00 

x-io.on 
.X-IO.AO 
x-10 BO 

x-11.00 

x-12.00 

X-13.00 
X-13.AU 
X-13.EO 
X-13.CO 

X-14.00 

X-15.00 
X-15.AO 
S-1i.BO 
X-li.CO 
X-15.DO 
X-15.EO 

X-16.00 

x-17.00 
X-17. A 0  
X-17.RO 
X-17.CO 
X-17,DO 

x-18.00 

' AREAL DESIGNATIONS 
HYDROLOGIC UNITS SUBUNITS AND SUBAREAS 

COLORADO RIVER BASIN DRAINAGE P R O V I N C E  
LUCERX HYDROLOGIC u y r  
JOllXSON HYDROLOGIC LTNlT 

BESSENER €lYDROLOGIC UNIT 

MEANS HYDROLOGIC UNIT ' 
ENERSON HYDROLOSIC UNIT 

LAVIC HYDROLOGIC UNIT 

DEADWAN HYDROLOSIC UXIT 

JOSHUA T R E E  HYDROLOGIC UNIT 
Warren Hydrologic  Subuni t  , 
Copper  Mmntain Hydrologic Subunit 

DALE HYDROLOGIC.UNIT ; 
Twentynine P a l m s  Hydroldgic  Subunil 
Dale  Hydrologic Subunit 

BRISTOL HYDROLOGIC UNIT 
Bristol  Hydrologic Subunit: 
F e n n e r  Hydrologic  Subunit 1 

CADIZ HYDROLOG1C:UNlT 

XARD HYDROL0,ZIC UNIT 

P I U T E  HYDROLOGIC UNIT ' ' 
Lanfa i r  Hydrologic  5:ibunit 
P i u t e  Hydrologic Subunit 
N e e d l e s  Hydrologic  Subuni t  

CHEMEHUEVI HYPROLOGIC UNIT 

COLORADO HYDROLOGIC UNIT 
Vidal Hydrologic Sdbuni t  , 
Big Wash Flydrologic Subunit 

. Quien S a b e  Hydrologic Subupit 
P a l o  Verde Hydrologic  Subunit 
Arroyo Seco Hydrologic Subunit 

RICE HYDROLOGIC UNIT 

CiIUCKIVALLA HYDROLOGIC UNIT 
Ford Hydrologic Subunit 
P a l e n  Hydrologic Subunit i 
P i n t o  Hydrologic Subunit 
P l e a s a n t  Hydrologic Subunit 

HAYFIELD HYDROLOGIC UNIT 

x-19.00 b3ll'EV;ATEF: !IY3F'OLflGIC UNIT 
X-19.A0 Morongo ' lydrologic  Subunit 
X-19.BU Shavers  Hvdrolaxic  Subuni t  
s-19. co San Gorgpn io  Hydrologic. Subuni t 

x - 1 9 . C l  Eeaumont  Hydrologic  Siibares 
X-19.C2 San Gorgonio Hydrologic  Subarea 

X-19.DI Garnet  H i l l  Hydrologic Subarea 
X-19.DZ Miss ion  Creek  Hydrologic Subarea ' .. 
X-19.93 N i r a c l e  Hil l .Hydrologic  Subarea 
X-19.D4 , Sky Val ley Hydrologic  Subarea 
X-19,DS F a r g o  Canyon Hydrologic  Subzree 
X-19 .E  - T h o u s a n d  Palms Hydrologic  Subarea 
X-19.D7 India  Hydrologic  Subarea 

i 

X-19.DO Coachel la  Hydrologic  Subunit 

x-20.00 .CLARK HYDROLOGIC UNIT 

x-21.00 

x-22.00 ANZA-BORREGO H Y n R b L O C l C  UNIT 

WEST SALTON SEA HYDROLOGIC UNIT 

X-22.AO Borrego Hydrologic  Subuni t  
X-22.N . Terwilliger Hydiolag ie  Subarea 
X-22.A2 C o l l i n s  Hydrologic  Subarea 
X-22. A3 Borrego €?ydrologic Subarea 

X-22.BO 
x-22.co Mescal B a j a d a  Hydrologic Subuni t  
X-22.00 San F e l i p e  Hydrologic  Subuai t  
X-22.EO Mason Hydrologic  Subunit 
X-22.FO Vallecito-Carrizu Hydrologic  Subuni t  

Ocotillo-Lower San F e l i p e  Hydrologic  Subunit 

X-?2.F1 Carr izo  Hydrologic  Subarea 
X-22.FZ Val lec i to  Hydrologic  Subarea  
X-?2.F3 C a g e b r a k e  Hydrologic  Subarea 

X-22.Gl McCain Hydrologic  Subarea 
X-22.GZ Jacumba Hydrologic  Subacea 

X-22.GO l a c u m b a  Hydrologic  Su.bunit 

X-23.00 IMPERIAL H Y D R O L X I C  UNIT 
X-23.AO . Imperial Hydrologic  Srrbunit 
X-23.BO Coyote  Wells Hydrologic  Subuni t  

X-24.00 DAVIES IIYI?ROLOGIC UNIT 

x-25.00 

X-26.00 AMOS-OGILBY HY3R3LOGIC 1!NIT 

X-27.00 YIlMA HYDROLOGIC 9NIT 

EAST SALTON SEA HYDROLOGIC UNIT 
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AREAL DESIGNATIONS 
HYDROLOGIC UNITS SUBUNITS AND SUBAREAS 

SpiNTA ANA DRAINAGE PROVINCE 
Y-01.00 SANTA ANA RIVER HYDROLOGIC UNIT 

Y-O1.AO Lower Santa Ana River Hydrologic Subunit 
' E a s t  Coastal  Plain Hvdioloaic Subarea Y-01.Al 

Y-01.AZ 
Y-01.A3 

Y-01.Bl 
Y-Ol.B2 
Y-Ol.B3 

Y-01.80 

Y-OLB4 
Y-OLB5 
Y-OLB6 
Y-01.B7 

Y-0,l.Cl 
Y-01.CZ 

Y-OLCO 

~-01.a  
Y-OLC4 
Y-OLC5 

Y-OLD0 
Y-OLDl 

.Y-Ol.DZ 
Y-Ol.D3 
Y-Ol.D4 
Y-01.D5 

Y-01IEO 
Y-OLEI 
Y-DLE2 
Y-01.E3 

Y-OLE7 
Y-01.ES 
Y-01.E9 

Y-OLFl 
Y-01,FO 

Y-OLF2 
Y-OLF3 

. Y-01.F4 

- 
Santiago Hydrologic SJbarea 
Snnls Ani, Nnrrows Hydrologic Subarea 

M d d l r  S w r n  Ana R i w r  Hydrologic Subunit 
Chino Hydrologic Subzres 
H;trrison Hydrologic Subarea 

' Clarwnonr Heights Hydmlogk Subarea 
Cuuarnunga Hydrologic Subarea 

, Temescal Hydrologic Sdbarea 
Arlington Hydrologic Sabaceo 
Rivers ide  H/dmlogic Subarea 

Like !.l:itht.x s Hydioloeic Subunit 
Coldwater Hrdrolagic Subarea 

: Bcdford Hydrologic Subarea 
' Cajalco Hydrologic Subarea 

Lee Lake Hydrologic Ssbaten , Term Cotra Hydrologic Subarea 
Collon-Rialto Hydrologic Subunit 
, Upper Lyt le  Hydrologic Subarea 
' Lower Lytle Hydrologic Sabarea 

Upper Coltan-Rialta Hydrologic Subarea 
Colton-Rialto Hydrologic Subarea 
Rcche Hydrologic Subarea 

C a l m  Hydrologic Subarea 
Bunker Hill Hydrologic Suba:ea 
Redlands Hydmloeic Subarea 
b!entone Hydrologic Slbarea 
Reservoir Hydiolopjc Subarea 
Cmfton Hgdmlogic Subarea 
s m t o  Ana Canyon fiydmlogic S u b a m  

, Mill Creek Hydrologic Subarea 
Sycamore Hydcologic Subarea 

i San Tnrnutea tlydralalyc Subunit 
Yucaipa Hydrologic Subarea 

' >an Tirnoteo Hydrclogic Subacea . Cherry Valley Hydiologic Subarea 
~ Cnicken Itill Hydrologic Subarea 

Upper S a d 3  Ana Riaer Hydrologic Subunit 

Y-01.FS Gateway Hydrologic Subarea 
Y-01.F6 Oak Glen Hydrologic Subarea 
Y-01.F7 South Mesa Hydrologtc Subarea 
Y-01.FS Triple Falls Creek Hydrologic Subarea 
Y,01.F9 , Nobie Creek Hydrologic Subareo 

San Bernardino Mmntain Hydmlogic Subunit 
Y-OLGl , Bear Valley Hydrologic Subarea 
Y-01.G2 Seven Oaks Hydrologic Subarea 
Y-01.G3 : Ealdmin Hvdmlogic Subarea 

Y-02.Al ' Perris Valley Hydroloo,iic.Subarea. 
'Y-02.AZ Menifee Hjdrologic Subarea 
Y-02.AS Winchester Hydrologic Subarea. 
Y-02A4 8 Lakeview Hydrologic Subarea 
Y-02.AS Hemet Hydrologic Subarea 

Y-g2.80 San Jacinto Hydrologic Subunit 
Y-02.B1 * 
Y-02.BZ I 
Y-02.B3 , Bautista Hydrologic Subarea 

Y-02.Cl Elsinore Hydrologic Subarea 
Y-02.C2 ' Railroad Hydrologic Subarea 

Y-01.GO 

Y-02.00 SAN JACINTO VALLE,Y HYDROLOGIC UXlT 
Y-02.AO Perris Hydrologic Subunit 

San Jacinto Hydrologic Subarea 
Hemet Lake Hydrologic Subarea 

Y-02.CO Elsinore Hydrologic Subunit 

t 

* -. . .. 
. .  

." . .  

1 .  

! 



NAMES AND AREAL CODE NUMBERS OF HYDROLOGIC AREAAS 
S A W &  ANA DRAINAGE PROVINCE (V) 

EPARTMENTOF WATER RESOURCE5,SOUTHERN DISTRICT. 1870 
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A R E A L  DESIGIIATIONS 
H Y O R O L O G I C  UNITS SUBUNITS AN0 SUBAREAS 

SAN DIEGO DRAINAGE PROVINCE 

z-02.w s 
2-02.AO 

Z-O2.Al 
Z-02.AZ 
2 -02A3 

Z-VZdl 
2-02.82 
2-02.83 

Z-02.CI 
Z-OZ.CZ 
Z-02.C3 
Z-O?.Cd 
2-0z.cs 
Z-02.C6 

2-02.DI 
2-02.DZ 
2 4 2 . 0 3  
Z-02.D4 

2-DIE1 
2-OZEZ 

2-OZF1 
Z-OZF2 
2-02.FJ 

Z-OZ.GI 
2-02.G2 
2 4 2 6 3  
Z-02.Gd 

2-OZHI 
2-02.H2 
Z-0Z.HS 
2-02.114 

Z-01.ll 
Z-02.IZ 
242.13 
2-02.14 

2-02.m 

2-O?.CO 

2-02.w 

2-02 .EO 

7.-02.FO 

2-02.60 

2-02.HO 

2-02.10 

z- -03.w 
2-03.AO 

2-03.AL 
2-03.AZ 
2-03.113 
2-OJ.AI 
Z-03.A5 
2-03..26 

2-03.81 
2-03.82 
2-03 83 

2-03 C l  
Z703.C? 

2-03.80 

2-03.c0 

zdb.00 
2-06 A0 
2-06.80 
z-06.co 
2-06.w 
2-06.EO 

2 -07.00 s 
2-0i.AO 

Z-G?.AI 
2-07.AZ 
Z-W.A3 
2-07.ACi 
2-07.AF 

2-07.81 
2-07.82 
Z-07.El 
2-07.64 

2-07.Cl 
z-(li.cz 
2 - W . U  

2-07.Dl 
Z-Oi.D2 
Z-07.03 

2-07.80 

2-07.CO 

2-O7.W 

2-09.W ! 
2-09.AO 

2-09.BO 

2-01.11 
Z-01.A2 

2-09.81 
Z-09.R2 
2-09.83 
Z-09.R.4 
Z-OQ.B5 
2-09 86 

Z-W.Cl 
2-09.cz 
2-01.c3 
z-09.0 
2-09.ci 

2-09.CO 

-u 
j 
1 

~' ' j 
. .  . ,  

. .  
I 

I 
k 

'I 





PAS0 ROBLES HYDROLOGIC SUBUNIT (T-09.HOl 

' WELL Z6S/ IBE-9UZ.M.O.B.BM. 

I 

ARROYO GRANDE HYDROLOGIC SUBUNIT CT-IO.CO) 

I 
i 
i 
i 

SAFJTA MARIA HYDFlOLOGlC SUBUNIT (T-12.AO) -' 

WELLS ION134W-14E3.14E2.14ES.S.B.8.BM. 

YEAR NOTE LOCATION OF WELLS ShOWN 011 PAGE 55 
I 
I 

F L U C T U A T I O N  OF W A T E R  L E V E L  IN W E L L S  

'ARTMENT OF WATER RESOURCES. SOUTNERN DISTRICT, 19:s 

-~~ 



CUYAMA VALLEY HYDROLOGIC SUBUNIT (T-IZ.CO1 

LOMPOC HYDROLOGIC S U B U N I T  (T-14:AO) 

17.- -,= 

F L U C T U A T I O N  OF W A T E R  L E V E L  IN, W E L L S ,  

SANTA Y N E Z  HYDROLOGIC SUBUNIT (T-14.DO) 
WELL 6N/3OW-6A1,50.8.8U. 

S.0 

620 

500 

,560 

5.0 

320 

Y E a R  



W e  C-7 Sheet 3cf13 

SOU?H COAST HYDROLOGIC SUBUNIT (T15.CO) 
W i L t S  4N/ZB\V-17Hll. 1782. 1%I, 5 . m  5, M. 

G A O W D  SURFICE ELEV. 22’ 
4 

0 

-20 

-40 

-eo 

ui 
i 

c 
w 
W 
u_ 

* 
F L U C T U A T I O N  OF W A T E R  L E V E L  I N  W E L L S  

PARTMENT OF WATER RESOURCES. SOUTHERN DISTRICT. 1978 



I .. ::J- ,,.. ' - .  

OXNARD P L A I N  HYDROLOGIC SUBUNIT (U-03.AO) 

,r' 
, 1 

rp 9 . 

!F" 

._^.. 
NOTE: LOCATION OF WELLS SHOWN ON PAGE $7 

F L U C T U A T I O N  O K  W A T E R  ' L E V E ' L  IN W E L L S  ' , . . :. .. . 

DEPAi(TMENT OF WATER RESWRCES. SOUTHERN DISTRICT, 1976 

-69- 
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! 
igure C-7 Snael 5df 13 

WELLS 3S/14W-29NI. 2903. S.B.B.SM 

20 

0 

-20 

4 0  

-60 

YEAH NOTE: LCCAITION OF WLL6 SHOWN CN PPGE 9 

. 
F L U C T U A T I O N  .OF ' W A T E R '  L E V E L  IN W E L L S  

i 
PARTMENT OF WATER RESOURCES. SOUTHERN OJSTRICT. i976 

-70- 



Figure C-1 Sheel 6of 13 .-. , . ,  . . I .  9 

SAN FERNANDO HYDROLOGIC SUBUNIT (U-05.80)  

RAYMOND HYOROLOGtC SUBUNIT(U-OS.GO1 

MOILiLOCIITON OrXEU_P 
6"OW ON PAGE 57 

YEAR 

F L U C T U A T I O N  OF W A T E R  L E V E L  I N  W E L L S  I 4, - ': 1 - 
iP*RrMEhT OF W4TER RESOURCES, SOUTHERN IIISTRICT, 1976 

-7:. 



Figure C-7 Sheet 70113 I 
k 

I 

SAN GABRIEL VALLEY HYDROLOGIC SUBUNIT 1 U-05.00) 

ANAHEIM HYDROLOGIC SUBUNIT ~ u - o ~ . F o )  
WELL 35/10W-27Nl 32Pl SBB.8Y. 

PI 

YEdR I 

\ 

F L U C T U A T I O N  OF WATER' L E V E L  IN W E L L S  



Figure C-7 Sheel 8of  13 

. ... --:I ,. , 

- 

*r? 
C%. 

FLUC.TUATl.ON O'F WATER L E V E L  IN W E L L S  
. .  

< 

DEPARTMENT OF W A I E R  RESOURCES,  SOOTHERN DISTRlCT. 1976 

-13- - .. . . ... .. -. . _ _  -. . -. .. . * -r. . t .x ..,, . . c.. 

ANTELOPE HYDROLOGIC SUBUNIT (W-26.AO) 
WELLIIN/13W-Z9MI, S.B.B.BM 

GROUND SURFACE ELLY ,391' 

YEAR 



. 
w e  C-7 Sheet 9 d l 3  

MIDDLE MOJAVE HYDROLOGIC SUBUNJT 4 W-28XO)  
WELL I O N I Z W 4 P I  .S.B.E.BY. 

LOWER MOJAVVE HYDROLOGIC SUBUNIT (W-ZS.EO) 
WELL 9NllE-13EZ .La. 8.8 H. 

1820 

m7s 
WELLS SNI3E-12E1.9N14E-7M2.S.B.B 8 H 

YEAR 

NOTE: LOCmOH OF Weup 
. MOWN.ON PAGE '59 

F L U C T U A T I O N  OF: W A T E R  L E V E L  IN W E L L S  

PARTMENT OF WnTER RESOURCES. SOUTHERN DISTRICT. 1976 



c 
Y 

w 
Y 

COACHELLA HYDROLOGIC SUBUNIT (X-19.DO) 
WELL 45/5E-I7LI 5.8 8.BM. 

BORREGO HYDROLOGIC SUBUNIT (X-Z2.AO) 
WELL IOS/6E-21A1 S.8.8.8N. 

NOTE:LOC.UtSN OF WELLS 
SHOWN ON PAGE 61 

YEAR 

F i U C T U A T I 0 . N  O F  WATER L E V E L  IN W E L L S  

PdRTMENT OF WATER RESOURCES. SOUTHERN DISTRICT. 1976 



"re C-7 Sheet l l o i 1 3  

-l 

I 

LOWER SANTA ANA RIVER HYDROLOGIC SUBUNIT (Y-OLAO) 

YEER 

' I >  * 

F L U C T U A T I O N -  OF WATER L E V E L  IN W E L L S  

P A R T M E W O F  WbTER RESOURCES, SOUTHERN DISTRICT. 1976 - 4  

.ia- 



Figure C-7 Sheet I Z a f l 3  

F L U C T U A T I O N  O F  W A T E R , ' .  L - E V E L  IN W E L L S  

F'RTiiENr OF WATER RESOURCES.SOUTHERN DISTRbCT, 1976 

- 7 i -  

. .  - . .' 4 .  1 I. - .. ., _ -  



I 

lure C-7 She1 13d 13 

MURRIETA HYDROLOGIC SUBUNIT [z -o~.co)  
WELLS 7S/3W-17P4.17P7817P8.S.B 8.6M. 

BONSALL HYDROLOGIC SUBUNIT (Z-03.AO) 
WELL 115/4W-9EI. 5.8.8.8N. 

TIP. JUAN'A HYDROLOGIC SUBUNIT (Z-lI.AO>! 
- WELLS 19S/ZW-4hl3,4A6.5JI.ZP7.S.B8.E(M. 

PO 

0 

-*o 

-40 

. ~ .. 

F L U C T U A T I O N  OF: WATER L E V E L  IN W E L L S  
I 

%RTMENT OF WATER RESOURCES.50VTHERN DISTRICT, 1975 

D 



.A . ,- . Y h t  

.$ 
<I: 

.vr 

3.2 
45. 
. ,  

,i? 

Agency 

1101 
'f 1200 

1437 
1733 
2225 

2980 
3230 

- code - 
3 -  

3718 
3719 

" 3847 
4104 

5 
4 

Table C-1 
GROUNDYlATERLEVELSATWELLS 

An explanation of the column headings and the code symbols follows: 

State IYell Number - Refer to the explanation a t  the beginning of Appendix C. 

Ground Surface Elevation - The  numbers in this column are the elevation in feet  above mean sea level 
(USGS Datum) of the  ground surface a t  the well. Elevations are usually taken f r o m  topographic maps and the 
accuracy is controlled by topographic standards. 

Date - The  date shown in  the column is the date  when the well was visited to obtain a measurement. 
Where 00 appears in the date, day of measurement is unknown. 

Ground Surface to Water Surface - This  is the measured depth in feet from the ground surface to the 
water surface in the well; certain of the depth measurements in the column may be followed by a number in 
parentheses to indicate a questionable measurement. The  code applicable to these  ".questionable 
measurements" is as follows: 

(1) Pumping (6) Other 
(2) Nearby pump operating 
(3) Casing leaking or wet (8) Oil in casing 
(4) Pumped recently 
(5) Air or pressure gage measurement 

(7) Recharge operation at or near well 

(9) Caved or deepened 

When no measurement was obtained, then only a number in  parentheses is shown i n  the column. The code 
applicable to these "no measurements" is a s  follows: 

(1) Pumping 
(2) Pump house locked (7) Special 
(3) Tape hung up (8) Casing leaking or wet 
(4) Cannot get tape in casing 
(5) Unable to locate well (0) Measurements discontinued 

(6) Well has  been destroyed 

(9) Temporarily inaccessible 

The words flow and dry,  are shown in  this column to indicate a flowing or dry well, respectively. A minus 
preceding the number in this  column indicates that the s t a t i c  water level in the well is this distance in  feet  
above the ground surface. 

Water Surface Elevation - T h i s  is the elevation in feet above mean sea level (USGS Datum) of the 
water surface in the well. It was derived by subtraction of tbe depth measurement from the ground surface 
elevation. 

Agency Supplying Data - Each number in this column is the code number for the agency supplying 
data for that measurement. The  agencies supplying data for this report and the  code numbers assigned to . 
them are as follows: 

Agency name 

Los Angeles County Flood Control District 
Los Angeles City, Department of Water 

Chino, City 
San Gabriel Valley Protective Association 
Santa Paula Water Works 'Limited (Incl. 

Western Municipal Water District 
San Bernardino,' City 
San Bernardino Valley Water Conservation 

and Power 

Limoneira Water Co.) 

Agency 
code - 

4124 
4201 
4205 
4206 
4209 
4210 
4228 
4402 
4405 
4412 

District 
Webb, A. A., Associates Company 4700 
West End Consolidated Water Company 4701 
Gage Canal Company 4702 
San Bernardino, East ,  County Water District 

Agency name 

San Bernardino, West, County Water District 
Colton, City 
Upland, City 
Long Beach, City 
Oxnard, City 
Anaheim. City 
Ontario, City 
Ramona Municipal Water District 
Vista Irrigation District 
Metropolitan Water District of Southern 

Palm Springs Water Company 
Corona Foothill Lemon Company 
Cucamonga County Water District 

California, The  

Continued 
-79- 
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a Table C-1 (continued) 
GEOUNDWATERLEVELSATWELLS 

Agency Agency 
code Agency name code Agency name - 

4706 
4709 
4715 
4742 
4748 
4750 
4776 
4785 
4793 
4829 
4850 
5000 
5001 
SO15 

5050 
5060 
5061 

5062 
5101 
5102 
5103 

5117 

5121 
5125 
5135 
5202 

I 
Fontana Union \Vater Company: 5205 Carlsbaci Municipal mater District 
Irvine Company 5206 Redlands, City 

Yorba Linda County Water District 5229 San Diego, Ci ty  
San Antonio Water Company 5272- Corona, City 
San Luis  Rey Heights Mutual Water.Company 5400 Helix Water District 
Southern California \Vater Company 5404 Santa Maria Valley Water Conserv 
California Portland Cement Cofnpany 2 5407 Beaumont Irrigation District 
Muscoy Water Company 5408 Fallbrook Publ ic  Utility District .~ .. 
Banning Water Company 5411 United Water Conservation District * . > 
Kaiser Industries Corporation : 5412 San Bernardino Valley Municipal \V 
U. 5. Geological Survey 5419 Yucaipa Valley County Water Dis 
U. S. Bureau of Reclamation 5703 California-American Water Compan 
U. S. International Boundary and Water 

California Department of Water Resources 5710 Green Mutual Water Company 
California Department of Healtti 5711 Escondido Mutual Water Company 
Watermaster West Coast. Basin Party 

Watermaster Raymond Basin P a k y  Association 5717 Temescal Water Company 
San  Bernardino County Flood Control District 5720 Riverside Water Company 
Orange County Flood Control District 5721 Frances Mutual Water Company 
Riverside County F1ood:Control and 5723 Pine  Valley Mutual Water Company 

Water Conservation District 5724 Del Dias Mutual Water Company 
San Luis  Obispo County Flood Control 

and Water Conservation District 5783 Riverside Highland Water Company 
Ventura County Flood Control District 5881 Dulin Ranch Company 
Monte Vista County Water District 6224 
Coachella Valley County Water District 8027 Norco City 
Oceanside, City I 8208 Glenn Avon Heights, Mutual Water Company of 

Santa Ana Valley Irrigation Cdmpany 5208 Riverside, City . .  

W. and T..Co.) 
Commission 5708 Vail Company 

5713 Rowe, W. P. & Son 
Association 5716 Elsinore, South, &Jntual Water Company 

5727 Julian Mutual Water Company 

Mesa, South, Mutual iVater Company 

I 

COUNTY WHERE WELL. IS. LOCATED 
County 

Imperial 
Inyo 
Kern 
Los Angeles 
Mono 
Monterey 
Orange 

- Code __ - Code County 

13 Riverside 33 
14 San Bcrnardino 36 
15 5an  Diego 37 

I Sen Luis Obispo. 40 
Santa Barbara 42 

19 
26 
27* Ventura 56 
30 

! 

* Portion of P a s o  Robles Hydro Sdbunit i i  Monterey County 

I -80- 



1 1 1  I 

TABLE C-l  
GROUND WATER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

55/12E-26LOl W LO 

. 
?55/13€-llROI Y 40 915.0 4!17/77 176.6 738.5 51 

255113E-32NOl P *D 74L-0 5/17/75 53.8' 690.2 51 

4/15/75 39.8 563.9 255/15E-OZCOI Y 60 .1165.0 I O n w 7 ~  FLOW 51 

4 /15 /75  23.a 532.0 Z55115E-llC03 Y 40 

I490.D 10/2L17L 37.0 1452.b ,5117 

603.3 111>4/74 A1.L 56119 5117 

565.9 11/14/7* 32.6 532.6 5117 
4/22/75 &OW 

570.6 llllSlTI 37.7 537.9 5117 
4/15/75 92.6 538.0 255/15E-l39Dl P 40 

616.8 ll/IW7L 60.1 556.7 51x7 

1160.0 10IZ3/7& 99.5 1060.5 5117 Z55,1(.E-l7L01 Y 40 
'1117175 99.1 1060.9 

1160.0 

2300.0 

1320.0 

1310.11 

1211.5 

1225.0 

99.5 

92.0 
83.4 

82.6 
NU-1 

79.3 
77.0 

5.7 
8.8 

30.1111 
21.5 
16.8 

1060.5 t i l l 7  

2208.0 5117 
ZZlb.6 

121T.* 5117 

1230.7 5117 
1233.0 

1202.7 5117 
1205.8 

1191.6 5117 
1203.5 
1208.2 

600.0 11/lIC14 52.8 547.2 5111 

880.0 10121,76 42.5 837.5 5111 

4/15/75 53.5 546.5 

11/19/76 52.4 837.6 
4 4 7 1 7 5  41.6 838.9 

836.0 ~ o m m  NY-I 5117 
11/13/7L k2.9 793.1' 
4/17/75 39.1 796.9 

*,15/75 26.2 558.8 

1/15/75 5.7 592.3 

4/15/75 32.7 572.3 
6/19/78 mY 

585.0 i o i a m  ~ s . v , I >  529.1 5117 

598.0 I O I ~ W ~ L  9.9 508.1 5111 

605.0 lDl22llC 61.5 543.5 5111 

620.0 10122217* NM-1 5117 

6L0.0 1012317) 75.6 561.4 5117 
4/17/75 6B.L 579.9 

6 U . D  10/2317+ 71.0 569.0 5111 
'41,175 NU-I 

4117n5 26.6 597.5 

k/15/75 71.7 608.3 

62S.D 10121/71 20.2 603.8 5117 

660.0 12/02/76 75.9 604.1 5117 

749.0 30/29/711 132.0 617.0 5117 
1,09/15 lZ3.0 ' 626.0 
b102/75 130.0 619.0 

26W12E-PlLQl M 4 0  

265~1?€'22KPl Y 4 0  

P6s,*2E-2zPDz Y 60 

265/12E-26001 P 60 

7-9.0 lDI2'17L 1'2.8 (106.2 5117 
1/04/15 132.6 616.4 
2/20/75 138.1 610.9 
7,21175 115.5 603.5 
W Z L I 7 5  190+0(11 559.0 

1109,7s 151.9 721.1 
2120175 151.3 726.7 
4102,75 150.5 729.5 
7/26/75 188.5 689.5 Z61/12E-35Pll? tA 40 
9/21175 I%.* 68Z.O 

818.0 10/21/74 179.2 698.11 5117 

1155.0 10/211/7& 32.5 1122.5 51 
LIZ2175 21.3 1131.7 

1165.0 I O I P L I 7 4  NU-1 
12/06/74 29.9 
6/22/75 28.1 

121n.o ,012*174 65.7 
4/22/75 65.9 

8*,.." 11,19/,* 209.7 
4/21/75 193.0 

675.0 10123n1 46.5 
4/21/75 4Z.2 

696.d 12,0217'. 68.5 
4/15/73 . 68.6 

dso.0 ,2,02/71 *117/75 21.9 10.1 

867.0 4121179 3 3 ; ~  

6611-0 10/P3/74 1G.2 
4/21/75 NW-7 

76L.O 10117CI& 167.7 
1/09/75 135.0 
2120175 132.8 
*,ow75 133.3 
7/26/75 168.3 

100o.o 1 0 n 2 m  Nn-i 
11/19/14 3.4 
L/21/75 NU-1 

660.0 ,0,13,76 9.9 
6/21/75 9.6 

810.D 11/15/7* 155.6 
4/21/75 166.7 

8211.0 10123/7& 157.8 
?121/15 155.3 

829.0 10117/71 201.5 
1,09,75 196.1 
2/P0175 191.2 
4/02/75 197.3 
7,21175 193.5 
PlZL1,5 198.2 

8W.O 10/23/7b 186.9 
4 / 2 l l R  NH-1 

834.0 10,17/,)4 L70.0 
1/04/Z5 168.3 
2120n5 168.5 
4102175 MU-1 
712'.,75 170.5 
9 /24 /75  110.1 

51 
1135.1 
1136.9 

1152.3 51 
1152.1 

636.3 I1 
651.0 

620.5 51 
632.R 

621.5 51 
627.' 

658.1 51 
669.9 

833.6 51 

653.8 51 

613.3 51 
696.0 
628.2 
627.7 
592.7 

6U.3 51 
653.L 

616.7 5L 
639.'t 
6*&. 5 
6+7.6 
611.3 
621.1 

996.6 
511 

6511.1 511 
650.' 

65C.4 511 
663.1 

663.0 51, 
661.7 

627.9 511 
m1.9 
m7.a 
631.7 
635.5 
630.8 

653.1 511 

661.0 511 
665.7 
665.5 

663.5 
663.9 

652.0 511 
6az.r 

,721.6 511 
723.1 

685.3 111 
691.5 

800.0 1012117L 77.8 722.2 511 
W17175  113.6llI 686.b 

4111175 21.6 792.4 
820.0 i . ~ i 2 0 i i *  61.8 n5.2 511 



934.0 11/2017* 212.0 8 722.0 5117 
4/21/75 208.9 , 725.1 

1005.P 10/30174 Il2.Z 832.8 5117 
1/06/75 172.1 ! 832.9 
2 /20 /75  171.6 833.6 
4/02115 172.9 832.1 . 7/21/75 177.0 i 828.0 
9/21/15 166.4 840.6 

11W-0 7/2*175 2PR.OIII: 8LZ.0 5117 

1000.0 10/3017" 98.3 ; 901.7 5111 

9/25/75 236.3 1 003.7 
I 

12/06/74 85.7 916.3 
7,21175 NH-, 
9/25/75 t 110.6 , 889.6 

9'9.0 1013W7C 
1210617'1 

1/09/75 
5,03175 
7/21/75 
9,25,75 

55.3 
32.1 
26.8 
27.5 
69.0 
52.Z 

903.7 5117 
916.9 
922.2 
921.5 
880.0 
8Pb.B 

979-5 10/30174 . 88.0 ' 891.5 5Ll7 
1/09/75 67.7 , ,911.8 

4/02/75 67.5 , 9lz.O 
9/21/79 96.7111, 882.8 

2 e o m  65.1 : 4 1 ~  

930.0 10138/7L NH-7 I 5117 
12/06/71 39.6 848.5 

* / 2 2 / 7 5  '3.8 886.2 

785.0 

700.0 

7*1-.B 

7211-v 

145.0 

740.1 

750.0 

757.0 

B5D.O 

838.5 

750.0 

711.2 

760.0 

n1o.o 

930.11 

B10.0 

HH-1 

""-1 

105.5tlI .  

13.9 

52.0 
47.2 
$2.6 
48.6 
68.3 
47.9 

91.0 
138.5111 

llR.6111 
149.611b 

13.0 
7.0 

13.3 

12.3 

~n-7 

NN-, 

1135.0 10 /30nL 119.3 1015.7 5117 
4/21/75 l z L . O I 1 1  ;101L.o 

686.1 

635.7 
689.2 
69G.O 
698.6 
692.6 
692.9 
693.3 
602.7 
6911.2 
592.6 
591.6 

70r r0  
719.0 

731.7 

m . 7  

1115.0 10R1174 29.5 '1085.2 5117 

1093.0 10117171' 113.1 ' 979.9 5117 
1/06/75 71.3 1015.7 
2120175 70.9 ,1022.1 
4/02/75 70.1 '1022.9 
7/23/7S l p 9 . 3  ' 963.7 
9/25/75 1L1.4 , %*.I 

1068.0 10121174 83.1 i 9811.9 5111 

1068.0 i o m m  82.n ,985.2 9117 

1050.0 ,0,2',7* , 72.7 ' 977.3 5 , , ,  
w23,75 3 I . P  1016.0 

265/15E-20101 Y CO 1057.7 10/24/74 116.7111 1913.0 5111 
2/20175 a5.0 1012.7 
6/02/75 70.1111 6 987.6 
7/23/75 lb5.0<11 8 892.7 

1095.0 10/31117'' 85.0 1010.0 5117 
12/06/74 60.6 1034.L . 

1106175 S5.I 1039.3 
? n o 1 7 5  5".5 10w.5  
4/02/75 72.9 1022.1 
1/23/75 '138.0111 957.0 
Pl25175 81.0 Iqls.0 . .  

IO*O.O 7/23/75 ,179.311) Bb0.7 5117 
9,25/75 :1IP.II  927.2 

1800.0 12/051T* 60.6 1759.6 5117 
l I O W 7 5  36.0 1168.0 
2126175 I 31.1 1768-3 
4/01/75 4 3 4  1757.0 

10/2117& 16.5 735.5 ,5117 
4/2111+ 7.1 742.9 
9/31/15 14.2 735.8 

1071.5 10/17/76 67*l 100n.4 9117 
1/06/75 40.7 1030.8 
2120175 38.1 1031.Q 
7123175 :118.511, 953.0 
9/25175 .111.5<1> i960.0 

1090.0 1/06/75 55.1 1031.9 5117 
2120175 50.7 1039.3 
U 0 3 1 7 5  76.311, 1015.7 
7/21,75 135.0 '955.0 
9/26/78 ,105.2111 ,984.8 

1113.0 10130174 115.1 991.9 5117 
1 8 0 W 7 5  75.5 1036.5 
W02175  ,102.7 1010.3 
?173175 185.011, 'SZB.0 
'1121175 *1 ' ) .71, ,  913.3 

1133.0 10/3017+ 103.0 1030.0 5117 
1/06/75 87.3 1015.1 
6 / 0 2 / 7 5  99.7 1033.3 
7 /23 /75  NU-? 

! pow 79 for key to t e r m  a obbreuialona 



& ' #  I ,  * ,  
TABLE C-l 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

GROLW ffimCY 
DTATC WELL SURFACE SORFACE SUF9L.Y- 

W R  ELEV WG ELEMTON 
0 4 IN FEET 

:$:Et WA7ER 

;w[::: IN FEET DATA 

To W ~ T E R  2 OAT' 

10 

1-09 
7-09." 

860.0 1110517) 15B.2 701.8 5117 
1/09/75 138.0 722.0 
7 / 2 5 / 7 5  218.511) 641.5 
9 /23 /75  P59.S(I> 600.5 

m . 0  i i m i m  FLOY 511 

1013.0 11125/7+ 92.1 950.9 511 

4/21/75 FLOW 

4/21/75 85.6 957.6 

4124,75 '1.2 995.8 
lQ+O.O 11/25/71 37.0 1003.0 511 

105*.3 4/21/75 107.0 967.5 511' 

1072.0 11/04/71 125.3 966.7 111' 
1/09/75 120.5 951.3 
1.103/75 115.2 956.8 
7,25/75 123.6 , 9wJ.6 
9/26/75 127.8 9U.2, 

1180.0 111ow71 117.0 1063.0 51,' 
110w75 148.0 1032.0 
L 1 0 3 / 7 5  113.6 11166.6 
1/25/75 127.0 1053.0 
9/26/75 299.5111 880.5. 

1098.5 W P L ~  16.8 1081.7 lill' 

1121.0 10,3017L 117.2 1003.8 5 1 1  
6/26/75 106.6 1014.4 

1150.0 ' 1 0 / 3 0 / 7 4  . R7.5 1062.5 511: 

1260.0 10/30/71 151.5 llOZ.5 511; 

1160.0 lQ/30/14 125.7 1054.3 91l' 

1225.0 lO/lOl7L 117.9 1107.1 511' 

1250.B 10130174 BB.8 1161.2 911' 

4/26/75 NH-1 

6/21/75 116.8 1063.2 

6/74/75 116.1 1108.9 

4/21/75 , 02.9 1167.1 

1200.0 11/25/74 IlP.8 1057.2 5 1 1  
W2'175 138.9 1061.1 

1120.0 10/17/74 75.2 1054.8 511; 
i/owrs 63.3 1056.7 
PI20175 62.0 1058.0 
6/03/75 67.3 1052.7 
7 / 2 3 / 7 5  1m.1111 971.9 
9126.175 89.3 1030.7 

1/06/75 53.2 1066.2 

' . / 0 3 / 7 5  55.4 1064.0 
I n 3 1 7 5  77.9 1041.5 

1119.5 12/06/74 5+.7 106L.7 511; 

2120175 52.1 1067.3 

1130.0 'IP5,75 MI-, 5111 

1159.5 10/17116 71.5 1088.0 5111 
11/01/71 86.0 1073.5 
12/06/71 04.0  1075.5 
1/06/75 82.6 1076.9 
* 1 0 3 / 7 5  82.4 1077.1 
7/23/75 13.5111 1025.0 
9/26/75 136.711) 1OZz.B 

*/25,75. 6O.E 1169.8 
1230.0 11/01/71 MY-I  5117 

1221.5 11/01l7' 65.5. 1159.9 5111 
1121f75 61.9 1162.6 

1260.0 11/01/75 W.7 1195.3 5111 
6/23/15 71.3 1188.7 

1281.0 11/01,7* 13.0 1268.0 5111 
*/23/15 12.1 IZ68.9 

860.0 lllOL171 8k.b 775.1 Ill? 
1/09/75 76.5 783.5. 
"/0,175 bL.9 795.1 
7/29/15 101.5 758.5 
9,P6,75 98.7 761.2 

792.0 10/21/71 15.1 776.9 5111 
4/18/75 2.3 789.7 
91311175 13.9 7711.1 

'/I11175 3.9 706.1 
9/30175 NY-7 

770.8 10,21171 ,,u-, 5117 

816.0 lOlld/71 28.5 7117.5 511 
*,I8115 IUI-L . 
9/30/75 "-1 

805.0 1012117rt~ 29.9 _, 775.1 511 
4/18/75 11.2 743.8 
9/30/75 30.9 774.1 

877.0 lOIl*/,P z1.e 
4 l lR175 '  10.8 
9/29/75 17.1 

1195.6 lI/OW,t, 75.7 
412W75 7G.5 

9m.n i o m m  75.5 
4/,8175 62.2 
9/29<75 79.0 

17 

17 

.T 

i7 

i f  

7 

.7 

.I 

7 

7 

7 

7 

7 

. I  

856.0 511, 
066.2 
839.3 

705.A 5117 

1156.9 5117 
1154.1 

1119.3 5117 
ll2t.5 

1003.7 5111  
98*.5 
986.7 . 
979.9 

1135.2 5117 

1173.C 5117 
11,s.g 

117T.P 5117 
1178.4 

8 6 h 5  5117 
857.8 
Wl.0 

858.' 5117 
872.6 
sb0.5 

5117 

867.6 5117 
880.1 

Lll9.0 5117 
863.0 
850.T 

m . 8  5117 
8PL.P 
809.1 

5117 
m3.s 

-83. 
v q e  79 for key m lenm a obbraviolionr 

f~ 



, 

!95/13E-OOWS H I O  

: 1-09 
T-09." 

R90.0 9/29/75 C2.3 827.7 5117 

511; 

1374.2 511' 
1379.1 

1393.9 5 1 1  
1393.3 

1393.8 511' 
13P5.1 

1962.S 5Ll' 
1363.4 

1365.7. 511' 
1166.3 

1366.0 5,I  
1391.' 

IkL6.8 511 
1G07.5 

511' 
1517.5 

7-04., 

1653.3 511 
1156.6 

1639.2 511 
I4*1.2 

n m o a  79 far krv m twmr R nbbrovioliana *,. 

18.1 5117 
21.5 

7-10.112 

5.2 5117 
9.6 

T-1043 

7.7 9117 

7.9 5117 

10.8 

10.5 

17.6 
15.8 ~ i i r  

i6.n s i i ?  

16.9 
13.4 

15.3 

5.3 

29.1 

2".8 
22.1 

2b.3 
P3.5 

ZP.0 

10.7 
9.7 

23.8 
14.6 

27.5 

17.2 
16.1 

L1.0 

15.5 
13.7 

ze.6 

7.8 
6.6 

7.8 
6.8 

13.0 
12.5 

19.0 
15.6 

14.11 
11.9 

2P.3 
Z8.8 

6.5 
S.2 

1'3.2 
13.3 

16.6 
10.2 

9.7 
""-1 

9.3 
9.2 

33.1 5.117 
36.6 

106.2 5117 

T-1D.M 

7.7 Sl17 

52.r 9117 

57.2 5111 
59.9 

55.7 5111 
56.5 

2s.n 6117 

Lh9.3 5117 
150.3 

116.2 5117 
120.4 

171.6 5117 
172.5 

185.9 
1 ~ 2 . 8  s i i ~  

1aa.p 5117 

5*L5 5117 
5IS5.9 

r-10.*5 

210.7 5117 
211.9 

lP1.Z 5117 
192.2 

227.0 5117 
227.5 

10,-0 5117 
I04.4 

145.6 5117 
I'l6.1 

5 0 . 1  5117 
51.2 

12.5 5117 
43.8 

,-,O.L7 

28.8 511, 
28.7 

18.4 5117 
24.8 

25.3 
5111 

r-ia.Aa 



63-5 lO l lb l /L  NU-7 
4/10,15 7.7 

59.5 12/10,74 21.0 
4/09/75 2p.9 

29;O 10,111174 Zz.0 
3/31,75 19.0 
9/29/75 23.0 

m.1 ,O,l',,L 18.5 
3131175 13.5 
9/29/75 18.5 

20.0 3 / 3 1 / 7 3  12.0 

w . 0  lOI1',7' 17.5 
3/31/75 11.5 
9129/75 18.5 

20 .0  1011'175 11.0 
3/3,,75 10.0  
9/29/75 13.0 

299.5 12/1017L 36.0 

210.0 10/16,7* Nw-1 

9/29/75 18.0 

*/On175 36.0 

4/09/75 17.6 

5 / 0 9 / 7 5  Eb.9 

219.0 lOllb171 38.9 
L/D9171 2l.L) 

120.0 10/16,7L 27.8 
4/11/75 Z7.5 

120.0 10/15/7& 28.8 
4111175 2B.b 

70.1 10/10,1,. 29.1 
4109,75 22.7 

61.5 10116,711 1b.6 
4/09/75 11.1 

219.0 i w l w i c  NH-I 

120.0 12,10,7* 3.1 
4/09,75 2.8 

22.0 12/1017L 6.P 
*,1,,75 6.7 

32.0 10/1*/7C 11.7 

3b.6 1P/11,7c 11.5 
4/11/79 15.4 

30.0 10/14/71 7.0 
3/31/75 6.0 
9/29/75 6.e 

40.0 10111171, 13.0 

37.5 10/3*,71 11.5 
IZI30,71 11.5 
311117% 10.5 
9/29/75 12.5 

2 0 . 0  lO/lO,,L I . ,  
1/09,75 1.3 

T-10 
1-10.8 
T-lO.BL 

5111 
55.9 

38.5 5111 
38.6 

7.0 5111 
10.0 

6.0 

3.6 5111 
6.6 
1 .(I 

8.0 5111 
2.0 

22.5 5111 
25.5 
ZI.5 

9.0 5111 
10.0 

7.0 

2b2.1 5111 
263.5 

5111 
192." 

5111 
192.1 

1BO.L 5117 
192.0 

92.2 5111 
92.5 

91.2 5111 
91.4 

48.7 5111 
55.L 

46.9 5111 
50.b 

T-1o.oz 

116.9 5111 
117.2 

15.8 5117 
17.3 

20.3 5117 

17.1 5117 
14.2 

23.0 5117 
26.0 
24.0 

27.0 5117 

26.0 5117 
26.0 
27.0 
25.0 

12.9 5117 
16.7 

65.6 12,1",74 P S . * C I ,  19.4 ?I17 

60.0 12/1017+ ' 5.3 31.9 5117 

4111175 23.3 21.7 

./11,75 1.9 35.1 

3/31/75 20.0 55.0 
75.0 18/1+/7+ Z Z . 0  ' 53.0 5117 

ws.0 i o / i i n *  ~ 6 . 2  w . 8  511r  
1/11/75 93.6 141.11 

4/11/75 32.2 147-8 
180.0 *(1,11/7* 32.8 1L7.2 5117 

120.0 10/11/7S %.I 65.9 5117 
4,108/15 53.5 66.5 

330.0 1(1111171* 16.6 313.4 5117 
11/11/71. 18.0 312.0 
2//05175 11.7111 318.1 
4111175 4.2 325.8 
6 /02 /75  6.7 323.3 
6 /27 /75  15.9 314.1 

30.g l O l l 0 l l l i  8.1 P1.V 5117 
b,07/75 7.1 , 22.9 

4/07/75 11.0 9.0 

410,175 8.0 12.0 

4/07/75 33.1 16.4 

4/07/7.3 27.6, 18.6 

20.0 10/10/7' 11.2 a.8 5117 

20.0 10/10/7* 9.5 10.5 5L17 

54.0 10/10/7* 33.5 16.5 5117 

46.0 i o ~ i o m  31.2 i4.s 5117 

21.0 4/07/75 le.* 2.6 5117 

90.11 10/10/71 70.0 20.0 5117 
y o a m  68.7 21.3 

90.0 " 1 0 / 1 0 / 7 0  109.0 -19.0 5117 
W O W 7 5  1P1I.Z -14.2 

22.5 ' 3/31/75 163.0 -1410.5 5117 

50.0 10,10/7* 40.5 9.5 9117 
4 1 a 7 m  18.7 11.3 

6.0 . i o m i n n  BJ -2.7 5117 
1802175 7.3 -1.3 

54.5 10101/74 13.8 30.7 5117 :  
*,PE,75 13:2 31.3 

4/07/75 61.9 38.1 

4,07175 3.5 96;s 

4m7,7f 4.5 '  20.5 

100.0 10110/1*  63.7 3S.3 5117 

100.0' 10,10/7'. 5-6 9'1.L 5117 

25.0 lO/lO/7L 34.3111 -9.3 5117 

21.2- 10110174- 5(1.5(11 '29.3 5117 
6/07/75 2.1 19.1 

100.0 10,11,7' 91.1 8.3 Ill, 

100.0 lOIIlI7II 79.0 21-0 5117 

1ZC.D 111111174 98.3 21.7 5117 

6/08/75 90.6 9.6 

.,ow75 43.6 26.L 

80.0 10111171 66.2 13.8 5117 
4/08/75 63.8 16.2 

. /ow75 67.3 13.7 

4/08/15 49.6 30.L 

4/07/75 8.1 15.9 

81.0 1W11171 60.7 . 12.3 ,5117 

80.0 10111176 k7.7 32.1 5111 

2I4.0 10110/74 153.9(11 -129.9 5117 

30.0 101101711 11.L 18.6 5117 

100.0 I010117& 105.0 -5.* 5117 

W Q 7 / 7 5  8.L 21.6 

4/03/75 98;O 2.0 

W02175 99.1 .20.9 

*,o*n5 66.8 59.2 

120.1) lI110117'. 101.2 la-8 5117 

120.0 I D , l I r r L  62-7 51.3 5117 

60.0 10/11/7A -2.5 (12.5 5117 
4/08/75 -3.6 53.a 

12Z.O IO/Ol/71 133.0 -11.0 5117 
wo2,15 135.0 -,3.0 

4/08/75 118.0 -15.5 
111G.5 1011W74 114.5. -10.0 5117 

IZO.0 3/w/75 120.0 0.0 5117 

1111-0 3/25/75 103.4 6.6 5117. 

120.5 10/10/7& 59.5 70.0 5117 

B".O lO/lO/,L 22.6 S7.h 5117 

w m m  s4.7 7k.8 

4/87/75 17.7 62.3 . 
80.0 1011W7L lb.3 63.7 5117 

I /D7 /75 '  13.6 66.k 

W07/75 h2.6 207.L 
250-0 i o m n r  66.6 mi.+. 5117 

n pOg4 73 for key 10 1- a abbbbrevialiina -8% 
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7-10 
1-10.5 
r-10.L13 

128.7 1 0 m m  
5/P*,15 

125.0 10,09,7* 
5106175 

115.0 IP109/1& 
5106175 

125.0 10103/7& 
5/06/75 

165.0 10,0$,74 
5186175 

200.0 1010P/74 
5/06/75 

200.0 5/06/?5 

135.0 10/09!74 
5 /06 /75  

125.0 IO,*Q,lC 
5,06115 

'9.0 5,w/75 

65.0 5/08,75 

62.0 1 / 0 8 / 7 5  

62.0 5/OR/?5 

27.0 5/08/75 

255.0 5/08/75 

358.0 12111/7l 
5/06/75 

210.0 l2/10/74 
5,06175 

260.0 5/06/75 

152.0 5/06/75 

ZLO.0 12,10175 
5/06/75 

2'0.0 12110x79 
5*06,75 

2"O.O 12JlW7L 
5/Oh,75 

ii:z 117.5 6117 
6 ; s  12,:9 

4,P 120.1 SI,, 
346 121.6 

4.1 111.9 51L7 
lis 113.5 

15.1 10Y.1) 5117 

20.2 1 W . O  5117 
17.3 167.7 

39'.011) 161.0 5117 
37.2111 162.8 

I4LI-Z 

'0 .3  199.7 5111 

lr.1 120.9 5117 
12.3 122.7 

15.1 109.9 5117 
.I.'' 111.6 

11.' 33.3 5117 

12.0 33.0 5117 

12.3 29.7 5117 

17.9 2 + r l  5117 

6.8 20.2 5117 

1141.5 li3.5 5117 

%.S 353.5 SI17 
t3.7 354.3 

.8.9 231.1 
13.8 22b.Z 5117 

19.41tl 2f0.6 5117 

21.6 170.1, 5117 

lb .5  223.5 5117 
20.6'  219.6 

f8.0 222.0 5117 
26.9 213.1 

110.5 19V.5 5117 
71.3111 iba,, 

r-10.86 

11.9 312.6 5117 

'20.5 329.5 5117 
19.6 31L.G 

5.9 23c.I 
.IZJ 227.1 5117 

'30.6 kI8.k 5111 
:P6.9 222.1 

ID.0 251.0 5117 

12.6 26Z.I 5L17 
11.6 ~263.* 

12.1 !262.9' 5117 
10.7 2 6 L . 3  

3.8 !296.2 3117 

8 6.0 :211..3 5117 
P.5 (217.5 

0.4 249.6 5117 

6.9 -248.1 5117 

8.0 211.9 5117 
6.4 ,2L2.6 

305.P 

2n.0 

un-1 
23.9 
22.0 

2's 
ZI*.011l 

27.1 
25.11 
21.9 
21.5 
25.3 
13.6111 
41.0111 

?I*-1 
""-1 

,zB1.1 
283.0 

200.5 
281.0 

2S3.9 
ZL6.O 
2*9.1 
269.5 
245.7 
231 .a 
230.0 

5117 

5117 

I 260.0 11106174 25.8 2 U . 2  5117 
5 /03 /75  24.4 235.6 

250.0 2B.6 
23.1 
19.3 
19.3 
19.3 
24.1. 
27.6 

223.'t 5117 
226.9 
230.7. 
810.7 
230.7 
215.8 
222-6 



, I  I 

TABLE C-l 
GROUND WATER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

7-10 
1-10.c 
1-10.c1 

114.0 7/2?175 51.9 119.1 5117 
9/23/75 71.5 102.5 

200.0 1010w71 
11/06174 

1/02/79 
W O W 7 5  
5 / 0 1 / 7 5  
7/29/75 
9 /23 /75  

71.2 125.8 5117 
67..0 133.0 
L I . 0  156.0 
'1.6 159.1 
Y5.1 156.9 
69.8 130.2 
81.7111 118.3 

191.6 iwowrs  70.9 126.7 5117 
11/06/7& 61.5 133.1 
1/02/75 39.8 157.0 
W O W 1 S  ,7'9 1 5 P . I  
5 /03 /75  61.5 156.1 
7 / 2 w 7 5  72.'66111 125.0 
9/21/75 71.5 126.1 

100.0 1010W711 
11/06/75 
1/02/75 
*/0',1S 
5 / 0 3 / 7 5  
7/79/75 
9/23/75. 

7O.G 109.6 5117 
60.3 119.7 
35.9 1LI.1 
38.7 L*1.3 
38.6 l*l.C 
75.0,1, 105.0 
82.5111 97.5 

139.0 10108/74-  17.7 121.3 5117 
11/06/74 16-3 124.7 

110?175 1e.3 126.1 
W O W 7 5  21.1 117.9 
5/05/75 21.3 IIL.7 
7/29/75 36.0 103.0 
9/23/75 36.0 103.0 

1011.0 10/08/7L 20.1 
11/06/7+ 17.0 
1/02/75 15.8 
L,04*75 MU-1 
5/05/75 25.9 
7/2W15 NW-I 
9/23/75 35.9 

79.9 5111 
03.0 
84.2 

74.1 

61.1 

105.0 10108*7* MY-1 5111 
11,06174 w . 0  156.0 
1/02/75 26.4 158.1 
4/04/75 Nu-I 
5/01/75 78.0 157.0 
7/29/75 58.011, 121.0 
9/23/75 3D.0 155.0 

1110h174 1k.2 Ik7.0 
1,01175 15.2 146.0' 
1/0*175 MY-1 
5/03/75 15.2 1'6.0 
712W75 25.5 135.? 
'1,23175 17.8 143.4 

161.2 1010R,74 13.9 167.3 5111 

I*O.O 10108/7*  70.0 120.0 511; 
11/06/7I 19.5 120.5 
1/02/15 19.1 1ZD.P 
4/01/75 25.7111 115.3 

7 /29 /75  23.5 116.5 
9/23/75 47.1111 92.7 

5 m m  21.1 iia.? 

86.2 

70.9 S l l i  
71.3 
82.1 
I 2 . b .  
71.1 
64.1 
64.1 

58.3 5117 
59.3 
5 G . 5  

59.5 

39.L 

82.0 1110W7' 39.6 *2.* 511; 
5/05*75 ,,.,,,I 8.3 

5/05/75 85.0 5.0 
90.0 11IO7ITL 25.5 .6*.5 5117 

9/24/75 

30.0 10109174 
11/07/'14 
1,02175 
L,04,75 
9/29/15 

30.0 10/01/7& 
11/07/74 
3,02075 
4/oc,,5 
5 IO 5 / I5 
7/29/75 
9/76/75 

.I"-1 . 
"-1 

66.1111 
68.311) 
68.1 . 
70.1 
69.1 

43.0 
12.3 
41.0 
41.6 
L2.I 

b5.0 

W.5 
15.0 
'12.2 
64.1 
43.5 
k6.0 
65.9 

10.3 
65.1 
64.7 
65.1 
66.0 
68.5 
69.6 

67.5 
69.6 

76.1 
75.1 
13.4 
71.1 
75.3 
79.1 
79.0 

61.4 
61.5 
53.2 
62.6 
6Q.S 
61.6 

b5.l 
.6.4 
+1.6 
C2.9 
43.7 
45.3 
46.1 

71.6 
71.0 
69.0 
83.8Lll 
BP.91'1 

73.2 

11.8 

12.6 

8.4 

33.5 
33.2 

15.7 
15.3 

11.1 

14.5 
14-1 
13.2 
I,.* 
14.P 
15.6 
16.0 

20.b 
23.7111 

32.0 
31.5 
30.1 
10.9 

W - 1  

n . s  

""-2 
LIY-2 

T-lD 
T-1D.C 
,-,o.c 

tb.0 
Ll.* 

10.7. 

7.5 
3.x 
3.5 
1 -5 
2.5 

11.1) 
11.1 
13.0 
12.4 
11.7 

9.0 

6.0 
5.5 
8.3 
6.' 
7.0 
L.5 
4.6 

9.7 
lI.3 
15.3 
14.9 
1b.O 
11.5 
1l.L 

15.1 
13.2 

12.9 
13.9. 
15.6 
14.9 
*3.7 
9.9 
10.0 

9.6 
9.5 

17.8 
8.6 
6.5 
6.6 

16.1 
14.8 
19.6 
18.3 
17.5 
15.9 
15.1 

'T.* 
8.0 
10.0 
-4.2 
-3.v 
5.4 
5.8 

8.2 

17.4 

21.6 

8.5 
8.n 

l'r.3 
16.7 

12.9 

15.5 
15.g 
16.8 
1h.L 
15.8 
14.b 
14.0 

B.6 
5.P 

9.0 
9.5 

ID.* 
10.1 
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' TABLE C-l 
GROUND WATER L 

O R W H O  

6 2 SURF= 
ELM~oN 

WA7L WELL 

~ < ~ IN FEET 
UmE 

31.* 20.9 51'b 
2T.6 24.7 
25.4 26.') . -* 
6v.0111 -16.7 
31.1 15.2 . -  

3S.z 1b4.3 511 

69.2 100.8 511, 

Z 9 . l t l l  140.9 5 1 6  

15.8 24.2 5117 
30.9<1> 9.1 
24.6 IS.,&' 

13.1 ar.9 511, 

25.3 12.1 
26.6 l l . 5  ;i 

7.9 27.1. 5111 
15.0 20.0 

6.7 23.3 5117 
10.7 19.3 
15.0 15.0 

9.0 12.e 5117 

41.0 5/01/75 31.5 i '1.5 511 
7/29/15 33.2 I 7.8 
9/25/75 33.8 7.2 

30.0 10,09/74 15.8 1'.2 511 
11107/74 15.7 M.3 

1/02/75 14.3 15.7 
4 x 0 ~ 7 5  15.2 14.8 
5/05/75 16.1 I 13.9 
7/29/75 ' 16.9 13.1 
9/26/75 ~ 7 . 0  19.0 

I 
15.0' lU01,7L 8.5 , 6.5 ,511 

5/05/79 9.5 , 5.5 
9/25/75 . 10.1 ..9 

28.3 il/ORI7II. 20.G ; 7.9 511 
5/09/75 21.1 7.2 
9/26/75 . 21.6 6.7 

. . - .. . . . .. . 
9,91175 m . 7  ' 5.R 

51.0 1 1 I O R I T ~  56.5 - 6.5 511' 
5 /05 /15  63.1Cll -1 r . l  
9/25/75 65.5111 -16.5 

8.5 10,04/74 8.2 0.1 511: 
i imrm i.li 7.1 
5106175 . 1.* . 7.1 
9/?9,75 "C9 , 

12.0 . ll,OR17* 2.9 9.1 5111 
5/06/19 2.8 9.2 
9129/75 3.6 I 8.6 

5/06/75 111.2 ; 9.7 
9/29/75 11.5 8.4 

5,0h/75 7.2 11.8 
9/29/75 R.5 I 10.5 

19.9 11/08/7+ ' 10.5 9.k 511; 

19.0 umm 7.5 I 11.5 511, 

70.0 11/08/74 56.0 lk.0 5117 
5 / 0 6 / 1 5  56.5 13.5 
9/29/75 58.7 , 11.3 

5/06/75 39.7111 0.3 
9/26/15 IW-1 

60.0 11,0817L 56.7 ' 5.3 5117 

81.1 l l l l R l l 4  71.8 ' 9.6 5117 
12 l lZ l76  .71.1 l n . 3  
2107175 69.1 12.3 
4/07/75 70.5 10.9 
7 /02 /15  76.0 5.4 
9/06/79 74.1 , 7.3 

39.9 10/03/7*- '26.8 ' 13.1 5117 
111(17/74 21.4 15.5 

1/02/75 21.7 ' , 18.2 
WO'175 2L.9 15.0 
5/05/75 '0.1 -0.2 
1/29/75 .P.9 5.0 
9/26/75 .L(1.511> -6.6 

20.0 l l /OW74 12.7 j 7.3 5111 
5/06175 .1P.9 7.1 
9/2h1/75 1*.3111 5.7 

20.0 11IOR/76 6.0 le.0 5117 
5/06/79 l l . 0  9.0 
9/26/15 ' 1 5 . 0  s.0 

53.2 11/0617+ F . 2  '26.0 5117 
5,05,7s 26.2 21.0 
9/3"175 :33.. -19.8 

170.0 1O/W/74 
5/01/75 

180.0 5/09/75 

170.0 5/a9,79 

17b..o 5/09/75 

40.0 11/07/74 
s1115,75 
9,30175 

66.1 
65.1 
46.5 
G5.0 
$5.8 
4 7 2  

118.2111 

11.9 SI17 
12.7 
13.5 
13.0 
lZ .2 
10.8 

-60.2 



r 
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TABLE' C-l  
GROUND WATER -. LEVELS.+AT WELLS 

SOUTHERN CALIFORNIA 

T-10 
I-1O.C 
T-1O.CP 

325.0 5/01/75 16.1 308.9 5117 

370.0 11/08,7* 156.7 213.3 ,5117 
'103,75 NH-O 5000 

295.: 11/08/74 275.2 19.8 5117 
5/01/75 275.0 26.0 

350.0 6/83/75 . 273.8 76.2 5000 

305.0 11/12/71 205.8 b0.2 5117 
4/03/75 277.6 97.6 5000 

316.0 l l IDW76 211.0 105.0 5111 
6 /03 /75  21J.I 102.6 5000 

380.0 11/11/7* 331.8 h8.2 5117 

390.0 11/18/74 337.1 52.9 5117 

5/08/75 332.3 C7.7 

s/onns 365.0111 z5.0 

399.5 11/20/7* 97.8 3B1.7 5117 
5/08,75 97.9 302.0 

5 m w 7 5  232.0 167.5, 

5/09/75 238.*,11 160.6 

5,01/75 203.0 b5.0 

5 / 0 1 / 1 5  219.7 100.3 

5 / 0 8 / 7 5  206.6 123.1 

399.5 11/211/74 228.8 170.7 5117 

399.0 11120/74 229.5 169.5 5117 

218.0 11,22174 203.z ' 6 . 8  5,ll 

320.0 13/21d7& 222.6 97.1 5117 

330-0 11/00/74 208.5 121.5 5117 

139.0 2 /26 /75  114.1 2G.P 5117 

210.0 ll,Ob,lL 113.1) 96.0 5117 

108.0 I110617C 103.3 1.7 5117 

99.5 2 /26 /75  79.5 20.0 5117 

1,30175 109.2 94.8 

W111175 102.3 5.7 

9130t75 88.5 11.0 

180.0 5/12/75 76.8 25.2 5117 

100.0 11/27,74 83.2 16.8 5111 
1130175 nZ.9 17.1 
w 3 0 1 7 5  86.8 J3.2 

95.0 11107/1'1 75.0111 20.0 5111 
100.0 6/03/15 82.111) 17.9 5000 
95.0 9/30175 95.511) -015 5117 

IOO.0 2126*75 85.6 , ' .*5,,7 

200.0 11/07/71 2G5.5 165.5 5117 

6130175 RB.9 11.1 

5/01/75 212.2 -12.2 

190.0 i v o r m  i3i . i  55.9 5117 
4 m m  127.9. 62.1 SODO 
5 /01 /11  133.1 56.9 5117 

lB2.O 11/07/74 1+5.5 38.5 5111 
4 /01 /75  l37.b W.6 5000 

170.0 11/07/1* lZ0.7 $9.3 5117 
165.0 4/08/15 1111-6 5000 

319.5 11/08/14 206.5 25.0 5117 

Z'i7.0 11/07/74 178.6rll 98.4 5L27 
4/03/75 176.7 100.3 5000 
5/01/75 179.3111 97.7 5117 

385.0 lllORl74 336.9 w . 5  5117 
110,175 336.2 '8.8 5000 
5me.,75 336.9 CB.1 5117 

267.0 lllORl74 221.6 L5.G SI11 
4/03/75 Z l l . L , , ,  22.6 5000 
5/01/75 NH-1 5117 

352.0 L l l O W 7 1  2h0.0  78.0 5117 
G,0,,75 276.1 71.9 5008 
5/Dl/T5 ZR0.l 7L.9 5117 

362.0 11/011/74 366.3 15.7 51,' 

360.0 11,2D,,L 326.6 33.6 5117 

3'5.0 1110nnL 2R3.5 61.5 5117 

5/01/75 350.1 11.6 

5,01,75 326.1 33.6 

B page 79 for hey to terns a obbrevhtiona 

345.0 4/03/75 201.3 63.7 500t 
9/01/75 289.aIIl 56.0 5111 

WIlX675 231.6 67.4 5OOt 
5/01175 213.1 61.9 5111 

305.0 f l / l Z / l L  2lb.3 58.7 5117 
4/01/75 238.0 67.0 SOOl 
5/01/75 246.0, 59.0 5111 

193.0 11/07/74 191.7 1.3 511; 
5/01/75 182.1 10.9 

89.0 S/30/75 NY-l 511; 

218.0 11/12/74 NW-7 511; 

2,520. 1110817i 2**.2 311.8 511: 

305.0 i r m m  . Z ~ Z . Z  42.n 5117 

9 /30 /75  67.oIl! 22.0 

5/01/75 N H - 1  

321.0 11/08/7& 190.5 . 130.5 511: 
M O W 1 5  186.6 136.' 500, 
5/01/75 190.2111 130.8 511: 

235.0 11/06/14 201.1 
4130175 .191r6 

200.0 5/12/79 155.6 

L53.0 5/17/75 17C.O 

215.0 5/12/75 ,169.1 

258.5 5/09/75 135.1 

304.5 5/09/75. 278.6 

339.0 5 ,09 /75 .  211.3 

19t.O 11/19,7C 190.8 
5,08/7+ 191.7 

33.7 5Lli 
40.6 

4L.C 511; 

-21.0 511: 

75.9 I l l 1  

123.L 511' 

25.9 ,511; 

127.1 511; 

199.2 511- 
L98.3 
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2017.9 

20ZP.D 

2020.0 

2020.0 

2020.0 

19BL.O 

EOO0.O 

1970.0 

19b3.0 

199*.0 

ZZOO.0 

1955.0 

2046.0 

PO3b.O 

2150.0 

Z Z I R . 0  

! 

! 
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M-L 

199.5 

213.7 

206.1 

Nw-1 

186.7. 

77.3 

91.8: 

WI-1 
169.6 

19'+.9 

255.0 +/02/79 122.0 

270.0 4/02n5 109.9 

892.0 6/02/75 69.8 

292.0 * / O W 7 4  72.6 

~OO.F,  4/02/75 67.6 

273;O. 1010117L 99.5 
1120175 102.0 
4/01/75 105.5 
7/01/75 108;7 

299.D 10/29/74' 106.3 

1z/24).7c 105.4 
l l 2 7 f 7 5  106.3. 
2/24/73 107.7 
W2blTS 119.2 
4/24/75 111.2 
3/27/75 llb.5 
6 / 2 6 / 7 5  124.8 
w 2 e p  135.1 
8/27/75 139.0 
9/2*/75 140.3 

I L ~ Z T / ~ L  105.1 

388.B 3/11f7S 91." 

319.0 311'1179 Nn-1 

318.0 I0101174 58.0 
3/1'/75 66.7 

335.0 * / 0 3 n 5  93.h 

352.0 XIWV7S Bl.2 

316.0 3/14/75 139.0 

315.0 3/1217S 170.7 

320.0 l O / O Y l L  NH-9 
m o m  197.0 
3/12/75 194.3 
4101175 200.Q 
7/01/7< 212.0 

r-i5.a 
SOW 

331.5 sa,, 

689.3 3% 

63.9 50,. 

5001 

I1.3 5% 

5+.3 590. 

69-2 5Pii 

50@, 
72.5 .- 

s0.i 500, 

133.0 500s 

160.5 5001 

222.2 580, 

219.4 5 0 0 ~  

232.6 51101 

173.5 5001 
171.e . 
167.5 
164.3 

153.1 500. 
152.5 
157.5 .* 
124.5 

1311.1 5OOa 

198.0 5100 

187.7 5008 
1m.9 
I@.& 
187.7 
186.3 . , 
18*.9 
t82.8 

169.2 
15a.9 
195.0 - 
153.7 

Z1b.e 5000 

irr.5 '. 

5aoo 

279.2 5000 
2711.3 

241.4 5000 

27D.B 5000 

Z55.7 5000 
257.3 
257.6 
219.5 
252.7 
251.5 
246.7 
244.0 
211.5 

1 n . o  s m  
I U . 3  5000 

510* 
123.0 5000 
125.7 
119.1 
t m . 0  

103.7 5604 
101.6 50110 
98.4 
87.7 

142.5 5501 
115.+ 5000 
1lB.B ' 
113.6 
112.0 

ls9.S 5000 

289.2 soon 
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TABLE C-4 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

OHWNQ 
OURFACE 5 E HIRSACE O W E  TO WATER 

~ " R W I C E  E 3 in FEET 

CiOUND yLTfuI 

ELEy*pIoH ELLV. IN0 
IH FEET DA7A 

1-12 
r-12.b 

53.6 500a 
G5.9 
52.2 
k9.8 

56.4 5000 

35.2 5000 

46.8. 5000 
39.9 
38.8 
42.3 
50.* 
51.6 
39.1 
63.9 

35.'. 

65.5 5000 

51.r 5000 
53.8 
59.1 
51.2 
48.9 

57.9 5000 

25.P 5117 
12.6 5000 
26.0 51L7 
23.8 

5111 

5111 

5117 

5117 

3.6 5117 
3.2 

27.4 5000 

110.5 5117 
111.6 

372.5 5117 
375.0 

3'4.3 5117 
352.6 

307.8 5117 
322.6 

320.3 1117 
125.3 

.3@2.2 5117 

211.1 5117 
POI.* 5 0 0 0  

174.4 5117 
166.2 5000 

12S.S 5111 

' 307.5 

230.0 10,0,,7+ 121.9 
1,20175 122.4 
4/01/15 120.9 
7/01/75 1P3.2 

108.1 5000 
101.6 
109.1 
106.8 

189.0 10,01,7* NY-9 

241.0 0102175 NY-& 

2*5.0 3/21/75 131.6 

269.0 3/20/75 1IE.P 

253.0 L,07,,5 ,3*.6 

260.0 3120/75. 115.3 

125.0. 6,02175 59.5 

145.0 LOAlSf7L 93.6 
1120175 91:2 
2llPf75 85.9 
*,01/7p 93.8 
7/01/75 9b.1 

76.8 SODD 

76.7 
73.9 
m.1 

j 69.9 
78.5 
77.3 
69.6 
60.5 
68.1 
70.2 

n.3 

139.2 11,12174 113.3111 
139.1 1/03/75 126.5 
139.2 L130175 ' 113.2 

7/07/75 115.' 

10.0 5,0,/75 7,07,15 FLOX FLOY 

10.0 5/01/75. FLOW 
7/07/7? FLOV 

10.0 5/01/75 FLOY 
'7/01/75 FLOY 

10.0 5,01175 FLOY 
7,07175 FLOW 

ID.0 5/01/7S 6.6 
7 m 7 n . i  6.6 

21." 4 /02 /75  O r 6  

425.0 22/09/71 14.5 
4/29/75 13.6 

37S.O 12/0P/74 2.5 
4129n5 0.0 

315.0 12/09/7r1 26.7 
4/29,75 82.6 

370.0 IZID9/7r 62.2 
**29175 47.4 

310.0 12//09/7* 19.7 
*/29/75 14.7 

375.0 12/Ok/71 72.8 
4/29/75 67.5 

300.0 11/08/14 88.9 
4103/'15 95.6 

2'15.D 11188174 120.1 
L103175 128.8 

303.5 11130174' 175.0 

66.7 5000 

65.9 5000 
67.9 
66.6 
65.9 

87.0 5000 
B9.O 
65.8 
83.9 
18.6 

97.8 5000 
100.7 
95.8 
87.9 

87.6 5 w c  

101.3 5409 
9h.O 5000 
93.0 
90.0 

63.2 5000 

50.8 5000 

49.8 5000 

5(100 

61.5 5117 
62.2 5000 
62-6 5117 
61.6 

61.2 5117 
61.9 5000 
62.1 5117 
b l . *  

'5.1 5117 
66.9 5.000 
'P.5 5117 
39.1 

33.4 5000 
40.2 
'2.1 
19.4 
31.5 

5000 

180.0 3/19/75 115.3 

217.0 10101/7* 151.1 
1120115 1'9.1 
WO1,75 150.A 
7A31175 151.1 

2I2.P 10,01,7'1 155.0 
1/211175 153.0 
3,,7,75 176.2 

7/01/75 163.4 
4/01115 15n.1 

265.0 ? O I O l / 7 L  143.7 
25'.0 1,20175 , m . o  

*101,75 161.0 
7101175 165.0 

260.0 4102/75 196.8 

182.0 3/0',,5 222.2 

175.9 3,01175 129.2 

261.0 312W75 HH-1 

255." lll0Blll 66.5 1w.5 5117 
4,03175 86.bll) 168.4 5000 

287.0 lllOW7L T20.P 158.1 5117 
4 / 0 3 / 7 5  135.9 151.1 5000 

161.0 11/12/71 92.2' 71.8 5117 
6/01/75 101.1 62.6 5000 

145.b Ll/L2,ln I D r . 7  '-0.3 5111 
4 m n 5  96.1 48.9 5000 

168.0 10,01,,' 95.5 52.5 5000 
1/20IT5 92.9 55.1 
'1,01175 92.1 55.9 
?/aim 9 5 3  52.2 

88.0 4,02175 "-1 

87.0 L d O Z I 7 5  13.11PI 73.9 SO00 

87.0 ,0,0",,41 "Y-" 5 0 0 0  
2,25/75 3U.O 53.0 

122.0 3 m 3 m  72.0 50.0 = m a  
138.0 18/01/74 '9.9 38.6 5000 

2L.O 11,12,7' 10.5 13.5 5111 
4103/7'.' 6.6 17.* 5000 

37." 1,,,2,,4 16.0 21.0 5117 
4/03/75 9.7 27.3 5000 



37.0 4/03175 5.6 . 31.3 5000 
09N?37U-32K01 5 42 725.0 WOW75 22.1 702.7 500 

80.0 

7r.o 

60.0 

80.0 

91.0 
90-0 

123.0 

85.11 

25.0 

25.0 

25.; 

25.0 

30.0 

30 .0  

30.0 

30.0 

30.0 

W 0 . B  

10/01/7L 42.0 15;o 4001 
1/20/75 38-7 38.3 
*101 /75  39.3 ' 37.7 
7/01/75 40.8 36.2 

1010117* 51.0 40.0 5*01 
11/12/76 5L.l 35.9 5111 

1120175 57.9 32.1 5oo(  
3/25/75 50.3 39.7 
'101175 59.1 30.6 
7/01/75 59.4 31.6 

10/01/74 78.2 e 44.s S l o r  
l/20/75 72.1 1 50.7 500c 

1/01/75 75.5 ' 47.5 
7/01/75 79.6 +3.$ 

3 m m  6 8 . 9 ~  51.1 

4 /01 /75  t0.9 
7/07,75 21.2' 

7/01/75 , 21.6 

6/01/75 20.8 

w o i m  21.0 

7/07/75 21.9 

5/01/75 16.4 
7,@7,75 2I.I 

110,175 **.(I 
7/07,75 21.6 

5/01/75 F L W  
7 m n 5  FLOW 

5/01,75 ,.o 
7107/75 4.2 

5/01/75 1.2 
7/07,75 4.6 

5101,75 0.8 
7,07/19 ,.I 

5/01/15 6.6 
r m m  6.5 

* ,a175  :bL.7 

:B0.1 

W-1 

129.0 

,e3.5 
'81.5 
. R S . D  
,R6.3 

:57.9 

HH-1 

:29.7 

:*1.9 

411.8 

358.0 

N.+* 

, 1 1 4  

4.1 5117 

6.0 5117 
3.6 

4.2 5111 

I 3.8 

I 3.1 

8.6 5117 
3.9 

9.0 5117 
3.6 

5117 

29.0 511) 
, 25.8 

' 2 8 . 8  5117 

$29.2 5117 
25.9 

23.6 5117 
23.5 

25.6 

375.3 5117 

1-1Z.R 

346.9 5000 

m o o  
361.0 5eoo 

338.5 5000 
337.5 
331.0 
315.7 

363.1 5 0 0 0  

i 50011 

438.3 TODO 

bO5.1 %BO 

396.2 5000 

370.0 5000 

50011 

+83.9 5000 

3050.0 10/29/71 126.0 P9Z+.a  500, 
11/25/1*  126.1 2923.9 
12,2617~ 12*., 2 9 n . 7  
1/27/75 126.3 252,.7 
2/21/7- 126.5 2923.5 
3/26/75 1F5.6 2926.6 
4/15/71 116.' 2913.6 512 
5/21/75 126.5 2923.5 50111 
6/26/71 1211.112I Z925.S 
7/28/75 128.7 2921-3 
8?26,15 130.1 2919.9 
9/25/75 131.6 291B.h 

2b79.n 356.0 
345.9 
3b6.0 
3 7 . 5  
357.2 
3L8.8 
I C 9 . C  
350.2 
352.0 
352.2 
3%. f 
351.6 

5000 

1978." 72.1 
67.6 
60.L 
70.1l21 
70.812) 
73.4121 
7I.Ll2l 
72.',2, 
73.6121 
7C.31Pl 
7l.riCPl 
15.412) 

5000 



r-13 

*I01175 26.6 536.6 511 

FQW 79 for hey to terms 8 o b k v i o t i o a  
-93- 



. ,  
.:: : TABLE C - i  ".. . 
. ., GROUND WATER LEVELS AT WELLS .. . 

' SOUTHERN CALIFORNIA 

s u n n  INEZ H Y ~ O  w i ~  . 7-1" 
I.o*noc t110.70 51,e.UNlT T-l+.dl 

500 97.0 10122174 NY-6 L 

11/21/7* . Nu-6 
100.0 &/04/75' NU-6 , 500 

97.5 IZ/OZ#76 
l/P",75 
2125/79 
3 /25 /75  
*,z1,75 
5/27/75 
6/27/75 
1/26/75 
8/27/75 
9,24175 

52.8 
52.0 ' 
51.3 , 
50.4 
50.1 
-9.9 , 
'9.7 
50.1 
49.9 
49.6 . 

11.7 500 
15.5 
46.2 
Ll.1 
47.1 
47.6 
17.1 
47.4 
' 7 .6  
47-9 

385.8 

2b8.0 

180.0 

180.0 

300.0 

6ll.O 

75.0 

70.0 

81.3 

89.9 

1 0 A 0 1 7 4 .  316.7 
11127/7* 317.2 
*2 /23 /T*  317.3 

1/29/75 317.1 
2127/71 318.0 
4/02/75 317.s 
5,79175 317.3 
7/01/75 117.1 
8,29/79 317.7 

69.1 500, 
08.6 
68.5 
68.+ 
6?.8 
68.L 
68.5 
68.L 
6R. l  

10/3017* 35.0 ' 46.3 5 w (  
l l lP7/7L 35.2 ~ 6 . 1  
12/23/74 32.1 48.6 

1/29/75 311.1 67.2 
W2fi175 31.L x9;9 
3/27/75 76.6 11.7 
W 3 0 1 7 5  26.9 . 5L.L 
5/29/75 W - 1  , 
7/1)1/75 28.9 52.b 
a m m  , 30.6 50.7 

10121174 
11/29/74 
12,330174 

1/29/75 
2/26/75 
4 I z 0 I 7  5 
5,22175 
6/PT,75 
7,PL115 
8/27/75 
9,21179 

NM-1 
'1.5 
'0.8 

"-1 
39.n 
38.6 

3 9 ~ 4  
39.8 
b0.l 
60.3 

NU-, 

5001 
b8.* 
b9.1 

50.1 
5000 

, 91.3 
SO", 

50.5 
50.1 
"9.8 
19.6 

150.0 

100.0 

150.0 

39.9 ,110.1 900, 
39.6 ,110.4 
38.5 l i l . 5  

36.6 . 6 l . L  
35.3 6C.7 
W . 8  65.2 
35.7#11 ' IlL.3 -5001 
3b.4 '113.6 
16.5 111.9 
31.3 117.7 
37.5 112.5 

NU-1 5 0 0 0  

4G.3,81 . 59.1 SO01 
43.6181 , 5Q.R 
L 3 . , ( R I  60.1 
65.1 '58.3 5uoo 
"2.4 60.5 
'4.5 5 5R.9 

66.919, 58.5 
4 ' . T I R ,  58.7 
Cr.2IR1 59.2 
'*.018, 54.1 

W-1 5001 

112.0 10123171 52.3 54.1 5 ~ 1  
11/29/IL '52.1 59.5 
1213017L 51.3 60.7 

07N/lLY-PIFOl 12 

109.6 

112,s 

130.1 

127.0 

127.3 

127.0 

136.0 

119.R 

lLS.7 

1IP.R 

IO*." 

105.0 

1 0 G . D  

1OB.6 

109.9 

109.8 

10Q.9 

11e.s 

91 .R 

91.7 

5T.8 
50.8 

5a.s 
53.0 
59.21ZI 
5%.5 
52.5 

69.5 

78., 
68.8 
61.1) 
67.5 
67.4 
s9.5,21 
69.5 
70.3 
7*17<2J 
74.4181 
75.1121 

77.9 
77.1 
76.6 
76.1 
75.8 
7s.9 
79;1<2l 
19.6<21 
82.BTZI 
BO.* 
80.1 

57.0 

56.6 
56.0 
54.3 
54.3 
55.1 
SSrD 
55.6 
96.8 

36.9 
37.2 
37.8 
37.4 
37.8 
37.5 
37.2 
36.3 
36.8 
36.8 
37.1 
37.3 

15.6 
45.1C21 
L5.1 
45.5 
4L.6 
$3.5 
63.6 
61.1 
*I.* 
44.3121 
.i.b 

5*.618, 
5*.7,B, 
51.618) 
52.3 
S1.7 
50.2 
50.818) 
4 8 . B l 8 ,  

5Z.918)  

55.6 
54.7 
53.8 
53.6 
53.1 
52.2 
51.9 
53." 
53.1 
5L.6121 
55." 
5L.T 

52.n 

no.+ 

sr.6 
lm-9 

1x4-l 
NU-1 

DRY 
H*-7 
)I#-7 

1 R . I  
15.L 

1 ., 

I) 

I 

D 



el.@ 
19.7 
76.1 
71-9 

69.5 5001 
69.2 
BO.9 
00.8 5000 
81.4 
82.2 
82.3 

75.' 5001~ 
6.2 SO00 I 

TAaLE C - i  
GROUND bVATER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

GYOUNO WlER M€!G 
sumcz 

$TAT2 WELL 

~ 

ELEvAmOH . DATE TO WAlER 'z? SURFACE 
IN FLET mm U < IN FEET 

'11.7 
91.8 

91.0 

98.0 . 
91.0 

91.0 

*/24175 
5,22175 
6/28/75 
7/26/75 
8127,75 
9/26,75 

10/23/74 
11,26/71 
L2/3I/7* 
1/29/71 
21P0175 
4,24175 
5/Z2175 
6/28/15 
7/26/75 
8/21/75 
9/21175 

10/2017* 
11,26174 
12/31/74 
1/29/75 
2126175 
3,2L,T5 
4/21/15 
5/P2,75 
6/28/15 
7/26/15. 
8/27,75 
912W75 

13.1 
13.5 
15.6 
16.2 
21.1 
23.2 

36.2 
32.6 
28.8 
21.1 
26.6 
2 C 9  

31.0101 
29.0 
32.6 

57.0 I1 I 
53.7 

48.5 
47.8 
43.3 
*2,7 
52.1141 
51.0 
51.3 
' 0 .6  
52.7 

8"-I 
11"-1 

5 0 4  

78.6 500 
78.3 500 
76.2 
71.6 
70.7 
68.6 

54.8 50d 
58.L 
62.2 
70.9 500 
71.6 
77.1 

500 

bO.0 
62.0 
58.* 

31.0 500 
37.3 
41.0. 
42.5 
43.2 
'7.7 
18.3 
38.9 

39.7 
41.. 
18.3 

38.0 

102.0 1g/22/,4 
I l l 2 0 1 7 1  
12129,,' 

1/28/75 
2114/75 
3115/75 
l /23/75 
5/22/77 
6 /16 /75  

8/26/75 
9/23/75 

7 n 5 m  

57.n5, 
56.715) 
51.7,51 
51.7 
50.7 
50.7 
60.7 
45.7r5, 
47.7i5l 
68.7151 
51.7151 
51.7C51 

$6.3 
55.3 
W . 3  
50.3 
51.3 
51.3 
61.3 
56.3 
5*.1' 
53.3 
50.3 
50.3 

1oi.n 10/2217L 
11/29/7' 
12130171, 
I,Z8/75 
2,19115 
3,25/75 
4/24/75 
5122179 
6/26/75 
7/25/75 
8126115 
9/23/75 

s~.wrst 
57.0151 
56.0151 
55.0 
55.0 

53.015) 
53.0151 
53.0151 
53.0151 
53.0L51 

N11-9 
NH-9 

107.0 I0/23/74 49.5 57.5 5 ~ 0 1  
11/29/74 '9.7 57., 
12/30/7rr b9.8 57.8 

2/25/75 69.8 . 56.R 
3/25/75 69.2 n.~ .  
6/22/15 49.1 57.5 

. 6 ,2705  I8.2 58.8 
7/26/75 hb.2 58.8 

9/26/75 48.0 59.0 

LOb.6 1/28/75 50.0 56.6 5000 

107.0 5/22/75 48.5 58.5 5001  

8/27/75 I n . 0  59.~1 

96.8 10123174 48.2,8,  48.6 500: 

96.7 1129t75 NU-1 5001 

11/29/74 -L7.3(81 49.5 
12/1017'. 41.518) 52.3 

2/26/75 1*.3 52.b 
3/75/75 I IB .2  98.5 
L110175 39.6 57.3 

W27175 Nr-1 
7/26/75 4.3.0181 53.8 
8,27,75 ti*-, 
9124175 46.1181 52.7 

96.8 5/22/73 NY-1 5001 
119.5 52.1IZI 

54.0121 
46.3 

u*-1 
1111-1 
"38.5 
NM-> . 
39.8 
G.1 
47.6 

67.L 
65.5 
73.z 

5000 

97.0 

98.5 

97.0 

63.6 
42.6 
45.6 
49.1 
52.1 
51.1 
5A.1 
52.6 
50.6 
48.6 
67.6 
66.6 

5001 

50oc 

5"Ol 
101.0 10,23/7* 31.5 

11/26/74 31.8 
11/30/7r 20.1 

1/28/75 2a.2 
212V75 19.6 
3/23/75 ' 18.8 

' 6/11/75 18.7 
5/2P/?S IIH-l) 
6/27/75 IIH-7 
7/26/79 ""-7 
8/27/75 25.6 
9/29*?j HH-7 

92.0 1012l,,l 
11,211171 
1 2 , 3 0 1 1 ~  

1,211175 
2/17/75 
3,25/75 
",2,/75 
5 / 2 2 / 7 5  
6/27/75 
7/22/75 
B,21175 
9 I 2  3 I 7  9 

47.ac5, 
'7.215) 
n5.2151 
44.2 
11.2 
36.9 
'0.2 
,8.Z<51 
*7.2<5) 
44.215) 
47.215) 
,.8.2,5> 

114.8 
44.8 
46.8 
47.8 
50.8 
55.8 
51.8 
53.11 
*L.B 
*,.e 
*,.a 
43.8 

9.7 10130176 2.2 
11/27/71 3.0 
l2/23/7c 3.3 
1/29/75 1.6 
2/26175 !+.E 
3/27/75 3.9 
*/30/75 4.5 
5/24/15 4.6 
7 1 0 1 0 5  1.3 
8127175 1.7 
9130,75 3., 

7.5 5000 
6.7 
6.6 , 
7 4  
5.5 

5.2 
5.L 
5.L 
6.0 
6.0 

5.9 

3.5 50110 

2.7 5000 

10.5 5000 

67.7 

65.0 

70.0 

77.0 

58.7 

59.0 

6h.7 

6b.6 

64.0 

70.0 

27.1 

30.3 

NY-6 

33.6 

19.5 

18.7121 

28.9 

I8 .B  

NY-a 

D'Y 

18.8 5 0 0 &  

5000 

21-3  5000 

19.0 IO00 

21.0 5000 

,5000 

22.3 5000 

32.9 5000 

26.5 5000 



TABE C-l 

GROUND ~JATER- LEVELS AT WELLS 

I-1, 
i T-l4.A 

9.2 37.7 500 

22.964) 12.1 500 

I7 5 , 21.3 SOD 

10.9 29.9 
11.2 Z9.6 
9.8 31.0 
v.7 J1.I 

17.3 23.5 
18.3 82.5 
25.5 15.3 
22.3 ls.5 
15.0 25.8 
20.2 20.6 

13:r 2.I.I 

256.0 27.6 4,14175 

27.0 *,lL,75 

260.0 W14,75 

120.0 1i,27,7+ 

130.0 Wlr/15 

177.9 ' l l L 1 7 5  

177.0 .,14/75 

220.0 4,14175 

7.9 19.7 500 

5.0 22.0 5D0 

225.2 3L.B 5008 

WY-B 5081 

97.4 32.6 500, 

129.6 , 67.4 5001 

134.1 42.9 5001 

137.7iw 82.3 SDOI 

249;. T0/22/74 U.II 236.6 5001 

219.3 1/28/75 11.5 237.8 5800 

III26l lA 12.6 L36.8 
12/27/IL 11.8 237.6 

2/26/75 10.8 238.5 
3/25/75 9.6 239.7 
1/22/15 10 .1  139.2 

2W.b 5121175 10.7 238.7 5 ~ 0 1  
6 m n 5  11.2 23B.2 

9/23 /75  13.n 236.1 

7 / 2 5 / 7 9  12.1 237.3 
8/26/75 12.8 236.6 

216.0 10,31),7* 
,112117* 
12,P"llrr 

1/27/75 
2 /26 /15  
3/27/15 
v 3 0 1 1 5  
5,29175 
7/01/75 
B i 2 7 n 5  
9 / 3 0 / 7 5  

113.3 ' 102.7 5001 
113.1 1 102.9 
112.5 103.5 

112.6 I 143.6 
I I P . 1  103.9 
112.0 10b.O 
112.4 1113.6 
112.5 103.5 
112.7 103.3 
112.B 103.2 

112.8 ' 103.2 

217.7 I O I P Z ~ L  r1.7 
11/26/76 11.7 
I2130174 11.1 
1/28/75 11.1 
2/25/75 10.0 
3,P9/75 8.3 
*112/75 NY-I 

6,2L/,5 HY-1 
7/25/75 NM-1 
8,27/75 10.01*1 
9,e3/75 11.0 

5/21/75 tan-1 

226.0 510, 
226.0 
226.6 
226.b 5880 
227.7 
229.4 

5001 

227.7 
226.7 

10.5 

11.2 

26.0 
23.9 
23.6 
22.1 
21.8 
21.2 
21.2 
24.7 
21.9 
25.2 
23.5 

17.5 

35.2 5001 

S8.8 5001 

3C.B 
35.3 
36.0 
16.9 
37.5 
34.5 
34.0 
13.8 
33.5 
35.2 

1-14.8 

356.0 5000 

31.7 5001 

150.0 10122/76 
, l ,Z617L 
12,27/,4 

1/213f75 
2/23/75 
3/25/75 
*,22/75 
5/21/15 
6/26/76 
7,25/75 
8,Pb/75 
9/23/75 

3.6 
I.* 
1.3 
1.2 
0.9 
1.4 
1.3 
2.1 
2.6 

3.7 
3.4 

Nu-1 

lk6.4 
116.'1 
118.1 
k a . 8  
149.1 
148.6 
160.7 
117.9 
157.1 

1116.3 
146.6 

138.6 
138.8 

141.6 
l I 2 . 2  
143.0 
163.6 

m . 6  

138.6 
138.9 

SO01 

5000 

5001 246.1 16.4 229.7 5001 
16.2 229.9 
l'l.2 231.9 
1I.L 232.0 5000 
13.6 232.5 
I2.* 233.7 
13.0 235.1 
13.9 232.2 5001 
16.4 231.7 
15.2 238.9 
16.1 P3D.O 
16.3 229.8 

186.0 

187.1 

186." 

10,22175 
11,26n9 
12127,71 

2125/75 
3/25/75 
4/22/74 
5,21175 
6/24/75 
7/25/75 
*126/15 
91P3,T% 

i m n 5  

L7.C 
L7.Z 
116.1 
45.9 
44.9 
46.1 
*3.5 
Nn-4 
~n-7 
w-1 
L7.C 
47.1 

273.6 

260.P 

11)121/71 
11/25/71 
1P/27,TI 

1/27/75 
P,ZC,T5 
3/Z',75. 
4/21/15 
5,21175 
6/23/75 
7/21,75 
012V175 
9,22,75 

22.1 251.2 500E 
22.2 251.L 
16.3 251.3 
16.0 257.6 5080 
t6.0 ' Z51.6 
15.2 258.C 

16.6 , 257.2 50e1 
1h.9 2S96.7 
19.7 '53.9 
23.212) 250.4 
Z.6 251 .0  

15.7 1 251.9 

12.2 218.0 5001 
12.0 8 2.8.2 
'1.3 251.9 
7.9 252.3 5000 
7.c 252.R 
6.6 t 253.6 

1.9 252.3 5001 

9.6 , 250.6 
11.6 2118.6 

7.2 t 253.0 

8.4 , 251.8 

I3D.Z 111Z6,75 I7.Z 113.0  5001 
'I2/ZI/?L 16.8 us.* 

l l lRf75  1k.6 115.7 
2/25/75 13.6 116.6 
3/25/75 12.5 117.1 
W22175 13-1 117.1 



. %  

TABLE C- l  

GROUND WATER LEVELS AT W 
SOUTHERN CALIFORNIA 

130.2 5/21/75 1*.9 
6 / 2 4 / 7 5  15.5 
' 7 /25 /15  16.2 
8 /26 /15  17.0 
9/21/75 17.1 

115.3 5001 oLw3'u-~,1 
1111.7 1CO~TlW 
114.0 
113.2 
111.1 

190.0 

i75.n 

190.0 

26.3141 
25.811, 
23.1 
23.1. 
23.41*1 
22.6 
23.5 

25.0 

28.9 
27.3 

W - 1  

Nu-1- 

163.7 
164.2 
166.9 
151.6 
151.b 
152.6 
151.5 

165.0 

161.1 
162.7 

122.0 

12Z.l - 

D-. 
3/25/75 
4/22/75 
5/22/75 
61ZL175 
7/25/75 
8,26,79 
4,23175 

1.. 
15.8 
16.5 
16.8 
16.7 
17.DLB) 

198.1 1012217* L3.6 156.8 5001 

198.3 11?8/75 41.7 156.6 5OOC 

198.k 5/21/75 62.1 156.3 5001 

1112817'. 43.5 15L.P 
11/31/71 '1.3 157.1 

2/25/75 61.2 157.1 
W21175 '1.1 157.2 

6 /26 /15  62.91rl 155.5 
7/29/75 '3.1 155.3 
8/26/75 44.0 154.4 

. 9/23/75 4L.1 154.3 

10>..\ 
105.3 
105.1 
105.1 

150.3 4 f O B l T 5  39.616) 110.7 5000 

140.3 

139.8 

140.T 

10122,7* 
,1/2b,74 
12/27/74 
1/2P.n9 
2/25/79 
4/22,79 
5/22/75 
6,P*,7+ 
7125/75 
B l P b l l 5  
9/23/77 

26.OLBI 
25.4181 
23.3181 
23.1 
22.6 
22.3 
23.418) 
EJ.918l 
25.9181 
25.7,R) 
25.8181 

114.3 
116.1 

116.7 
117.2 
117.5 
116.9 
Llb.' 
114.' 
1lL.b 
11+.5 

t1r.o 

5001 

51100 

5001 
200.6 

ZOC.5 

200.6 

l d l 2 z l 7 4  
11/2117* 
12130174 

1128175 
2/25/75 
3/15/75 
L,OR,75 
5/21/15 
6 / 2 It I7 5 
7,25,75 
8/21/75 
9/23/15 

40.3 
110.3101 
36.7 
16.7 
36.2 
35.2 
35.5 
36.6 
31.1 

39.7 
w . 5  

38.6 

160.3 
160.3 
163.9 
183.8 
16L.3 
165.3 
165.0 
164.0 
163.5 
162.0 
168.9 
1eo.1 

5001 

5OOP 

5001 89.2 5001 
88.7 
92.0 
91.6 51100 
92.0 
92.9 
92.5 
91.4 5001 
90.8 
91.9 
91.3 
91.2 

203.0 11),3",7C 38.7 
11127,14 LO.0 
12,2317L 31.5 

1130/75 NY-6 

164.3 5@01 
163.0 
165.5 

170.1 5001 
170.0 
170.6 
169.0 50W 
169.4 
170.7 
171.5 
173.1 5001 
172-1 
171.1 
169.8 
169.1 

159.7 5001 
159.1 
161.5 
186.0 FOOL 
186.3 
187.4 
lS7.O 
161.3 5001 
160.9 
160.7 
160.1 
160.1 

217.7 10122174 47.6 
,1,26#7* $7.7 
,2,3",7L '1.1 

215.6 1/28/75 16.6 
2125/15 $5.1 
111v75 'C.9 
wz2,75 61.1 

217.7 5/21/75 bk.6 
6/21,75 45.6 
7125175 46.6 
8,P6,75 47.9 
9/23,75 L0.6 

153.'. 39.6 
40.0 
39.1 
38.9 
63.8 
39.8 
*1.7 
45.9121 
46 .BrZ l  
46.2121 
45.6tZ) 

65%* 

87.* 

283.0 

3R.3 

NU-, 

147.1 

60.4 

137 4 

113.8 
111.'. 
,11*.3 
114.5 
109.6 
113.6. 
111.7 
107.5 
106.6 
107.2 
107.8 

5001 

5000 

5001 

200.0 10,22/1* 10.3 
11/26/14 '$3 
12/30/74 38.5 

2Z5.0 1,28815 39.0 
P/25/75 . 38.7 
3/25/75 37.6 

ZDO.0 5/21/15 38-7 
6/21/75 39.1 
7/25/79 39.3 
8,26115 39.9 
9/23,75 39.9 

w ~ 2 m  38.0 

6SO.O 

838.0 

360.0 

43z.o 

'158.7 

495-1) 

170.0 

590.0 

201.8 10/22/1* 
11/26/74 
12/10/7* 
1,28115 
2/25/15 
3/25/75 
4/0R/T5 
5,21115 
6 / 2 4 / 7 5  
?/25,75 
A,?,,E 
9,21175 

12.0 
11.7 
9.8 

10.0 
9.3 
7.k 
b.? 

10.7<8) 

12.6 
12.1trt 
11.0 

NY-I 

191.8 
192.1 
174.0 
193.8 
194.5 
l%.4 
197.1 
191.1 

141.2 
141.7 
192.8 

223.6 10/2217* 16.7 206.9 5001 

223.5 l,zR115 13.5 210.0 5001 

iimm '15.8 207.8 
12/P7/7& 13.6 210.0 

2125/75 12.9 Zl0.6 
5,75,?5 11.3 212.2 
l,P2,75 12.3 211.2 

6121175 13.9 109.7 
7/25/75 I * - h  209.0 
8/21/75 15.2 208.6 
9/23/75 15.0111 208.6 

221.6 5/21/75 13.9 2I19.7 5001 

Oh4,311-lln@l < 42 9'0.11 10/21/7A 19.31*1 321.5 5001 
1l/25/7r 18.8181 322.D' 
121Z1/7* 17.0 323.8 

. .  2,21175 15.3 325.1 
3/21/75 11.1 326.5 
1/21/75 14.5 326.1 

W Z A 1 1 5  .17.8 123.0 
712&,75 1B.e 322.8 
8<25/75 28.3 320.5 

3 w . h  1/21/75 16.3 32'11 5000 

a&".# 5,20174 15.3 325 .5  5001 

116.1 10/27?14 9.6 107.1 5001 
- 1 1 / 2 6 n "  9.3 l " l . 4  

Ne paw 79 for hey to t m  a obbrsviotions 
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06'1131y-18GO1 5 4P 

362.9 

3b7.0 

36*.8 

364.2 

364.8 

33L.7 

335.3 

334.7 

3DR.O 

305.0  

275.5 

311.2 

298.0 

298.5 

298.0 

300.' 

3os.3 

300.h 

b l q A 1 7 I  

I0/21,1* 
,1,25,7* 
12127/7L 
1,s 7 I 7  5 
2/2A/75 
3/21/75 
+IZL,75 
5,20175 
6/23/75 
7/2'175 

-*,25ns 
9/2P/7S 

10/2117+ 
III2SI7C 
,Z,?6,7Y 
l,P7,75 
Pl21175 
3 I2 b I 7  5 
4/21/75 
5/20175 
6<23/75 
,126175. 
8/25/75 
9/22/75' 

l O l P l l 7 L  
,112sn4 
11/87/7* 
1/27/79 
212'175 
,,P',75 
&/21,75 
9/20/75 
6,23/75 
7/21/75 
a, 15,7 5 e 
9/22/75 

4/OR175. 

10/21171 
11/25/74 
12/2?/7'. 

2/24/75 
3/P'175 
4/2,175 
5/21/75' 
6/23/73 
7/z.,15' 
8/26/15 
9,22175 

I I I / P I / I L  
11/25/7* 
12130/7*. 

1/28/75 
2 I2 5 / 7 5 
,172,151 
5/21/75 
6/2*175 
7,PL,75 
8125175 
9/23/73 

,0,21,71' 
11 l25,74 ' 
,Z ,3"/7L 
11211/75 
2/25/79' 
4/22/75 
5/21/75 
612W75 
7121.175 
8/25,75 
9 I2 3 I7 5 

,0,21/7* 
11125/7)t 
12/27/14 
1,z 7 I 7  5 
2,**,75 
3/24/75 
4/21/75 
5/20/75 
6 I 2  3 I 7  5 
7/26/75 
8/25/75 
4/Z2175 

lOl21/7* 
ll,2S/7* 
IZI27/7+ 
llZP175 
2lZ4175 
L,27,75 
5l2ll75 
6/21/75 

1/27/75, 

I 
31.8 

21.2 
19.9 t 
111.4 
18.1 
17.5 
16.0 
16.5 8 

17.1 
NY-1 I 

z1.0111 
19.911, 
20.9111 

11.1 
30.4 
26.6 
23.2 ' 
22.5 
21.6 
22.4 
22.4 
21.5 
26.6 
28.8 
29-7 

17.2 
17.2 
lG.7 

nu-1 
nw-1 

w*-, 
Hw-1 
Mu-, 
w*-, 
NH-I 

11.9 

10.3171 

3a.2 8 

3 6 . Z  , 
24.4 
33.9 
33.2 , 
32.6 
32.0 
38.6 
34.7 
3*.1 
39.2 
36.716) 
15.9 8 

13.5 ~ 

9.2 , 
8.2 ; 

11.0 
LO., i 

11.6 
11.8 , 
32.8 I 
332.1 
3L.I . 
70.8 
3 0 . ~  ! 
29.6 
30.0 
31.0 
31.6 
32.2 1 
32.5 

10.8 
10.1 
9.3 
9.0 
e.9 ' 
7.') 
9.1 & 

8.7 , 
9.1 8 

N*-I I 
9.2 ; 
9.5 

w(-1 

1.1.1 
11.8 
10.4 

MY-, 
6.9 
5.9 
5.1 
5.9 , 

6.8  : uu-, 

"Y-1 

331.1 500 

325.8 5011 
327.1 
328.6 ' 
328.V 
329.5 
331.0 
330.5 
329.9 

326.0 
327.1 
326.1 

333.7 son 
33C.k 
338.2 
341.0 I O D ,  
341.7 
34T.h 
3'1 .e 
362.4 500 
340.3 
339.2 
336.0 
135.1 

317.5. 500 
317.5 
320.0 

322.6 somi 
5001 

324.4 

273.8 SOOI 

268.8 9001 
270.6 
271.5 
271.8 5006 
272." 
273.0 
272.6 
270.3 5001 
270.9 
269.8 
268.3 
269.1 

2frZ.O 5801 

266.3 
266.0 
266.3 
267.3 
260.5 
265.4 

263.9 
263.7 

284.L 5001 
285.l 
286.1 
286.4 m o o  
206.8 
207.6 
287.2 5001 

285.6 
285.0 
20rt.7 

287.2 5001 
287.9 
288.7 
289.5 5000 
209.6 
290.6 
189.' 
289.3 5001 
288.9 
286.9 
2116.2 
287.6 

5001 
293.5 
2PI .5 
29*.8 5000 
299.1 

215.6 5001 

286.2 

513.5 5.2 
6.8 
s.0 
4.8 
3.1 
0;9 
1.5 
2.5 
3.6 
5.0 
6.5 
7.6 

508.3 51101 
506.7 
508.5 
908.7 5001 
510.4 
912.6 
512.11 
511.0 5061 
509.9 
SW.5 

5115.9 
507.0 

476.0 

471.6 

iilb.0 

16.1 
1,.5 

10.5 
.6.& 
4.1 
5.5 
7.1 
11.2 

le.* 
2.a.6 

N h l  

NU-, 
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TABLE C-l 

GROUND WATER LEVELS AT WELLS 

b 

429.0 l,'27/7i 
' 2/14/79 

3/ZL/75 
4121175 
5/28/75 
6/23/79 
7,24,75 

9/22/75 
a/25,75 

10.2 
10.8 
8 6  
8.9 

10.3 
11.3 
13.1 

14.9 
1k.n 

W8.8 5BDO 
b19.0 
b20.5 
620.1 
418.7 5001 
417.7 
415.9 
&1*.2 
C 1 4 . I  

25.2 4W.5 50 
22.8 467.9 
19.0 471.7 
18.4 472.1 50 
15.5 L75.2 
13.5 *77.2 
1b.1 176.6 
15.1 475.6 50 
18.5 472.2 
72.2 ' 468.5 
25.? A65.0 
ZB;6 462.1 

690-7 10lZIi.7* 
11/25/74 
I2/26/7* 

1127/75 
P,2'/75 
1/21/75 
4/21/75 
5120175 
6/?3/15 
7,24115 
8/25/15 
912U75 

*2?.9 l D l Z l n l  12:J $16.3 5001 
1 1 1 2 5 n 1  6.2 *2O.8 
I 2 l 2 b l 7 l  2.8 *2$.2 

1/27/75 2.9 624.1 5 0 0 0  
212W75 2.3 426.7 
3/24/75 1.8 125.2 
4/21/75 2.1 4 2 L 9  

6/23/75 9.8 b23.2 
7/26/75 8.3 418.7 
8/25/75 9.3 417.1 
9/22/15 9.0 618.0 

5 / 2 0 / 7 5  9.5 423.5 5061 

. .. 

513.5 10,2111'1 
11/25/74 
1?/26/71 
1121/75 
2/24/75 
3121175 
4/21/75 
5 /20 /75  
6/23/75 
7,21175 
8/25/75 
9122175 

10.5 5'13.0 50 
13.6 500.1 
11.2 502.3 
11.6 501.9 50 

8.5 505.0 
7.0 506.5 
7.1 506.2 
8.2 505.3 50 
8.9 50L.b 

11.1 502.e 
,13.5 500..0 

15.1 49s.r 

1130.0 4102/15 34.6 1095.G 5008 

LU50.8 4/02/75 56.814, 995.2 SODO 

1054.0 5000 

930.3 5006 

835.0 5 0 0 0  

913.0 5000 

11'1.1 I 0 0 0  

8L6.h 50DD 

758.0 5000 

5000 

566.7 ,500s 

5000 

549.2 5000 

ion .0  4/03/75 23.0 

1120.0 *103/75 189.7 

980.0 &103/75 85.0 

920.0 LIGZ175 , 7.s 

852.0 4/03/75 5.+ 

1190.0 ,.,02/75 48.9 

7BP.O *103/75 31.0 

910.0 1103175 #"-I 

820.3 6/03/75 213.6 

795.0 L103/15 w-1 

7A6.3 1)103/75 197.1 

760.0 4102175 229.3 

865.0 4103175 60.7 

539.3 IO,Pl/l' 
11/25/14 
l2l26,7* 
112W75 

3/2&175 
*I21/75 
5/20175 
6,22175 
7/21/75 
8,25/,5 
9/22/79 

2121475 

6.3 533.0 90 
7.2 532.1 
5.2 5yl.l 
6.3 533.0 
3.7 . 535.6 
1.8 537.5 
2.5 936.8 
8.912, 530.4 

11"-7 , ' 
D D I  
09" 
ORI 

16.0 
17.0 
15.1 
16.2 
13.7 
11.8 
12.5 
17.1. 
Z 4 . l  
29.9 
25.8 
28.2 

76.0 
2L.3 
24.5 
ZI.5 
21.4 
11.6 
I I .6  
15.7 
19.0 
21.5 
2Z.k 
23.0 

55.7 

80.4 

4 0 . 3  

41.4 

111.8 

7.7 

5yl.4 501 
533.1. 
535.3 
534.2 
536.7 
538.6 
531.') 
532.8 
526.3 
520.5 
5Pa.6 
522.2 

641.0 SD, 
k40.7 
w0.5 
*w.5 50, 
443.6 
$50.4 
450.4 
449.3 SO' 
LL6.O 
443.5 
642.6 
442.0 

564.3 589 

559.6 5oC 

566.7 500 

517.1 50L 

496.2 5oc 

49L.3 500 

3~6.7 500 

3~0.6 

386.1 
380.8 
380.0 500 

500 

m0.0 
389.6 
389.2 
389.0 
387.9 

612.1 5 0 0  
615.9 
C18.7 

530.r 5000 

804.3 5000 

777.3 5000 
778.7 
780.0 
781.5 
783.6 
782.9 
782.1 
780.9 
777.11 
775.7 
770-9 
769.9 

704.6 5000 

727.9 5000 

620.9 5vOO 

641.7 5000 

1355.0 5000 

1174.2 5000 

465.0 10,2117)1 
11/25/74 
32/26/71 

1,21,75 
2/26/75 
312'175 
bIPI /75 
5/20175 
6 8 P 3 I 7  5 
7 / 2 4 / 1 5  
8,25115 
9/27/75 

'00.0 10121/7(1 13.3 
11/25/71 13.9 
l2/2*,76 10.2 

390.0 I,Z,,,S 10 .0 '  
2/2&175 9.4 

400." 3,24175 w*-9 
6/21/75 Ne-9 
5/20,75 10.1 
6/23/75 10.4 
711',79 10.8 
8/25/71 11.0 
9/22,75 12.1 

-91- 
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*N,,O*-01G01 s '2 180.0. 

., 
e;, 

10.1 

115.6 
HY-I 
id.& 
18*.7 
1m.3 
109.2 
N W  
NHYI 
N*l 
llk.9 

'6.3 
r9.5 
sp.5 

60.5 

70.3 

iu.6 

99.6 

83.1 

6.7 

.5.0 

325.0 

195.0 

1779 

180.0 

120.0 

1811.8 

10/0L,71 77.7 
1,,06,7* 71.2 
12IO'I,* 76.9 
1,09,75 .71.8 
2 m m  78.1 
3,04,75 , 78.3 
* , * o n 5  78.0 
5,07/15 78.1 
6/01/75 . 70.2 
7/10175 70.2 
810R115 78.3 
9/OP(75 78.1 

1-11 
,.-I%.* 

'16.3 5LZl 
468.0 

64.L 5000 

72.6 
15.3 
75.7 
76.8 . 
! 

65.1 

51.7 5000 
50.5 
64.5 

13.5 SOD0 

'11.7 5000 

'2.6 5000 

230.4 5000 

106.9 5000 

193.3 5000 

170.0 5000 

7-15.C 
T-15-Cl 

101.1 5000 
101.8 
LOZ.5 
103.6 
104.1 
106.0 
106.2 
106.4 
107.2 
105.7 
105.6 
?07.* 

1h3.0 5000 
160.8 
139.2 
139.1 
139.1 
111.8 
I*&., 
'145.9 
;lbb-9 
1*,.7 
.LO723 
J'16.6 

120.8 5000 , %., 5000 
98.9 

t 98.0 
~ 99.6 
; 99.9 
, 1 0 0 . 1  

99.9 
-9.6 
99.6 
99.5 

88.5 sooc 
8B.L 

* 88.9 

s he., '51101 
1 41.2 

61.5 
' 0 . 6  
40.3 
40.1 
40.a 
40.3 
*0.2 

' "0.2 
' 40.1 
i 40.3 

, 70.9 .5001 * 70.* 
68.9 

r 6*.* 
! 68.5 

63.0 

120.0 90.9 
91.1 
93.1 
93.T 

9S.2 
93.6 
93.7 
96.0 
w.1 
96.0 
99.5 

938'. 

25.0 1010317& 
11/07/76 
! 2 / 0 ? ~ 7 C  

27.D 1,1M?i 
2,06175 
3/05/75 
11/10172^ 
5/07/75 
6/04/15 
7,1107 
8,08175 
9/10175 

a3.a 
83.5 
013.8 

12.8 
14.3 
13.6 
13.3 
12.6 
11.7 
12.0 
12.7 
12.7 
12.9 

1 0 3  
10.5 
9.9 
9.2 
6.b 
8.1 
7. e 
7.5 
0.5 
8.6 
8.8 

39.0 
m.0 
35.0 
36.0 
35.0 
35.0 
36.0 
33.0 
33.0 
34.0 
3*.0 
36.0 

16-3 
17.5 
IS.0 
17.9 
17.9 
17.0 
15.6 
15.5 
16.6 
16.5 
16.6 
18.1 

I".& 
19.7 
10.7 
18.7 
19.0 
18.6 
17.7 
17.0 
17.3 
17.5 
17.6 
17.4 



TABLE G-l 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CRLIFORNIA 

25.0 11/01/7* 
12/0I/14 

26.0 1,111175 
2/07/75 
3/06/75 
4/1c/15 
5/06/75 
6/05/75 
7/11/75 
8/08/75 
9 /10 /15  

11111281-09103 5 62 85.0 10104/7b 
11/06/71 
1 U d W 1 4  

1104/75 
2/06/75 
3,(1*/75 
4/10/75 
5/07/75 
6/01/75 
7/11/75 
8,08/75 
9,0v/75 

66.0 1010W74 
11/06/74 
I2 /aLI74 

m.0 1/09/75 
3,05,75 
4110175 
5,06175 
6104175 
7/10/75 
8/08/15 
9/09/15 

60.1 10/0&/74 
11101/7* 

1/16/75 
2110175 
3/05/75 
5/14/75 
6,05/75 
7,25/75 
9,1017s 

1-15 
T-15.C 
7-15.c1 

T-I5 
1-15.c 
T-15.CI 

*7.b 
h6.7 
50.2 
51.1 

50.9 
68.5 
17.6 
h6.L 
16.6 
r5.2 

44.1 
.5.I 
A 5 . 6  
65.8 
65.8 
'5.6 
b5.2 
llL.6 
hb.5 
415.2 

5i.n 

h6.1 
43.7 

75.0 
74.5 
16.5 

77.5 
77.6 
.. 

76.9 
76.7 
76.8 
i7.r 
17.5 
73.2 

-21.6 SO00 
-21.7 
-21.2 
-25.1 
-25.8 
-24.9 
-22.5 
-21.6 
-20.6 
-20.6 
-19.2 

bo-9 '5000 
39.9 
39.4 
39.2 
39.2 
39.1 
39.8 
40.6 
m.5 
39.8 
40.9 
41.3 

-11.0 5000 
-10.4 
-12.5 
-17.6 
-17.5 
-1.5.9 
-16.7 
-16.8 
-17.r. 
-17.5 
-13.2 

75.0 1010W71 98.7 
111&7/74 103.7 
12/09/76 106.1 

1,10175 108.7 
2/87/75 1119.7 
3 / 0 5 / 7 5  108.7 
4/14/75 106.7 
5/07/75 105.7 
6/05/75 105.Z 
?/I11175 106.7 
8107175 106.7 
9>1D/75 105.7 

50.0 iw00/7* 71.5 
11/07/74. 71.5 
12/09/76 72.5 

1110175 73.5 
2/07/75 73.5 
3/05/79 72.5 
4/16/15 69.5 
5/117,75 68.5 
6/01/75 69.5 
7/11/75 69.5 
8/08/15 69.5 
9 1 0 v 1 5  70.5 

12.0 10103/7*  81.2 
11/07/76 81.5 
12/04/74 82.8 

l l l O l 7 5  86.1 

3106/75 R9. l  
4/14/75 84.8 
5/06/75 80.0 
.5105/75 79.3 
7/11/75 78.3 
810*175 18.5 
9,10,75 77.6 

2 m / 7 s  85.1 

90.6 1010117* 130.1 
l l l ( l R l i . 1  130.1 
2/21/75 132.7 
31,7/75 135.4 
4,16*15 129.8 
5/09/75 128.7 
6X10175 125.6 
7,09175 123.0 
8109/75 IPO.9 
9,*',75 119.4 

133.4 10/03 /7 '  159.4 

-0.3 5000 
-e.* 
-2.5 
-3.0 
-2.9 
-2.7 
-3.3 
-4.2 

0.6 

-23.7 5OBO 
-28.7 
-31.7 
-33.7 
-31.7 
-33.7 
-31.7 
-30.7 
-30.7 
-31.7 
-31.7 ' 
-30.7 

-21.5 5000 
-21.5 
-22.5 
-23.5 
-23.5 
-22.5 
-19.5 
-10.5 
-19.5 
-19.5 
-19.5 
-20.5 

-39.2 5000 
-39.9 

-42.1 
4 3 . 1  
-43.4 
- * E d  
-38.0 
-37.3 
-36.3 
-36.5 
'35.6 

-40.8 

-39.5 5 O D O  
-39.5 
-42.1 
-',.B 
-39.2 
-38.1 
-35.0 
'3P.b 
-30.3 
-28.8 

- 5 ~ 5 :  51100 
-52.9 
-52.e 

-26.5 5000 

133.1 11/06/74 161.5 
12/03/76 161.7 

123.0 1/09/75 160.9 
WDL172 160.4 
4/1P/75 159.5 
5/D7/775 159.2 
6/04/75 159.6 
7110175 159.8 
8 /08 /75  160.1 
9/09/75 1 6 O . Q  

75.2 1 O / O W 7 &  05.8 
11/06,74 85.7 
12/03/74 85.7 

I/D9/,5 116.1 
2/06/75 86.3 
3//05,75 . 86.1 
5/07/15 86.3 

~ : 6/0*,75 85.7 
7/10/75 86.0 
8/1)8/75 86.2 
9/09/75, 06.0 

zn.0 L0,0317& 93.0 

12/03/74 90.1 
1/09/15 91-1 
2/06/73 411.4 
3/05/75 -116.8 
4/10/75 88.1 

, 5/07/75 87.8 
6/04175 81.5 
7 ~ i o n 5  87.5 
810,475 87.0 
9/09/75 87.0 

11/06/14 90.7 

-2a.1 5oov 
'28.3 
-37.9 
.-37.* 
-36.5 
-36.2 
-36.b 
-36.8 
-37.1 

..-37.0 

-10.6 5000 
-10.5 
'10.5 
-16.9 
-11.1 
-10.9 
-11.1 
-10.5 
-10.8 
-11.0 
-10.11 

-5.' 5000 
-21.7 
-14.7 
-1*.1 

-7.9 
-12.9 
-6.9 
-6.9 
-3.9 
-2.9 

110.0 5000 
112.3 
112.9 
111.9 
112.6 
116.2 
1lb.P 
115.2 
115.5 

- 115.5 
115A 
116.0 

91.2 5000 
91.0 
92.0 

m.s(21 -108.5 
186.5121 -106.5 
19r.512) -116.5 
183.5lPI -103.5 
186.512) -10b.5 
194.5 -11,+.5 
'11.5 -13.5 

185.5 -105.5 
180.5 -100.5 
188.5 -108.5 
197.5 -117.9 
197.5 -117.5 

5000 

100.r) 10/03/74 161.1 
11/06,,* 159.4 
lZ103,7* 159.5 

105.0 1/09/75 157.3 
2/06/75 156.8 
3/05,75 156.3 
4/10/75 155.2 
5/07/75 155.0 
6/01/75 155.3 
, / , o n 5  155.1 
8/08/75 155.2 
9/09,75 158.6 

40.0 10/04/74 1W+.I 
11/11/7$ 171.1 
12/W/76 166.1 

1/13/75 1 3 . 1  
P/07,ITS 149.1 
3/2,,79 77.1 
6/15/75 78.1 
5/06/75 77.1 
wo.7175 l%.l 
7/1&75 19e.1 
8/01/75 77.6 
9/08/,5 7k.1 

50.0 10/03/76 101.3 
11/08174 101.6 
12/01/74 101.8 

1/10/75 100.6 . 2/07/15 99.8 
3/(17/75 99.5 
6/14/75 98.2 
5/06115 97.1 

-6.1.2 5000 
-59.6 
-59.5 
-52.3 

-51.8 
'-51.3 

-50.2 
-50.0 
-50.3 
-50.1 
-50.2 
-53.6 

-14A.l 5080 
-133.1 
-126.1 
-11'1.1 
-109.r 
-37.1 
3 8 . 1  
-37.1 

-,%.I 
-150.1 

-37.6 
--3+.1 

5000 

-SI., 5000 
-51.6 
-51.8 
-50.6 
4 9 . 8  
-19.5 

I. 

I 

i 

1 :  

1 

I 



T-15 
'TLL5.C 
T-15.CL 

50.0 

32.8 

62.1 

30.0 

20.0 

26.0 

25.0 

22.0 

15.0 

9.0 

1ao.o 

97.7 --",.I S"0, 
07.6 .-&.I.' 
97.' -,..I.* 
qa.3 -48.3 

48.2 

$6.1 
L B . 5  
'8 .6  
48.6 
.AB.* 
A6.8 
rr7.6 
$7.0 
47.0 
A 6 . A  

6L.8 
62.9 
69.0 
61.8 

68.8 
56.6 
53.9 
55.0 

nn.7 

w . 7  

""-1 
Nu-) 

53.6 

82.4 
a0.0 
78.5 
76.2 
76.1 
76.5 
be.* 
65.6 
66.b 
67.8 
73.6 
bb.2  

4.9 

-6.0 
53.6 
5b.5 
50.7 
50.8 
50.2 
69.7 
+I-6  
48-5. 
'8 .6  
'8.9 
re. ,  

18.1 
17.5 
17.1 
1d.R 
15.1 
15.2 
15.2 
2*.* 

-33.6 

-56.' 5000 . -56.0 
-52.5 
-50.2 

5 -50.1 
-50.5 , -*2.* 
-39.6 

, - L O A  . 4 i . a  
-c7.6 
-40.2 

, 20.1 5000 

-14.0 5000 

j -32.5 
-2R.7 
-28.8 

-27.7 
-25.6 
.-2h.5 
-26-6 
-26.9 
-26.1 

1 -m.+ 

-28.2 

-3.1 51100 
-7.3 
-2.1 
O.L 

- 0 . 1  
-0.2 
-0.2 

, 0.6 

I 8 . O  
8.2 

17E.3 5000 

?.6 
6.9 
5.* 
5.3 
*.S 
5.3 
6.0 
6.3 
6.'. 
6.8, 

19.8 
16.0 
15.6 
14.8 
14.3 
13.3 
11.9 
I?.* 
13.2 
13.6 
13.6 
ll.7 

17.2 
17.6 
11.3 
17.2 
11.2 

16.1 
16.5 
16.4 
16.5 
16.6 

29.m 
29.9 
z9.9 

16.8 

17.2 



,N/25"^2RJOl 9 62 

111.0 

127.0 

110.8 

2L7.D 

620.0 

632.0 

121.0 

132.0 

89.0 

57.0 

11 .0  

18.0 

32.0 

7.6. 

1'7.0 

63.0 

'75.0 

40.0 

w . 0  

2/24/79 A6.R 
L,20,15 RZ.6 
6/02,75 111.8 
7/2A/75 69.3 
9/09/75 91.9 

WOW75 45.2 

*/OR,75 22.0 

4/08/75 12.5 

.1row75 ins.7 

W08175  18k.0 

W O W 1 5  NY-6 

1D102171 Nu-1 
lP,07,14 N"-Y 
1/09/75 W - L  
2/24/15 69.2 
3/21/73 67.1 
6/28/75 NU-* 
6/02/75 NU-& 

9,09,75 MY-1 
imm HY-4. 

l O l 0 2 l l I  92.6 
lPIOZI7I '1.4 
1/09/75 30.3 
Z,ZL,75 37.1 
3/P*,15 15.0 
4/28/79 36.9 
6/02/15 a1.7 
1 / 2 8 / 7 5  35.3 
9,00175 "-1 

lOIOP114 10.9 
11/2117* 3.4 
1/09/15 FLOY 
W2rr175 FLOY 
3/25/75 FLOW 
4,2R,l5 FLOY 
6/02/75 FLOY 
7/2P115 FLOY 
9/09,15 0.6 

W O R I l 5  FLOY 

1 / 0 8 / 1 5  11.7 

4 / 0 8 / 1 5  FLOW 

11,011175 19.7 

*,0,,15 N*-L 

7/25/15 10.6 
9,1",75 11.7 

1/25/75 51.5 
9,10175 39.0 

1/25/15 13.8 
W10175  32.5 

7-15 
7-15.c 
T-15.C' 

26.2 SO00 
2B." 
21.2 
21.7 
19.1 

81.8 5000 

w . 8  5008 

214.5 ,5000 

231.3 5000 

218.0 5000 

5000 

5 0 0 0  

62.8 
64.9 

46.* 5000 
L1.6 . 
50.7 
51.9 
5L.O 
52.1 
47.3 
53.7 

55.7 5000 

6.1 5000 
13.6 

16.6 

5000 

l?.J 5000 

5000 

127.3 sooa 

5000  

66.L 5001) 
63.1 

-1.5 5000 
1.0 

6.2 5000 
1.5 

,f ... T-. ~ ; $  ~ 

'e poge 79 for hey lo terms B obbwialions . .. 



GROUND WATER LEVELS AT WELLS 
'SOUTHERN CALIFORNIA 

291.9 

898.8 

246.8 

239.6 

869.5 

759.6 

700.0 

658.1 

780.9 

679.9 

63.l.O 

557.3 

61'1.1 

673.1 

488.5 

,456.1 

"25.6 

~9n.5 

1/21,75 31.6 

6/10/75 25.7 
8/01/75 27.2 
9/24/75 29.5 

1/21/15 15.0 

3 m n 5  2s.z 

3,27,/75 1L.I 
m o n s  1n.i 
8/01/75 17.2 
9/29,75 15.2 

1 1 2 1 n 5  13.0 
3 / 2 7 / 7 5  12.7 

8/11/15 NH-1 

1/21/75' 1b.2 
3,27,75 13.6 
b / i i m  15.1) 
8/01/75 15.1 
9129/75 16.6 

1/23/75 , L O  
8 /06 /75  I . ,  
9130175 .1.7 

1/22/75 92.8 
3,27175 86.8 
6/11/75 85.8 
7/33/75 ?I.* 
9,29/15 96.0 

1 l 2 W 7 5  41.8 
3/27/75 27.0 
6/11/75 79.5 
8,01175 '6.5 

1,22,75 23.0 
3/27/75 18.1 
6/11/75 13.8 
7/31,75 30.4 
9/2P175 51.0 

1/22/75 Ll.4 
3,27,75 38.7 
6/16/15 38.3 
8m1175 39.2 
9/?9/75 '3.5 

3/27/75 ,"La 
6117175 111.9 
8101175 1D9.0 
9/29/76 1115.0 

1/22/75 117.8 
3,27175 LBrl .8  
61,1175 PA.5 
7/31/75 102.7 
9/29/75 113.0 

bno/rs w-i. 

9,30175 72.8 

i e z m  105.0 

" '  
"-02 
u-02.8 

2bo.5 5121 
266.7 
266.2 
264.7 
2.52.6 

283.8 5121 
2W.L 
28*.7 
281.6 
200.6 

233.2 5LZl 
233.5 

225.4 5121 
226.0 
2ZL.6 
224.1 
223.0 

861.5 5121 
Bb8.L 
867.8 

bb6.6 5121 
(112.6 
673.6 
668.Q 
663.4 

658.2 5121 
673.0 
670.5 
653.5 
647.2 

695.1 5181 
640.11 
6W.3 
627.7 
607.1 

739.5 5121 
7'2.2 
742.6 
IL1.7 

574.9 5121 
576.3 
5 u . a  
570.') 
576.9 

T37.4 

519.2 5121 

538.5 
532.2 

53*.3 ' 
52A.O 

l lzP115 75.L 5'13.7 5121 
3 /27 /75  73.1 546.0 
7 / 0 1 / 1 5  76.6 542.5 

1/22/75 :15.1 1.19.5 5121 
3/27/75 3.8 -'21.8 
6llt/75 +.& 421.2 
R / 0 1 / 7 5  6.1 419.5 
4/2P175 :15.2 110.4 

~ 2 . 2  

396.1 

416.7 

372.0 

331.b 

625;o 

6LP.h 

816.R 

806.' 

lIEZ175 12.3 389.9 5,11 
3 n 7 n ' i  11.7 390.5 
6/16/75 9.4 392.B 
8,01/,9 .E.? 390.0 
9,30175 14.2 388.0 

1/22/14 27.5 -366.6 512, 
3/27/75' 11.1 383.8 
6,1(1,75 I,.& ' 382.7. 
8/01/75 11.9 379.2 
9,29,15 C3.6, 378.5 

Ir2Z/T5 75.0 371.7 5121 
3 / 2 7 / 7 5  55.1 391.6 
6/10/75 51.2 395.5 
8/01/75 55.0 391.7 
9 /29 /75  66.5 ' 380.2 

112217- 17.1 
3/27/15 6.2 
6/11/75 6.3 
8,0,,75 8.7 
9/29/75 13.A 

1/2217- lS.0 
3 /27 /15  13.4 
611(1/75 15.1 
8/01/7< 15.9 
9,29175 16.2 

1,22175 6.h 
3/27/15 , 5.8 
6/11/75 6.1 
7,3105 7.0 
9,P4/75 10.6 

6/11/75 -1.6 
7/11/75 -2.0 
9,29,75 -0.3 

1 /22 /15  3.0 
3/27/77 2.1 
6/17/77 "-1 
8,01/75 5.8 
9/30/75 9.0 

1/22/75 a.4 
3,27,1s 1.5 
6<17/75 4.6 
8111175 NH-I 
W30/75  5.6 

OCN,72"-loXO? E 55 1321.9 

llZW75 57.6 
3,PT,75 *".9 
6r21i75 -37.% 
w o w 7 5  35.8 
9/30175 39.0 

336.9 5121 
365.8 
365.9 
361.1 
358.6 

. 317.1 5121 
318.0 
316.3 
315.5 
315.2 

619.6 5121 
620.0 
619.5 
618.8 
615.1 

6'2.0 5121 
641.5 
6'0.7 

813.8 512: 
81L7 

811.0 
807.8 

8112.0 512: 
801.9 
801.8 

800.8 

"42.C 
"-02.C1 

1258.i SI.? 
1262.6 
1261.3 
1258.8 
,259. I 
1305.1 518 
1300.2 
1306.0 
I108.L 
131'1.3 

1406.7 512 
U11.6 
1406.7 
1605.6 
1406.3 

1189.3 512 
2206.0 
L2I)L.l 
1211.1 
1207.9 

u-oz.c2 

1082.0 512 
1078.5 
1867.3 
1070.9 

lm71.4 512 

955.L 512 
972.5 
96h.S 
955.5 

w o . *  512 
796.0 
177.* 
772.4 
75*.'1 

763.7 518 
776.7 
780.n 



TABLE C-l  
GROUND WATER LEVELS AT WELLS 

949.3 

890.7 

062.4 

8M.T 

801.1 

794.L 

748.5 

772.6 

786.0 

Th3.b 

769.0 

868.7 

786.' 

688.0 

560.2 

1162.6 

8 /06 /75  lh5.Q 
9/3/75 176.E 

llZ3175 79.9 
3/ZR175 50.9 
b111175 36.2 
W O W 7 5  63.8 
9130/75 77.1 

11*?,,5 37.5 
3/27/79 z+.P 
6,111175 21.4 

1/22/75 21.9 
3/27/75 11.3 
6/10175 Nu-1 
R/OW75 16.3 
9/3",75 22.7 

1/22/75 102.1 
3 / 2 8 / 7 5  80.8 
6/11/75 71.1 
8106175 Rh.2 
913",15 98.5 

u-02 
u-02.c 
U-02.Ct 

783.9 511 
713.3 

X * . o  511 
n5.7 
791.9 
778.0 
766.5 

759.2 512 
790.0 

767.5 
751.9 

761.8 512 
793.0 
808.5 
781.2 
767.6 

7b7.5 517 
781.1 
752.9 
733.6 
725.7 

753.8 512 
780.7 
775.2 
760.8 
752.0 

750.1 512 
770.5 
766.1 
741.6 

liS.5 512 
765.7 
797.2 
7L0.6 
732.6 

748.5 512 
761.1 
766.8 

146.1 512 
751.7 

714.1 

7'17.1 512 
756.7 

752.7 
7'16.3 

766.6 512: 
787.9 
191.3 
782.5 
770.3 

771.0 5121 
775.4 
777.0 
'75.2 
772.7 

bRL.6 51ZJ 
685.9 
685.* 
hR6.1 
685.9 

527.2 512) 
527.6 
527.3 
527.2 
527.2 

1/23/15 3R.2 1129.4 5121 
3 /2W75 35.6 llPl.0 
6/11/75 Nw-1 
8 /06 /75  37.2 1 1 2 5 . ~  
9/30/75 3n.i 1 1 2 ~ 5  

S".* 

51.1 

&,..AI 

56.0 

*?.O 

39.6 

34.0 

8.7 

33." 

2I.D 

PI.* 

18.1 

15.2 

17.9 

1h.l 

8.6 

I?." 

12.8 

lo." 

10.1 

9.5 

9.5 

51.6 

i/zzm uw-1 51: 
4/03/75 38.3 8.7 
5/28/75 45.2 1.8 
7/25/75 55.0 z.0 

1/20/75 90.0 -56.0 51: 
4/I,R5 . 7b.0 -0.0 
5/ZR,79 NH-1 
7J2W75 78.8 -M.8 

5 m m  37.7 -28.8 51; 
7/25/75 38.5 -29.b 

1122175 37.5 -4.5 Sli 
1/02/75 28.9 4.1 
5 0 8 8 7 5  42.5 -9.5 
7/26/75 39.2 -6.2 

1 1 z 1 n 5  31.0 -7.0 5,;  
4/01/75 5/2P,75 ,33.0 23.8 -9.0 0.8 

It,Ol,lL 1,02,,5 *3.7 25.5 . -21.9 -3.7 

7/21/75 31.9121 -13.9 

1Ot01,IL 57.6 -35.6 5+1 

1/03/75 25.2 -3.$ 
4101175 23.7 >. -1.9. 

1/22/75 61.7 

Sl22/75 54.L 
7/24/78 62.6 

4102175 . 47.6 

1,24/75 53.5 
W l l R 5  54.5 
5111175 51.5 
7,20175 16.5 

1/72/75 b7.P 

-66.5 512 
-32.' 
-4*.2 
-47.* 

-8.9 
-z7.8 
-2.9.1 

-29.5 512 
-18.0 
-28.9 
-27.* 

-53.1 512 
-11.1 
-33.' 
-36.h 

*3.5 512 
-4L.5 
-11.5 
-16.5 

-12.8 512 

-6.2 512 

-9.n si2 
-3.2 
-9.1 
-9.0 

-32.9 512 
-31.q 
-35.9 

C.6 51E 
.P.* 
0.e 
0.0 

-3z.5 5121 
-21.5 
-31.0 
-28.9 

5-7 5121 
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TABLE C-l  1 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

ZO.0 

l'.S.L 

149.0 

150.1 

118.' 

115.0 

1OE.P 

89.7 

77.0 

w . 2  

56.5 

57.X 

201.8 

21*.6 

218.5 

2Lb.6 

1'1.0 

12n.v 

5/23/75 6.2 LJ.8 5121 
BIOS175  5.1 14.7 
9/221?5 8.1 11.3 

i w i ~ m  28.2 120.2 5-11 

53.8 5&11 
V3.3 

66.1 5'11 
67.5 
56.3 
58.7 

'60.7 
78.b 
93.1 
91.2 
85.3 
79.9 

*7.0 511, 
50.0 
55.6 
69.0 

12.0 1411 
21.0 
28.9 
31.0 
,.I.& 
42.0 
56.0 

30.5 5121 
SO., 

a*., 512, 
26.0 

15.7 
15.1 

13.2 
12.7 
20.4 
2I.L 
25.a 
1C.I 
11.6 
e.& 

22.0 5121 
32.2 

6.2 541% 

118.1 5121 
5L.6 
56.0 
'2.7 

2a.5 5121 
31.9 
33.7 
30.8 

25.1 5k11 
22.5 
21.0 
21.6 
26.2 
33.7 
. o s  
L6.b 
"0.2 
30,s 
34.0 
30.6 

31.5 5411 
25.5 
23-5 
P . 5  
411.5 
4L.5 
58.5 
67.5 
16.5 
41.5 
37.5 
39.5 

.32." 5 L l l  
19.1) 
26.0 
12.0 

10111/71 Lb.* 82.6 9cll 
I I / l P / 7 4  73.4 75.6 

1/01/75 . 51.1 91.9 
2/27/15 58.6 90.6 
3/20175 ' 0 .8  108.2 
5/02/15 P6.4 122.6 
6/03/15 31.G 117.6 
7/01/75 38.5 110.5 

02II,z2"-l2"0l 5 56 135.1 10<1117~  64.0 
1110,171 67.6 
1210.517* 80.8 

1/03/75 76.G 
Z I O T l l ' i  71i .L 
3,28/75 56.7 
5,05/75 41.8 
6,0',75 '3.9 
7/01/75 69.0 
8/01/75 55.2 

127.n 1/03,75 R0.B 
i.,2,175 77.8 
3/28/75 72.2 
5105175 58.8 
610L/7? NH-L 
71011E NU-1 
8/0,,75 w-, 

1/21/15 62.7 55:7 5121 
3,31<75 52.0 66.6 
5,2>115 38.5 79.9 
7,31175 76.615, 62.0 

5/2,175 "-1 
1/31/75 NU-1 

10,0117'1 HI-% 

5121 

5+11 

38.8 5121 
49.0 

-1i.z s ~ t i  
-13.0 
-11-1 
-11.9 
-11.4 

5121 

35.9 
81.5 

12.0 5lZl 
1Q.9 
17.5 
18.8 

%l,21 
-28.6 
-17.6 
-16.6 

46.8 5121 
46.2 
45.6 
b2.I 
39.8 

5121 

67.3 4121 
73.2 
74.5 
7b.1 
71.5 

98.8 5'11 
w . 0  
5L.8 
53.3 
54.3 
55.1 
55.0 
5P.8 
9 . 7  

72.0 5611 
90.7 
86.7 
83.2 
85.8 
91.5 
99.0 

1/21/75 H M - l  
C114176 NU-] 
5/21/75 28.3 
7*23/75 -1'1.3 

1/27/75 1G.5 
L,OJ,75 36.6 
5 / 2 2 / 1 5  39.0 
7 /25 /15  37-7 

1,27/'5 n*-1 
*IOJ,lS 85.9 
5/24/75 74.9 
7121*75 n.9 

i o w 7 5  i5r.n 
3,20175 157.6 
5/?3,75 158.4 
8,"b/75 161.C 
9/??,75 164.0 

1/22/75 .NU-* 
1/20/75 IIY-6 
5/23,,5 u - L  
8,0t,,75 w-* 
9,11,?5 I,*-* 

1/22/75 171.2 
,,PO175 LL5.1 
512,/75 161.0 
w o w 1 5  I(P.4 
9/22/79 181.0 

+l.O ,0,01r74 36.8 
12,311,' 47.8 

1129175 28.1 
2/2h<75 20.b 
3/26/75 16.6 
(.,29/15 15.6 
6,1)L/75 26.9 
7,30,75 29.' 
8/27/75 36.* 

6e.S 1131175 46.5 
3,2405 36.3 
6,10115 N I - I  
8/11/75 wu-1 

1119.1 1,21175 71.3 
3/31/75 5L.B 
5,21,,s 51.L 
7131175 66.7 

80.' l,ZI,75 59.9 
3/11/75 49.5 
5/28/75 46.7 
7/23/75 '9.6 

92.2 1(1,0',11 67.1 
IIII),,,' 69.7 
L2127/7L 71.8 

1/03,75 70.6 
2/07/75 66.0 
1/07/75 58.5 
"/OC,75 51.7 
5/02,75 47.6 
6,@6/76 52.0 
T/03/75 55.7 
8/01/7'i 50.2 
9/05/75 61.6 

O2N,27*-21R0, f 56 LW.0 lI1/10,7L 77.5 
11107/,' 83.5 

1/0217< 75.5 
21117179 6'1.5 
3/11/75 66.5 
4/01115 50.5 
5/29/75 61.5 
6/13/75 62.5 
7/1R115 67.5 
8/11/75 71.5 
9/15/77 13.5 

1 2 m m  115.5 
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TABLE C-1 . 

GROUND WATER LEVELS AT WELLS 

OlN/BlY-27F31 5 76 

119.6 

l2L.S 

190.0 

90.D 

66.6 

72.1 

59.0 

34.0 

38.2 

39.1 

' 75." 

51.0 

15.0 

26.0 

23.7 

27.8 

25.0 

22.0 

23.3 

13.1 

282.0 

806.0 

1121175 Nr-1 
w 0 ? / 7 5  98.0 
5/28/15 NU-3 
7/11,75 99.0 

1121115 091 
7/1L175 66.0 

4,87175 99.9 
5/22/15 .fir.* 

1/21/75 30.0 
L,OPIIS 25.0 
5 n z 1 7 5  28.1 6.9 

1n2,75 "-1 512 
5,0?,15 79.0 -53.0 
5,22175 IW-1 
1111r75 Nu-1 

7,21115 3L.3141 0.7 

"-03 
U-03.A 
U-03.LP 

69.3 5121 
69.8 
69.5 
69.1 

5121 
19.5 
10.2 
-3.7 

150.0 5121 
117.6 

-55.5 5121 
-32.1 
-a*.* 
-29.8 

-43.5 5121 
-16.7 
-36.9 
-3*.5 

-80.7 5121 
-65.3 
42.4 
-81.4' 

-39.0 

-40.0 

5121 

5121 
-47.3 
47 .2  
-74.5 

512 
-27.8 

-20.8 512 
-28.3 

22.3 512 
21.5 
21.5 
21.6 

7.7 512 
10.7 
9.3 
1.6 

5.0 512 
10.0 

,O,D1,1* 49.0 -15.3 s.1 
1111217* 41.7 -68.0 
I2/15/7)I 87.7 -66.0 
1102/75 73.11 -50.L 
,,03,75 13.1 -44.* 
1,01175 70.4  -66.7 

7131175 DZ.6 -58.9 
812,175 01.4 4 7 . 7  

w w r s  79.1 -45.6 

1/21/15 75.9 -+8.1 512 
WQ2t.Tf NY-6 

11m175 79.5 -5b.5 512 
4/01/75 71.1 -66.1 
5/22/15 76.8 -51.8 
7/2+/75 80.8 -55.8 

1/?0,75 97.1 -65.1 512 
r/n2/75 53.1. -31.1 
5/2?175 91.6 -3O.b 
7/31/75 a8.6 -26.6 

i/22,75 33.7 -lo:,* 512 
',1',75 73.8 -0.5 
5/27/75 22.9 0.G 
,,z4,75 20.81LI 2.5 

1/27/74 64.* -91.7 512 
4 1 0 7 / 7 5  50.0 -36.3 
5/22/15 75.0 -61.3 
,,?*,E 67.9 -54.2 

4/111/75 261.0 4 L . O  512 

4/01/75 322.0 -116.0 512 

02NI2,*-3hri0, E 56 

'189.3 1,20179 Zbb.? 
3/31/75 261.6 
*/02,75 Zb2.7 
5/22/75 275.6 
7 1 2 ~ 7 5  m . 8  

29n.a *109/7s 390.9 

214.2 1,2,/7+ R8.4 
3121175 R 7 . I  
5,23/,' mi* 
8/07/75 91.3 
4,22/75 9'.5 

238.6 I,PL,T5 127.5 
3/21/75 126.3 
%23/79 125.2 
8 1 0 5 n 2  ItT.? 
9/22/75 133.5 

129.5 1,21,1$ 72.5 
2/25/75 56.0 
5,23115 G9.0 
8/65/75 5 3 2  
9 /12 /75  66.0 

"-03 
"-0l.n 
U-OI.L2 

-109.P 5121 

71.6 5121. 
67.8 
70.6 
6?.7 

-109.3 9121 
-107.1 
-,IO., 
-117.1 

-77.6 5121 
-72.3 
-73.4 
-86.1 
-92.s 

-12.0 5121 
-10.11 
-12.3 
-13.6 
-13.L 

-92.0 5121 

-105.9 51P1 
-104.5 
-106.6 

85.0 5121 
85.6 
85.5 
85.6' 

5121 

5121 
-6Z.e 
-76.6 
-80.1 

:m.5 54,l 
-59.5 
-18.6 
49.3 
-*e.> 
-55.9 
-5C.O 
-65.7 

512 
-67.* 
-73.7 
-77.0 

-37.2 51Z 
-26.3, 
-35.9 
-34.9 

V-03.8 
"-03.8, 

152.9 512 
156.6 
155.9 
144.5 

,,z.9 518 
166.2 
L(19.4 

113.5 SIP 
120.6 
120.7 
116.2 
109.5 

125.8 512 
126.8 
127.8 
122.9 
L14.7 

111.1 512 
112.1 
113.1 
11'0.7 
105.1 

5r.0 512 
72.7 . 
80.5 
76.2 
61.5 

72.3 56, 

. .  . 
4- 





TABLE C-1 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

"-03 
"-03.A 
"-*3.81 

201.3 ,2225 
200.2 
206.m 
200.9 
195.3 
19L.B 
194.0 

197.8 5121 
201.3 
199.0 
107.1 
186.Z 

IhR.8 2225 
168.1 
169.2 
182.7 
183.6 
186.6 

'180.0 
180.7 
115.4 
L76.0 

94.2 2225 
BL.9 
91.3 

180.6 
le,.* 
185.8 
127.2 
16b.7 
173.8 
166.4 
172.6 

186.7 5121 
l8s.b 

178.7 
176.9 

I9Z.7 541, 
191 .L 
197.2 
199.8 
201.' 
203.8 
199.1 

182.9 5611 
183.1 
189.1 
190.7 
192.6 
193.3 

181.6 
183.5 
1 R l . 9  

172.8 5Cli 
175.r 
17R.L 
LBO.* 
181.9 
182.4 
181.2 
177.2 
173.5 

179.2 5121 
177.9 
17h.8 
165.L 
165.6 

173.8 512  

117.3 51.. 
178.1 

157.7 54, 
leB.9 
162.4 
163.8 
165.0 
165.5 
Ih'.P 
159.2 
1543.1 
151.2 

16." 5 * 2  

I -  
! 
j 
, .. 

2z8.7 2/06/75 27-* 
3/12/75 28.5 
*,ow75 z2.7 
6 /08 /75  PT.8 
7/02/75 33.4 
8,03/15 33.9 
9104,75 36.7 

28A.0 1/21/75 86.2 

5,20175 85.0 
8,08175 96.9 

3 m m  82.7 

9/23/75 95.8 

~ ~ I I I P ~ W - J L R O I  z 56 266.2 1121175 loa.? 157.9 5121 
3/21/75 1115.0 161.2 
5,23175 105.1 161.1 
6,11,75 lllJ.5 . m7.7. 

OBN,ZZY-,&K02 c 56 18O.b ,,>I,,< 19.5 1bl.l 5121 
3/21/75 15.5 165-1 
5/23,75 16.3 164.3 
8 /07 /75  31.5121 1'9.1 
9/22/79 2b.I 156.5 

U-OJ.RZ 

1472.2 5 L 2 I  
1481.6 
1481.2 
1678.5 
1477.7 

u-03.c 
U-03.Cl 

389.5 5121 
391.0 
389.6 
389-2 

377.8 5121 
379.7 

..379.1 

396.0 5x1: 
358.1 
358.2 
359.4 
359.1 
360.8 
359.0 
358.5 
356.8 
355.8 

315.8 512 

328.3 541 
321.9 
328.7 
330.3 . 
331.8 
3 Z V . L  
329.q 
327.4 
326.3 

433.3 1/24,75 ' 43.8 
3/21/75 42.3 

8 / 0 6 / 7 5  Wt.1 

404.2. 1 /28 /75  26.L 
3121175 211.5 
5/21/75 25.1 
8,12175 WI-l 

51zans 43.7 

235.9 1/21/75 50.2 
3121175 '6.3 
bll"175 **-I 
8 /07 /75  59.0 
9 / 1 3 / 7 5  57.2 

375.6 10130,11 19.6 
12/311/711 17.5 

2/27/75 16.2 
3/31/15 16.5 
4/21175 lG.8 
6/03/75 16.6 
7/30/7< 17.1 
8126175 18.0 
9/29/75 19.8 

II~WE 17.4 

m . 8  1 0 m m  28.1 
I2IOW7L . 29.4 
1/27/75 13.6 
2/26/75 21.0 
3/86/75 19.b 
L12,,79 17.0 
6 / 0 2 / 7 5  21.? 
7,30175 BY-1 
11/26/79 N W l  
9,10175 tm-1 

210.9 ,0,3,,71. 78.0 

1,20,75 71.8 
2,26175 2.2.2 
3,211175 18.3 
L121115 17.b 
6,02175 MY-1 
7,30115 26.3 
8,26175 27.' 
P130175 29.0 

12/27/74 27.8 

315.5 9/23/73 -8.3 

3L1.8 1013Li.7L 13.5 
12/30174 13.9 

1/28/75 13.1 
2/2,,,5 11.5 
3/11/75 10.0 
* I Z W  5 12.4 
6,0345 7/30 5 11.9 14.1 

S f 2 h l T S  15.5 
9/29,7r hH-I 

300.0 1/22/75 3.1 296.1 512 
298.0 5/20nr, 6.3 293.7 

8,0617'i 7.5 290.5 
9/83,,'. ' 7.2 290.8 

222.8 2/07/75 '3.6 
1,21,7s '6.9 

8,07,75 57.' 
~ ~ 3 1 7 5  $7.2 

5/21/75 6n.o 

220.7 '3/21175 '6.9 
b,l",75 Ne-1 
R/1?175 MI-1 

208.0  3,21175 30.7 
5/21/75 32.9 
8,12/73 UP- l  





TABLE C-l 

GRO.UND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

OW119Y-25C02 5 56 

56 

56 

56 

56 

OIWI9Y-3LYOP 5 56 

OIN119Y-35L02 5 56 

626.1 12/0*174 79.6 
1,271715 83.1 
2/21/75 Nu-1 
J,ZT,75 Rb.8 
C I 2 8 1 7 5  R6.2 
6 / 0 3 / 7 5  85.3 
7 0 W E  R2.5 
8,26,75 81.8 

' . 9/29/75 87.4 

607.0 10130171 56.3 
12,3",71. 62.6 
1,28,75 65.6 
2,87175 76.0 
3 /27 /75  67.2 
*128/75 6'4.2 
6/02/15 72.0 
r o w 7 5  61.9 
8124*75 63.9 
w2w.75 .75.4 

u-", 
U-03.0 
u-03.01 

L 6 . 5  5611 
5L2.R 

5L1.3 
539.9 
5'1O.B 
5*,.6 
I'.., 
538.7 

550.7 5Lll  
561.6 
5L1.4 
529.0 
539.8 
537.8 
535.0 
545.1 
543..1 
531.1 

513.P 5121 
525.8 
5ZI.P 

536.8 5121 
536.'. 
530.1 

530.4 

519.7 5121 
522.2 
517.3 

4 W . B  IIll 

503.0 5121 
503.3 
199.7 
510.8 
500.5 

692.8 5511 
492.5 
a 9 1 3  
991.3 
692.0 
190.9 

W1.8 
692.9 
489.0 

517.9 s a l 1  
517.1 
915.9 
514.1 
SI*., 
513.1 

"43.03 

3002.3 5121 
3002.2 

33117.9 5121 
3307.9 

u-03io't 

53QV.3 5191 
5309.4 

5220.'1 5121 
5230.1 

5135.5 5121 

S136.5 5121 
5137.5 

5IOL.9 5121 
510'.5 

*98b.8 5121 
4987.0 

rgao.2 
6960.5 5121 

IP(l3.h 5121 
W"3.1. 

h265.3 5121 
LPh3.* 

19 

I W 3 . D  11,22174 D m  
4/16/75 NY-3 

1'61.0 11/27,7h .W+l 
4/16/75 21.9, 

1 I L T . o  l l / Z T / l i l  29.5 
4,11175 22.1 

1309.' 11/27/7' 93.0 
9/16/,5 86.5 

1336.2 LI,O*/71c 2.1 
1,06/,5 1.2 
3101175 1.3 
5/09/75 .1.4 
7,0!,,5 w - 2  
9,"5/75 l . 0  

1 3 3 . 1  l l D 1  
1335.0 
1334.9 
1334.8 

1332.2 

1 m . b  i i m m  NU-2 
lZ/lR/7' 105.8 
a102175 98.6 

1101 
1212.2 ' 
l719.* 

13551." 1113175 94.5 

1300.0 11/22/74 ' ' 8 B . B  
WD2175 90.0 

4102175 165.5 
1325-" 11/22/7' ti*-3 

, 1259.5 1101 

1211.2 1101 
1ZLO.O 

1101 
1179.9 

lB3R.5 IOI3,/74 
11/22/14 
12/17,7L 

1123/75 
3/05/73 
w0w75 
5 / 0 9 / 7 5  
6/11/75 
7,02,75 
8/07/75 
9,05875 

115.1 
121.' 
120.3 
123.8 
124.2131 
122.9 
123.6 
120.5 
121.1 
120.7 
121.0 

1101 

i 

._ .. . . .  ~. . . . . _..- 



1652.0 48.8 
63.0 
'9.3 
63.7 
63.9 
,3.9(2, 

1609.2 1101 
1609.0 
1608.7 
1608.3 
tbOB.1 
1698.1 

19  

19 

19 

1609.0  11/19/11 ' 9 .7  1559.3 1101 

1621.0 11/19/76 ,50.2 1570.8 1 1 0 1  

11311/75 52.*I&) 1556.6 

4 m m  5n.2<61 1562.8 

1*61:0 3/01/75 
5 / 0 9 / 7 5  
7/01/79 
9/02/75 

O'Nll5.Y-2600' F 1' 

65.3 
62.' 

51.* 
60.2 

66.6 
66.9 

56.6 
44.8 .. 
46.5 
'6.9 

66.5 
46.3 

41.5 

45.9 
$6.4 

32.6 

34.6 
33.5 

56.4 
57.11 
59.Q 
(10.8 

30.3 
32.5 

$2.6 
63.1 

36.1 
36.8 

b1.n 

NM-1 
"-5 

""-5 
q6.T 

33.5 

50.3 

"-1 

&@.I 
*I.> 
52.2 
.P .5  
42.8 
42.7 
4Z.B 

1385.1 X5.0 
39.7 
63.6 
I&.* 
38.7 
39.7 



1315.0 53.3 
66.1. 

NU-9 
w 9  

w-9 
66.3 

1261.7 1101 
1218.9 

1248.7 

1 W d . A  13.7 
13.1 
13.2 
12.8 
l2.S 
12.7 
12.6 
13.7 
I4 ,B  

11.4 
16.1 

N*-l 

1030.1 1101 
1 0 3 0 A  
1090.6 
IOlL.0 
1031.3 
1031.1 
1031.2 
1030.1 
1029-0 

1026.6 
1027.7 

2030.0 12/12,74 8.9 1021-1 110, 
4/03/75 ai5 1021.5 

1022.6 121hn4 W-i 1101 
4,03175 NU-3 

1092.0 12112174 16.0 1076.0 1101 

1100.0 1211217a "-1 1101 

1133." 1010'.17' NY-3 1101 

w 0 9 n s  w . o i a i  1078.0 

4/09/75 NY-* 

11,01,74 ""-3 
, 12,04,76 Nlr-3 

1/06/75 40.2 1OSZ.8 
2,,I.,?S 38.9 1094.1 
3/0*,75 39.0 M % . O  
4/16/75 37.0 1096.0 
5 / 0 6 / 7 5  X7.0 109b.O 
6/11/75 $1.3 1091.7 
7/01/15 bL.1 1088.6 
8 /07 /15  69.4 1083.6 
9/05/75 49.7 1083., 

w30,,3 Z7.6 1102.* 
L13o.o Il,,awm 37.b 1092.b 1101 

I1PB.O 11/0*/7' Nu-, 11U1 
LIZM 1 2 f i ~ m  31.2 1091.3 

1136.7 11101171 15.5 1091.3 llD1 
Wi?W75 37.2 1099.5 . 

I19%.9 11/01/7* 24.7 117*.P 1101 

1195.0 11/06/71 25.5 ,>169.5 1101 

120S.r 1110117b 27.6 1177.8 11111 

1260.1 11/06/71 36.4 1223.7 1101 

L130/75 25.5 1171.G 

L1111175 N*-1 

A130175 29.5 1175.9 

5,01175 w.3 1220.8 

1261.0 1110617' 24.1 1211.q 1101 
5/01/75 32.0 1208.4 

1269.0 11/0117L 27.3i61 1239.7 1101 
4 0 0 1 7 5  o w  

L I O Z l l f .  w.5. 1103.5 
1191.0 I I I Z P n n  98.9 1092.1 1101 

i 
I 

i 

! 
i 

! 

1 

'I 

i 
! 

j! 
i: 
i' 
i 
i 

t 
1 

i '  
I .  

i 
k'  
i 
i 

: i 

i 

I :  



TABLE C-l  

GROUND WATER LEVELS AT WELLS 
SOUTHERN W F O R N I A  

981.9 12/09/71 8.2 973.1 I,,, 
1350.0 7,01175 59.7 ' 1280.3 1 1 0  

4105 /75  77.5 , 1271.5 

1257.0 1llOWTI 1'3.7 1108.3 110 
i n m s  1'9.2 iinn.8 
3,01175 151.5 I 1105.5 
L I O L I T 5  ,$,.I 1105.9 

.... 
981.9 ll/W/7' 16.0 ;;;:; itpl 

1/06/75 12.s 
3 / 0 4 / 7 5  13.7 9711.1 
5/06/75 Ia.0 969.8 
7/01/75 17.0 966.8 
9/05/75 19.1 9w.7 

1230.6 11/2E,7L -"-a ' 1101 
3/16/75 6"-1 
5/01/75 %"-I ' L03h.O .12 I IP l ' t r  NU-5 

4/02/75 66.0 

959.0 "10,,75 17.7 

937.5 4,03/15 15.9 

996.0 I2,,2,71 FLD" 
WOW75 FLOW 

897.6 lZ/lZ/7L 1.5 
4/03/75 1.2 

900.6 12/12/7& 7.a 
*,e5179 6.9 

4/03/75 18.1 

971.0 ll/PZlT' 5.9 
W O W 7 5  1.2 

2265.0 11/19/74 65.4 
4/21/75 45.0 

2040.0 11,19/,' Nu-1 
4,27,r5 NH-5 

19S3.0 11119/7r- 61.1 
*,2,175, m.7 

r'i50.a 11,19,1r 32.2 
*/21175 33.0 

1920.0 ll/l'VTI NM-2 

1'12.0 ll/OW,r. 20.9 
4/2*/E P I S  

1627.5 II/P6l7r ?5.& 
W28175 w*-1 
9,11175 6.8 

949.r 1211117~ 10.6 

i6no.e 1 1 , o m ~  47.5 
41211179 62.4 

1625-0 11/06/71 57.L 
4/2P/?S 7P.O 

11Q2.0 11/06/76 31.7 
*128175 38.7 

1513.0 11/06,7' 35.6 
4/28/75 W.7 

1528.0 11106/7n 61.3 
' R 8 / 7 5  55.5 

1695.0 11,06110 30.9 

1610.0 ll,P6,,* 76.* 

u z m 5  MS 

612R175 76.3 

1101 
970.0 

9'0-3 11B1 

911.5 l l ~ i  

I101 

896.1 1101 
896.4 

891.6 1101 
893.7 

931.1 1101 
931.6 

965.5 !in1 
96'1.8 

2219.6 1101 
zz20.0 

1101 

1889.9 1101 
1888.3 

l917?0 
1917.8 1101 

1101 

1391.1 llD, 
13m.s 

1602.1 1 I P 1  

1622.7 

1552.5 1101 
1537.6 

1567.6 1101 
1553.0 

iw.3 t i n 1  
1653.3 

11177.1 11a1 
i4b8 .3  

l W h . 7  1101 
1*72.5 

155.1 L l O l  
lL50.L 

1933.6 1101 
1531.7 

1226.* lT5.5 
176.0 
127.7 
127.5 
127.4 
127.5 
1Z7.2 
115.7 
125.0 
127.0 
1Z7.P 
128.5 

19 

I9  

19 

19 

19 

19 

122r.1 ,010'171 
1110117* 
12/04/7* 

1106,175 
2/1&175 
1,05,75 
*,OPI75 
5,09175 
6/11/75 
7/02/75 
8107,E 
4109175 

122.7 
125.7 
176.4 
125.2 
IZ5.8 
176 .G 
LP5.1 
172.7 
123.2 
172.4 
17*.9 
125.8 

'llOI.4 
1lOl.L 
1100.7 

1108.3 
1100.7 

11OL.A 

1104.2 
1102.2 
1101.3 

.iin1.9 

,1102.0 

,1103.9 

I101 

t 
I 

i 
i 

-. i 

I 
I 

1235.0 11/01/71 $2.5183 1142.5 1101 
1/06/75 36.61181 1198.4 
3/01.175 3 7 . 6 , P )  1197.h 
5/06/75 39.7(8> 1195.1 
7/01/79 Nu-) 
9/05 /75  45.8 1iev.z 

1*75.0 11/09/7L 31.1 1461.9 1101 
4/28,,5 ,a*-1 

1150.0 12/09/7b 35.0 1115.0 1101 
4/83/79 37.5 1112.5 

1140.0 1/13/75 35.0t11 1105.0 1101 

1110..* 4 1 0 3 n 5  +I*-2 ,101 

1150.0 12189/7r 38.L 1LlI-6 1101 
n o 2 n s  10.6 1109.* 

1OlY.L ,?.S 
11.5 
12.7 
13.' 
13.0 
13.5 
13.5 
13.0 
, ? . I  
11.7 
11.7 
12.5 

949.9 LID1 
999.9 

'1000.7 
1000.0 
10OO.I 
999.9 
'199.9 

,000.I 
LOBl.3 
11101.7 
1001.7 
1000.9 



u-03 
"-03.E 
"-113.E5 

2462.5 1101 
ZL62.5 

U-03.F 
U-03.Fl 

79.0 5121 

20.5 5121 

-17.4 5121 
-6.5 

-13.5 

109.5 5121 
113.1 
118.5 
118.7 
1W.9 
89.4 

51.9 512, 

56.2 
34.0 
36.7 

96.0 5121 
99.0 
97.2 
90.8 

%.a 

-13.4 5121 
-9.2 

-26.9 5121 
-25.5 

-E?.* , 
-27.9 

-50.0 5121 
-35.0 
-51.7 
-70.7 
-82.9 

203.4 5121 
203.1 
205.* 
2 0 6 2  
20r.5 

4.0 5121 

5121 

U-03.FI 

'577.3 5121 
577.2 
577." 

r577.0 

455.0 5121 
6 7 . 6  
l.59.6 
*bl.l 

286.11 9121 
289.2 
291.2 
292.9 

5121 

36b.5 5121 
367.5 
366.1 

370.3 312, 
3'0.9 
311.5 
388.6 

379.9 512, 
383.7 
38b.9 

100.0 5121 

109.0 5121 

600.6 1121 

05N/lTY-25603 5 1'1 1129.S 1/06/75 25.3 1104.2 l l p l  
lCONTlNUEOl 3101175 .P6.9 1102.6. 

5,06175 F6.6 1102.9 
7/01/75 21.6 1108.1 
9/05/75 21.0 1105;5 

OWII7U-25GOL 5 19 1135.i 12/09/74 Ne-! 1101 
1,06/75 30.9 1104.1 
'103/75 A"-9 

605.0 4/02/75 526.0 

33a.O 4,02175 309.5 

PZNl2,"-01I\01 s 56 

O2N~2lY-OBBDl 5 56 

02NIZIY-09DOl 5 56 
05Nll7U-25005 5 19 1129.0 l l l V 7 5  55.5111 1073.5 1101 

05NlllY-25WP 5 19 1235.0 12/09/74 110.3 1126.7 ,1101 
(1103/75 112.3 1122.7 

.,01,75' 23.1 1085.9 

1/03/75 11.3 1075.7 

0511117Y-36A03 5 I 9  1109.0 12/(19/7'1 23.3 108517 1101 

05N/17Y-36G03 5 ' 1 9  1090.0 1210917L 11.5 1078.5 1101 

0511117Y-3bW01 5 19 1086.2 12/09/75 lL .0  1072.2 ,101 

05NI17li-16UPS 5 19 1044.6 1U.09/74 2l.ol6, 1078.6 1101 

WOW75 NH-I 

4/03/75 NH-1 

350.0 1127/7S 367.6 
345.11 3IP1175 351.5 

6118175 358.5 
7/28/75 NU-1 

329.6 112,179 220.1 
3,26175 216.5 
4/01/75 211.1 
5/20,75 210.9 
7/28/75 221.7 
9,30175 2 * 0 2  

P2NI2IY-lOWB1 C 5 6  

1073.5 1101 

U-03.€4 

2168.1 11a1 
2768.0 

2787.2 11"1 

2788.4 1101 
2788.S 

1101 
2665.0 

2 w . r  1101 
24BL.5 

25b0.3 1101 

2kPO.2 1101 
2189.6 

w73.3 ,101 
Z476.0 

ZSC1.2 1101 

2631.8 i i a i  
ZCbb.3 1101 
PI67.1 

2453.8 1101 

404.6 . 1/27/75 308.6 
3,w*175 ' 105.6 
5,20175 307.4 
7/28 /75  313.8 

L I 3 . 0  2/11/75 kP6.4~ 
3/24/75 422.2 
6/06/75 NY-1 
7 / 2 8 / 7 5  .AH- I  

308.5 1/27/75 333.6 
3/24/79 .33L.O 
6/06/75 MU-1 
7,28179 335.9 
9/30/75 336.4 

/,' 

.. 

2025.0 11126,7*. 56.P 
4/21/15 57.0 

2825.0 L / Z 1 / 7 9  37.8 

2820.0 11,26,7* 31.6 
U21'75  32.0 

2705.0 ll/P(117& NM-1 
4/21/75 40.0 

2575.0 11,Z6,7* 85.3 
W18,75 90.5 

2653.0 81P6175 11Z.7 

2570.0 11126/7* 79.8 
4,18175 "0 .L  

2525.0 l l l 2 h n L  51.7 
' l l R h 5  '9.0 

2666.7 11/26/71 125.5 
1/21/75 M-5 

2666.0 L/ lR /75  26.2 

2500.0 l l l 2 6 / 7 4  33-7 
*,18,75 3P.I 

2483.0 1,126174 29.2 
11,8175 N*-L 

: , I  

~. . 
1 

! 

! 

330.2 1,27/75 380.2 
3/26/75 365.2 
5/20/75 381.9 
1/28/75 400.9 
9/30/75 413.1 

25Q.c 1127175 56.0 
3*2,,,5 56.3 
5/20/75 5G.O 

. 7/28<75 53.2 
9130,75 51.9 

I' I . .  

5.0 
5.1 
5.3 
5.3 

71.7 
69.1 
67.1 
bS.6 

190.8 
18R.L 
186.4 
181.7 

N*-3 

76.3. 
75.3 
76.5 

NH-1 

86.7 
86.1 
R5.5 
88.6 

111.5 
107.1 
106.5 
NH-1 

446.0 

455.0 

156.5 

2'.40.(1 iimm 3 n . 3 ~  2551.7 1101 
L119175 33.5t41 2656.5 

2480.0 11/26/76 21.6 2*SR.4 1101 

2565.0 11/26/71. ' 4 - 5  2520.5 1,101 

2500.5 11126171 "-2 1101 

2'80.0 ll,P617' uu-2 1101 

9/19/75 19.0 2G61.0 

4/14/75 rr3.3 2521.7 

4118t71 w-1 

4,19,15 33.5 2*L6.3 

OZWlOY-OWIOI F 56 526.7 2/11/75 
3/25/79 
5/21/7T 
7129t75 

U-C.3.E 

N*-2 1101 
151.5 3165.5 

58.5 3676.5 110, 

65.4 3669.6 
u"-5 

02N,19"-06w03 5 56 442.8 2 1 1 1 n 5  
3f25115 
5,21175 
8/(18,75 

2120/75 

2120175 

2120175 

21P0/75 

2/20/75 



024 /20Y- IP60L  5 56 

56  

56 

56 

557.1 3 / 2 5 / 7 5  156.6 
5120175 156.7 
7/2W75 156.1 
93/3"175 137.1 

L15.T Ll27115 Nu-1 
3/25/75 294.6 
6/27/75 296.2 
7 / 2 8 / 7 5  NM-1 

A2O.O 1 1 2 1 n 5  L5.3 
3/25/75 6L.2  
5/20115 '11.1 
7 / 2 8 m  68.0 

'28 .7  1 /17 /75  149.9 
3 / 8 5 / 7 5  LR8.7 
5/211/75 IP7.3 
7 /28 /75  186.5 

37r.6 1/09/75 409.0 

IObO.0 3/26 /15  7IB.O 

852.0 2/11/75 ZRO,L 
3/29/75 260.6 
5 / 2 1 / 7 5  262.9 
7/1'175 2m.1 

852.0 2111175 Nw-I 
6/01/75 u 0 . 0  

815.1 ',0?175 550.0 

890.6 4/02/75 623.0 

B L 0 . O  W02115 579.0 

1000.0 './0,,15 697.0 

IO'O.0 r1111175 1180.0 

090.0 2/11/15 FLOW 

7'6.0 

291.' 

10L.5 

'W.6 

2 ~ 1 . 6  

272.7 

2 3 . 6  

235.2 

205.5 

1/21/75 62.8 
3/26/75 65.0 
5127,m 65.1 
7 /27 /75  65.2 

1/22/75 115.R 
3/2h175 111.4 
5/77,75 113.6 

1/22/75 1'5.3 
'3IPh/75 139.5 
5 / 2 7 / 7 5  136.1 
7/23,75 111.2 

1/22/75 75.2 
3,?6,75 73.8 
5,z7,75 72.7 
7,27175 75.1 

1/27*75 ' .1"6.7 
3/25/75 192.8 
5/21,79 100.1 

I/ZP,75 1I)O.O 
3/26/75 170.7 
5/27/75 177.6 
7,21175 MY-, 

1,12175 '2.R 
3/2'.,75 '0.2 
5/27/75 'l." 
7,23,15 Nr-1 

1111175 , 23.9 
3/26,75 , m.0 
5/27/15 25.2 
7/2?/75 79.0 

1,22,19 ' 15.9 
3/76175 15.1 
S / Z l , T 9  7 L . O  
T/PP/75 22.9 

r e v 5  1 1 5 . ~  

U-03 
"-03.F 

8 "-03.F2 

I WO.5 5121 
* 4liD.L 
I +00.2 

400.0 

5121 
115.7 
118.9 

113.9 5121 
122.0 

123.6 

354.7 5121 
355.8 
355.9 
352.0 

238.8 5121 
210.0 
211.' 
262.1 

' 127.2 

-3A.L 5121 

292.0 5121' 

571.9 5121 
991.6 
589.1 
581.9 

5121 
4 m . e  
Z6S.Z 5121 

267.6 5121 

267.0 5121 

303.0 512, 

1*11.0 5121 

614.5 5121 
613.0 
611.3 
610.2 

< I Z I  

w 0 3 . n  

283.2 -121 
PRI.0 
280.9 , 280.8 

1 7 7 4  

175.6 9121 
180.0 

165.7 

154.2 5121 
165.0 
16B.L 
160.3 

I '.I&.' 5121 
, 415.8 

616.9 
51a.5 

8&.9 5121 
88.8 
91.5 

92.7 5121 
102.0 
'5.1 

191.8 5121 
8 I%.* 

110.2 

. 211.3 9121 
, 212.2 

: m . 6  =.lei 

210.0 ! 206.2 

190.7 
k91.5 
IB2.b 

OI'I/20l-Q3JOL C 56 762.9 l/Zo175 6L.1 
3 /27 /15  40.8 
5,22175 56.2 
7/23,79 36.0 

01N,19"-ll,oZ F 56 717.7 1,2,,75 
3,P6,75 
5 /22 /75  
7/29/75 

IIN1191-I5EOI F 56 102.6 LI20175 
3 /27 /77  
5/22/75 
7/23/75 

190.1 
189.6 
1BR.B 
180.0 

143.5 
113.4 
145.2 
1'5.5 

35.5 
33.5 
33.5 

*in-I 

172.6 

59.T 
59.3 
37.5 
57.9 

16.2 
13.1 
13.3 
13.7 

16.9 
LS.0 
15.1 
15.7 

65.9 
66.1 
65.3 
66.4 

8.8 

10.6 
22.3 
24.8 
29.0 

25.8 
26.1 
26.3 
28.5 

62.0 

58.3 
61.3 

6A.2 
67.8 
63.9 
63.8 

59.8 

70.2 
67.3 
68.5 
71.1 

b6.2 
61.8 
61.6 
61.5 

33.5 
31.0 

29.9 
18.2 
21.5 
2a.u 

NU-1 
HY-I 

HH-I 
29.0 

U-03 
U-03.F 
U-03.F* 

641.5 5121 
MZ., 

714-1 
708.7 
706.9 

707.8 5121 
707.8 
707.R 
707.8 

U-01.FS 

698.8 5121 

428.5 5121 
429.0 
629.8 
430.6 

573.7 5121 
573.8 
51e.n 
971.7 

6'1-9 5121 
663.9 
643.9 

387.5 5121 

U-03.FT 

979.7 51z1 
980.1 
981.9 
981.4 

11101.3 5121 
1ao2.4 
1002.2 
IO0L.P 

1030.9 5121 
1032.6 
1031.7 
1032.1 

687.5 5121 
687.3 
688. I 
6 9 T . t  

Zb5.6 512L 

767.1 5121 
755.6 
752.9 
?&#.I 

761.2 5121 
760.' 
760.7 
758.5 

877.2 5121 

800.9 
1177.9 

Bl9.0  5121 
8m.a  
819.7 
819.4 

U-03.F8 

815.0 5121 

876.7 
876.1 

699.8 5121 
702.2 
702.0 
702.5 

a,*.+ 5121 
R7h.Q 

am-9 

nrz.7 5121 
8w.L 
801.1 
876.6 

5121 

1119.5 

,i I 
! 

I 

D L 
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TABLE C- l  I 

GROUND WATER LEVELS &AT WELLS 

,,s,,7*-366B5 c I 9  218." *l,l98,'# , N Y - I  
12110/,1 "-1 
1**9,,5 w-1  . 
3,27,74 61.5 
Wll /7$  63.3 
5/07/15 63.5 
6/0*,75 63.5 
7/09/75 b3.h 
8/06/75 63.5 
9/0w,r 63.0 

59.6 
60.1 
b0.2 
60.b 
61.0 
60.3 
60.6 
60.9 
60.8 
61.1 
61.0 
61.0 

"-0' 
"-06.6 
"-W.A, 

8 w ~  
878.5 

"-06.IC 

a71.1 l lOI 
47rt.L 

1101 

156.5 
154.7 
15L.5 
154.5 
15i.L 
154.5 
155.0 

215.1 1101 
215.5 

250.6 2a9.9 1101 

P'4.* 
2W.6 
249.0 
249.7 
2*9.* 
2'19.1 
249.2 
2'8.9 
249.0 
249.0 

"4I.15 

1101 

"'01.8 
"-0L.0 ,  

,.A '. 72.2 1101 
1B.0 70.0 

15.4 **.O 1101 
15.0 64.4. 

12.1 51.7 1101 
11.8 52.0 

17.6 17.4 1101 
17.2 17.8 

11.6 8.1 110 
11.7 ' 8." 

12.6 9.3 110' 
12.8 9.1 

9.0 7.3 110 
9.2 7.1 

7.4 5.1 110 
7.6 4.9 

8.8 6.* Ita 
8.6 6.6 

13.6 I.* 110 
13.6 7.1 

. i . P  I10 

7.5 5.5 110 
'7.3 5.7 

2.9 9.6 I I O  
0.*161 12.1 

.5*l 6.0 8." 

t page 73 for key to terms a nbbrsviotionn -119- 







i TABLE G-I  
GROUND WATER LEVELS AT WELLS 

95.0 5/30,75 1311.711) -35.1 1101 
7 ~ n 2 1 7 5  11ts.1t51 .-i0.7 
9/08/75 109.7151 -16.7 

114.2 i i i o w i x  1 2 ~ 7 ~  

112.8 ll ,OL,7X UZ.,, 

116.7 11.106/?* 117.6 
8/13/75 ,118.9, 

156.5 7/15/74 152.3: 

135.7 7 / 0 8 / 7 5  129.8 

169.0 I O / O t n &  163.1 
151.0 .11106/74 146.2 , 
169.0 12/Zbl74 163.1 

1,29,,5 163.0 8 

2/26/75 104.2 
3/25/75 162.5 

151.0 6/2*,75 163.3 
7/P')/75 1611.1 
8/26/75 172.5 

152.2 10102171 147.5 
lllZ617L 1'6.6 
12126,7, 146.* 
1/29/75 Ib6.4 
2,8wr5 146.7 
3/25/75 1'6.2 
4t30175 1'5.7 
5/211/75 116.6 
6 / 2 6 / 7 5  IS7.6 
7/29/75 167.5 
8/26/75 155.4 

-10.5 5050 

4.3 5050 

-e.') 5050 
-2.2 1101 

6.2 ,101 

-z.5 11s1 
-3.5 
-1.8 
-1.6 
-2.0 
-1.6 
-1.6 
-2.6 
-3.6 
-2.8 
-5.0 

-3.5 5050 

-8.9 5050 

1.5 5050 

6.9 5050 
5.5 l l U l  

3.1 5 ~ 5 0  

4.9 50% 

4.6 1101 
5.6 
5.7 
5.8 
5.' 
5.9 
6.5 
5.7 
L.7 
6.6 
-3.0 

5.9 1101 

5.9 , , D l  

5.9 1101 
6 . 0  
1.8 
6.5 
5.7 
4.5 
-3.5 

3.7 ,101 

*.7 1101 
5-6 
5.8 
5.8 
5.5 
6.0 
b.5 

4.8 
*.? 
-3.2 

h.8 5050 

5.8 

1101 

-16.2 LlOl 
-2o.z 
-2e.2 
-15.2 
-20.2 
-20.2 
-16.2 
-17.2 

76.3 1101 
76.6 
-22.3 

70." 1012w711 103.5 

46.0 11101/75 72.8 

66.0 10128171 m.9 

115.0 l0/22/74 113.9 
121.0 t l / lS/ ' l  119.5 

112.3 1P/QZ/74 105.9 
11/96/r' 105.7 
12/26/71 105.3 

1/29/15 105.7 
2/26/79 105.6 
3/25/75 1115.4 
6130175 105.P 

b/PL)75 111.3 
712'1R5 105.1 
8 /26 /75  105.0 

5/28/75 1 w . 0  

127.1 10/02/74 116.2 
11/26/74 115.8 
12126/7* 115.7 

1,29175 115.6 
2/26/79 115.7 
3/25/75 115.4 
6,30175 115.3 
5/28/75 122.6 
6 /26 /75  125.1 
7/29/75 115.1 
8 /26 /75  l l G . 8  

121.5 10/02f7L 111.9 
11126/7* 111.7 
l2/26/7Y 111.4 

2126r75 11 I r4 
3/25/75 l l l . 2  
4130175 111.2 
5/28 /19  117.3 
6/21,75 119.8 
7/29/75 111.2 
8/26/75 1II . l .  

iowrs 1ii.r 

109.3 10/22/7* 99.3 

112.6 1V2217' 106.5 

107.6 IPl22/74 99.1 

12.5.2 10122/7' 114.1 

129.9 10/22/7r 11R.6 

119.1 1<02/75 106.9 
8120 /75  106.0 

-33.5 sa51 

-26.8 505, 

-29-9 505i 

1.1 505, 
1.5 l i o i  

6.' 110 
6.6 
7.0 
6.6 
6.7 
6.9 
7.1 
3.3 
1.0 
7.0 
7.3 

110 
5.c 

110: 
5.9 

b.7 505, 

2.5 5 0 5  

'-3 , l o :  

5.2 110, 

2-7 5051 

51.1 130, 

5.0 51151 
5.8 110, 

10.9 IlBl 
11.3 
11.4 
11.3 
ll.* 
11.7 
11.8 
4.5 
z.0 

12.0 
12.3 

* .B  t l 0 l  
5.0 
s.4 
5.2 
5.1 
5.4 
5.3 
5.0 
3.B 
5.0 
5.9 

9.6 1101 
9.8 

10.1 
9.8 

10.3 
1Q.3 
4.2 
1.1 

l(L.3 
10.6 

10.0 5051 

6.1 5051 

8.5 505' 

12.1 505I 

11.3 505L 

f2.* 1x01 
23.3 

12.6 1101 
12.7 
12.6 
1Z.' 
11.6 
11.9 
13.1 

in.1 

422. I Pow 79 for hey b !emu a abbraviolions 

I 
1 

! 



"-05 
u-05.a 
u-05."2 

6.1 1101 
2.9 

13.3 
13.8 

6.3 1101 
6.4 
5.5 
6.6 
5.2 
6.7 
6.7 
6.7 
6.9 
6.5 
6.9 

11.9, 1101 
12.0 
11.7 
11.5 
11.7 
11.9 
IZ.3 
7.z 
4.7 

12.9 
13.0 

12.1 llDl 
12.0 
11.4 
11.3 
11.1 
11.7 
11.9 

8.0 
5.6 

12.4 
12.5. 

13.1 ;,Dl 
13.2 
13.11 
12.6 
12.7 
13.1 
13.3 
6-9 
4.6 
14.0 
1b.2 

8.9 1101 
9.0 
9.0 
9.0 
8.9 
9.1 
9.2 
7.3 
5.5 
9.3 
9.7 

11.5 ,101 
11.3 
10.3 
10.3 
10.3 
10.5 
10.9 

8.1 
6.7 
Tl.6 
11.6 

lA.0 ,101 

13.6 ,101 
13.5 
13.1 
13.5 
13.2 
13.5 
13.5 
12.8 
10.6 
13.7 
13.9 

19.6 505q 

11.1 ,101 
11.2 
10.0 
9.') 
10.1 
10.6 
8.9 
7.1 
11.3 

119.3 5/28/75 113.2 
6,PL/75 116.L 
T,P4,75 106.0 
8/26/75 l"5.5 

m.1 10/2117* 

103.0 1012117* 

103.8 7/08/75 

103.P 7/08/75 
8 / 0 5 / 7 5  

LD3.S 1/08/75 

103.8 8 /05 /15  

12.817) 91.5 505' 

18.9171 8L.I 505' 

9 , s  9.3 110 

91.6 9.2 110 
92.9 10.9 

%,I 4.4 i i a  
93.2 10-6 110 

87.7 10.5 110 
88.3 9.9 
89.5 . ' 8.1 
89.6 8.6 
84.6 8.6 
89.L 8.8 
88.7 9.5 
90.0 8.2 
91.6 6.6 
88.1 10.1 
88.2 10.0 

111.2 10102/7l 99.1 
11,26114 9P.2 
12,%/74 '9.8 
l,F9/75 p9.9 

3/25/15 9P-5 
4/39/15 99.3 

6/86/79 105.6 
7,29/75 98.8 

2/26/75 99.8 

5/28/75 103.2 

8/05/71 98.7 

98.2 10/02/74 
11/26/74 
12/26/74 
1/29/15 
2 /26 /75  
3/25/75 
4/30/15 
5/28/75 
6/21/75 
7/29/75 
8 /P6 /75  

81.7 10.5 110 
BR.1 10.1 
B8.B 9.1 
n8.9 9.3 
B9.O. 9.2 
88.4 9.3 
88.1 10.1 
89.1 9.1 
90.5 7.7 

87.7 10.9 
87.6 10.6 

98.P IO/OL/7* 
L1/26/76 
12/26/74 
1/29/75 
2/26/75 
3/25/75 
4/30/75 
5/28/75 

7 /29 /75  
*126/75 

~ 2 ~ 7 5  

90.0 8.6 11c 
90.3 8.5 
90.7 8.1 
90.9 1.9 
91.8 7.8 

90.0 8.8 

91.8 7.0 
a9.3 9.5 
89.8 9.0 

90.8 8.0 

90.6 8.a 

86.5171 66.1 50: 

123.4 10.5 50: 

139.6 9." 50! 

1*6.5 9.4 111 
145.7 10.2 

1bS.9 9.8 50' 

I65.6 10.1 118 

151.2 10121171 

133.9 10/21/76 

149.0. 10121171 

155.9 1/01/75 
8/05/75 

?55.7 10/21/74 

I%., 8 / 0 5 / 7 5  

148.3 9.0 11' 
1'9.1 9.0 
1%9.4 8.7 
l U . 6  9.5 
; w i g  ' 8.6 
lL9.6 8.7 
1~3 .7  ').* 
169.6 8.5 
150.8 1.3 
148.5 9.6 
119.3 8.8 

139.5 ' 18.6 11 

139.8 18.3 
139.9 1e.z 
L4P.O 18.1 
140.0 18.1 
139.9 1n.2 
1'0.3 17.8 
1w.4 17.7 
n9 .e  ' 18.3 
110.9 17.2 

139.8 18.3 

1W.0 6.9 50 035/15Y-lbJOL F 19 

0,5,15"-LICOb F 14 Il',.f, 7.R 11 
113.7 8.7 
I l 4 . l  8.3 
114.0 II.* 
114.7 8.2 

,a2:,. ,OIDP,74 
,112611' 
12/26/71 
1,29175 
2/26/75 



TASLE C-l  
GROUND WATER LEVELS AT WELLS 

"-05 ' 
"-09.4 
U-05-42 

u-05 
U-05.I) 
" 4 5 . A Z  

6.1 1101 
5.9 
6.2 
6.0 
6.1 
5.3 
6.3 
6.3 
1.7. 

7.4 1181 

7.8 5090 

5.9 1101 

6.7 l l D l  
7.0 5050 
7.0 1101 
7.6 
7.3 
7.5 
7.8 
7.1 
6.7 
7.2 
5.1 

8.5 ,101 

1.1 1101 

7.3 1101 
7.1 
7.8 
8.1 
8.7 
7.0 
7.8 
*.I 

7.7 1101 
T.3 
8.3 
*.I 

6.8 1101 

6-9 1101 
6.9 5050 
1.1 1101 
7.1 
7.r. 
7.8 
7.6 
6.6 
7.4 
1.3 

5.1 SPSO 

6.9 5050 

6.5 1101 

5.7 5050 

8.2 1101 
8.3 sa50 
8.8 ,101 
9 2 
9.1 
9.4 

10.1 
9.5 
7.6 
8.6 

6.6 

122.' 9 /25/75 i l i . 1  
4,3"/75 111.3 
5/28/75 115.5 
6111,75 l l L . 5  
7/29/75 113.3 
8,226/75 t l l . 0  

90.0 11/26/71 83.9 
12126174 %.I 

2 / 2 6 / 7 5  83.8 
1,25/75 81.0 
6,38175 83.3 
5/28,75 04.7 
6/24/75 83.7 
7/29/75 83.7 
8/2*/75 85.3 

, 8.3 1101 
8.1 
6.9 . 7.9 
9.1 
8.6 

122.4 10102/71 l I * . 6  
11/26/7* 108.9 
12,26/7'1 109.0 

1/29/75 108.6 . 2lP6/75 109.0 
3/25/15 100.9 
*,31),75 to9.s 
5 n w 7 5  110.1 
6/2',,5 10R.9 
7129,75 10R.. 
8/26/75 108.8 

7.8 1101 
13.5 
1J.L 
13.8 , 13.1 
13.5 
12-9 
w . 3  

> 13.5 
* 1lr.O 

.13.6 

125.9 10102,711 111.9 
11/26/74 111.4 
IZ/Z0/71 111.3 

1129,115 111.2 
2 /26 /75  111.3 
3/25/75 111.2 
,130175 111.6 
5,28179 I l l . .  
w21175  111.3 
7,20175 > , 0 . 7  

1 I * . P  11.01 
16.5 
16.6 

I1L.T 
15.6 
11.7 

1 14.3 
11.5 
14.6 

I 15.2 90.0 7 ,03 /75  81.5 

135..4 12/18/7*. 120.3 
7,08,7S 128.8 

125.9 i o a w 7 6  its.) 
11/26/71 118.2 
12/26/14 118.6 

1/29/75 lis.6 
2,26175 118.8 
3125,15 118.5 
4/30,75 119.9 
5/28/75 119.6 
6/24/75 11?.5 
7/29/75 i t 7 . n  

7.8 1101 
' 7.7 

7.3 
7.3 , I . ,  
7.b 
6.0 
6.3 
6.'. 
8.1 

71.0 1 0 I O E I l 4  63.? 
1129T75 63.9 
P,PL,,S 63.2 
3/25c15 62.9 
!V28 /75  62.8 
6121175 64.0 
7/29/75. b3.P 
8/26/75 66.9 

7.1 1101 
7 . 5  
8.2 
8.7 
8.4 
8.4 
8.6 
8.1 
7.3 
8.7 
8.5 

73.6 8/12/75 66.6 

119.V IO l02 l71  111.9 
ll/Z617L 110.6 
l Z l P O l 7 '  111.6 
1/29/75 110.6 
2/26/75 110.8 
3/25/75 110.7 
4/31/75 110.7 
5/2*,75 1 I I . L  
6/2W75 111.1 
7129175 110.3 
8 m m  110.5 

8.5 r i o i  
9.3 
8.3 
9.3 

I 9.1 
I 9.2 .. 

n.11 w o ~ m  67.9 

72.5. 11/07/76' 65.6 

1 3 7 3  1/08/75 131.3 

76.6 11107f14 172.3 

9.L 
8.5 . 8.8 
9.6 
9.1 

70.6 l Q l O Z l l l  62.4 
11/01/14 62.9 
12/26/71 61.8 
ll29/75 61.6 
2 /26 /75  61.5 
V 2 5 1 7 5  b1.Z 
W30175 60.5 
5/28/77 61.1 
6 /24 /75  bl. 0 
1129/75 62.2 

156.0 12/,2/7* Nu-5 
1/14/75 152.9 
3/31/75 Nu-5 

Ll(l1 
1 3.1 

62.0 1110117L 
1/02/75 
3 I (I 5 I I5 
5/0 , ,75  
1 /07 /75  
9/02/75 

7*.5 
65.5 
6 7 3  
72.5 
85.5 

136.511, 

-12.5 l l D l  
-3.5 
-5.5 

-1D.5 
-23.5 
-75.5 

8.1 
8.Q 

j .8.3 
, 8.5 

8.6 
6A.z 10,02,7* sa.* 5.8 1101 

1110,nr  58.3 5.9 5ose 
1P,Pf.,7' 57.5 6.7 1101 
2 /26 /75  57-5 6 . 1  
3,25,,5 57.1- 7.1 
W30175 56.3 7.9 
5 / 2 W 7 5  56.9 7.3 
6/21/75 58.2 h.0 
7/29/75 57.7 6.5 
8/26/75 63.5 0.7 

8.G 
8.1 ' 8.5 ; 7.9 

58.2 1010217L 53.2 5.0 1101 
11/?6/7* 52.5 5 -7 
12/26/74 52.3 5.9 

1,29175 52.0 6.2 
212.5175 52.2 6.0 



TABLE. c-I 
GROUND LVATER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

58.2 3/25/75 51.8 6.4 1101 
lr/30/75 50.9 7.1 
5/28/75 51.6 6.6 
6/24/75 52.8 5.6 
7129175 52.2 6.0 
8,26/75 58.11 -0.2 

15.6 10,Z'lTI 97.6 -82.0 5050 
7.1 11115/7L 16.3 -8.6 1101 

38.0 10/19/71* 
l l /ZW76 
12lEOlTI 
3/14/75 
1/25/19 
5/16/75 
6/27/75 
7,18,15 
8122,79 
9 l lP I75  

'4.0 
43.2 
44.0 
15.0 
11.1 
41.0 
44.2 
4L.2 
44.3 
66.0 

-6.0 4206 
-5.2 
-6.0 
-7.a 
-6.1 
4 . 0  
-6.2 
-6.2 
-6.3 
-6.0 

38.7 1O/PW74 66.2 -27.5 5050 

25.5 10,03).7h 101.6IBI -76.1 ,101 
ll/Ohl74 101.718I -76.2 
I Z 4 3 I 1 4  102.618) -77.1 
1106175 101.6rBl -76.1 
2/05/75 100.6(81 -75.1 
3/17/75 98.3181 -72.8 
W1*175 98.818) -13.3 

6/09/75 97.710) -72.2 
7lllR1?5 101.8181 -76.1 
8/07/75 10L.110I -78.6 

5/06/75 W.O(BI -n.s 

9/01175 1 0 3 . 1 ~ 8 ~  -77.6 ' 

22.0 1013017h w - 4  5050 

20.3 lO/O,,,L 90.ll81 -69.8 1101 
lllle,,' 90.6181 -70.3 

8.P 11/18/7* 50.5 
4/07/15 50.3 

18.0 4107175 13.1 

18.0 10103171. 13.3 
ll/IRI,X 13.k 

12.1 1111W711 25.0 

13.5 110,175 t.z.1 

23.0 1010717L 10.8 
11,111171. 11.3 
4/"7,75 N*-9 

25.7 11/12/76 139.6 

WP7/75 2+.5 

30.. 1l/Dll,7* 58.7 

27.1 10/0117+ 12'1.0 
11/0.17* 130.0 

25.0 11/12/74 61.1 

26.0 11/1217+ R3.5 

28.0 11,1R/TI 16.3 
4,011115 NY-9 

35.0 IDIIW7L 62.4 
11123176 63.0 
12,20171 62.9 

1/31/75 62.G 
2121175 62.1 
3,1'r,79 N*-P 
+125/15 6 I . I  
5/11/75 so.+ 

3 3 3  6 /27 /75  61.0 
7,18175 61.6 
8/27/15 61.9 
9/191?5 62.8 

29.0 10/0?174 58.6 
lllOR171 61.1 
12121(174 SR.5 

1115n5  62.7 
28.5 2,20175 57.6 
29.D 3/19/75 62.6 

b109/75 60.8 

-'1.6 1101 
-GI.* 

ri.9 1101 

4.7 1101 
A.6 

-12.9 1101 
-12.4 

48.8 1101 

12.2 1101 
11.7 

-11*.1 5050 

-28.9 5050 

-101.9 5061 
-102.9 

-36.1 505D 

-57.5 5050 

11.7' 1181 

-27.1 *206 
-2a.a 5050 
-2.r.9 4206 
-27.4 
-27.1 

-26.I 
-2s.- 
-27.7 

-28.6 
-29.5 

-28.1 

,5050 

-27.0 1101 

-31.11 5050 

-30.6 1101 
-29.3 

-29.6 '206 
-39.1 5050 
-29.5 6206 
-33.7 
-29.1 5000 
-33.6 *LO6 
-31.8 

+.a 

27.6 5*21/75 
6/L5/75 

28.5 7129/75 
27.4 BlZDI75 

9/26/75 

**.-I 10,01/7' 
llJ"6,7' 
12/0,174 

1/06/74 
2/05/75 
3/12/75 
L115,75 
5,08174 
6/0Wls 
7/08/75 
8/07/75 
9/05/75 

56.r -28.7 &206 
55.9 -28.5 
56.8 -28.3 5000 
55.7 -28.3 G2Db 
55.8 -28.4 

5.5 20.4 110, 
2.4 23.5 

125.1 -98.1 5050 

128.7 -102.7 50% 

133.2 -106.z 5050 

1 Z R . 1  -1W..r 50% 

167.8 -1lT.8 5061 
15G.8 -13L8 

59.3 -37.3 5050 

b2.I 62.a -37.b -37.4 1101 

53.6 -31.s SPSO 

bC.2 -27.9 LICL 
43.6 -27.3 

63.5 -1b.3 1101 

126.0 -101.w 506, 
126.0 - l o r . @  5050 

130.1111 -103.4 5050 

99.1 -59.1 5050 

105.5 -bl.2 1101 
102.5 -58.2 

107.2 -62.9. 
106.6 -62.3 
105.0  -60.7 
105.7 -61.- 
103.3 -59.0 
102.5 -58.2 . 
106.8 -61.9 
w-' 
107.6 -63.1 

ia7.3 -63.11 

99 .D l i i1  -59.0 5050 

10"s -67.5 5D50 

40.2 -ZL.P' 1101 
40.4 -21.* 

131.1 -96.1 5061 
131.1 -96.1 5050 

81.118)  -7.1 1101 

116.6 -95.6 5061 
116.6 -95.6 5050 

116.8 -96.8 5061 
I l b . 8  -96.8 5050 

122.8. -92.8 5061 
122.8 -92.8 5050 

129.3 -95.3 5061 
132..1 -98.1 5050 

126.5 -95.5 505C 

1'3.0 -103-2 505< 

116.2 -96.2 5061 
w1u-1 5e51 

116.2 -96-2 5061 
Nn-I 5051 

IIu-P 5061 
""-9 

*,.I -27.9 LID> 
48.6 -2n.8 

3% -18.3 I I O I  
36.0 -18.9 

$7.9 -30.6 1101 
67.6 -30.3 

29.') -1e.9 1,Ol 
30.0 -13.0 

37.9 -21.6 1101 



"-05 
u-I15.* 
UWilS.AZ 

.-21.7 1101 

-15.8 l l P 1  
-35.3 

-93.8 5061 
.-94.5 

-91.9 50511 

-9%.b 5050 

-31.4 505s 

-38.6 110, 
-39.2 
-39.3 
-39.1 
-39.3 
,-39.0 
.-3a.9 
'-38.3 
.-%.e 
.-34., 
.-39.2 
.-3ll.5 

U-05 
U-05.h 
u-05.. 

I".* 
-35.0 
-34.2 
-34.7 
-35.1 
-35.2 

-27.5 
-27.7 
-2e.2 
- 8 8  

-28.1 
-21.5 -m.* 
-28.3 
-28.2 

-2p.0 
-22.6 
-22.8 
-%.I 
-25.3 
-25.9 
-2'. 7 
-24.6 
-25.0 
-8G.B 

-32.6 
-33.0 
-13.2 
-33.1 
-32.8 
-a?. 5 
-32.3 
-31.6 
-31.8 
-32.0 
-32.0 
'32.2 

-112.8 

-19.7 
- W . R  
-*1.1 
-41.2 

-91.5 

-63.2 
-*3.3 
-43.7 
-63 .0  
-a., 
43.8 

-25.6 
-26.1 
-26.6 
-26.0 
-25.8 
-26.2 
-25.9 
-26.0 

-34.2 
-36.5 
-34.4 

-26.0 
-26.1 
-26.2 

-93.1 

-37.3 

-38.6 
-39.4 
-39.rr 

-21.5 
-23.9 
-23.7 

-$a:, 

-94.8 

69.8 
09.v 
49.1 
69.6 
90.0 
50.1 

42.4 
42.6 
*3-1 
b3.7 
43.2 
*3.* 
42.6 
*2.R 
13.2 
13.1 

36.9 
37.5 
17.7 
b1.6 
10.2 
40.8 
3*.* 
39.5 
34.9 
39.7 

'7.3 
17.7 
(11.9 
'7.8 
47.5 
67.2 
47.0 
46.1 
46.9 
*6.7 
b6.7 
4 6 9  

74.1 

51.' 
54.5 
56.8 
54.9 

130.7 

82.2 
82.9 
82.7 
82.0 
82.7 

39.' 
37.6 
37.8 
37.6 
37.0 
37.4 
37.1 
37.2 

$7.6 
47.9 
67.11 

34.9 
35.1) 
35.1 

102.1 

51.1 

52.8 
53.6 
53.6 

37.7 
38.1 
37.9 

82.8 

1s.n 3/28/75 
L122175 
5/29/75 
6/27/79 
7,25975 
8,28175 

1-38.0 1101 
:-%.e 
-38.6 
.-39.* 
1-33., 
h7.9 
.-17.& 
p7.s 
:-38.2 
.-3fl.2 
;-3e.1 

13.3 12/12/74 52.G 

35.7 1012317L 73.0 

,-39.1 1101 

1-31., 5050 31.3 IZ1lP/?S 

1-97., ' 2 0 6  
1-97.8 
1-96.8 
1-97.3 
.-9'.0 
,-91.3 
(-91.8 
,-93.2 

1-97.6 
.7100.7 
w99.7 

;-9o., 

500e 
1-96., 
,-')2.* 
1-95., 
1-91.5 
.-91.a 

-101.3 
-101-2 
-102.1 

,-%.I 5050 

-27.1' 50511 

-24.2 5050 

1-95.3 5050 

-27.7 1101 

.-25.6 50% 

'A5.5 5050 

yz,.., 511511 

11.0 1" /31 /74  
11.2 3/16/75 

4/25/75 
11.6 5/16/75 
11.2 6/27/77 

7/18,75 
III2P175 
9/19/75 

--21.6 LBO6 
-21.6 5050 
-21.8 LZOb 
.-az.0 
-2z.4 
-22.2 
-23.9 

11.9 ,n,3,/7r . Q R . I  
11,26,7* L8.9 

1/01/15 90.7 
2/06/15 90.2 

-3.5 1101 
-3'4 
-15.8 
'-35.3 



TABLE .C-I , 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

"-05 
"-OS.* 
"-05.nP 

-21.5 1101 

-26.L 5050 

-30.0 1101 

29.0 5050 

-39.8 1101 

-1w.3 9061 
-121.3 

-15.0 1101 
-*B.z 
-18.6 
-19.1 
-19.3 
-19.6 
-19.9 

4 6 . 1  ,101 
-36.3 
-36.6 
-36.2 
-36.2 
-36.6 
-36.6 

.-Z1.3 L l D l  
-21.* 
-21.6 
-22.0 
-22.1 
-22.2 
-22.* 

-19.0 ,101 
-15.2 
-15.5 
-16.2 
-16.3 
-16.6 

-7.3 ILOl 
-8.0 
4 . 8  
-9.4 
-9.6 

'10.0 

-7.6 ,101 
-7.9 
-8.3 . 
-6.6 
4.9. 
-7.t 
-7.5 

-5.7 ,101 -*., 
-7.7 
-5.1 
-6.1 
4.3 

-7.8 1101 
-8.2 
-8.8 
4.3 
-9.7 

. -9.9 

-11.2 l i d !  
-14.9 
-12.3 
-12.0 

-13.3 110 
- 1 I . C  
-10.4 

-10.7 110:  

-6.0 lloi 
4 . 5  
-7.3 
-7.3 
-7.6 
-8.L 
-8.3 

4 . O  110 
-8.0 
-9.0 
4.7 
4.6. 
-8.6 

-8.G 110 
-8.6 
-9.6 

"-05 
"-05.4 
U-(15.&2 

5061 

-9L.I 5050 

4 3 . 4  w 5 0  

-36.2 lllll 
-37.0 
-37.3 
-37.4 

-21.6 1101 
-21.6 
-21.3 
-21.5 

-51.6 ll01 
-54.5 
-5C.7 
4 L . I  
- 5 L . 4  
-56.0 
-53.k 
-55.2 
,-%.I 
-56.1 

41.6 ,101 

-*&.I 11111 
-45.3 
d.S.7 
-46.8 
-&/,.a 
-*7.z 
4 7 . 2  

-41.3 1l"l 
4 1 . 9  
-45.7 
-61.4 
-62.7 
-*2.9 
-43.0 

-65.6 11*1 

-4*.* 1101 

-49.2 1101 
-48.9 
"9.7 
-49.8 
-LR.5 

-49.3 

-42.L 5050 

-79.1 5050 

-51.5 5050 

-*,.I ,101 

1101 

-59.3 5050 

-71.9 5050 

-3.5 51150 

.-7c.5 5061 
-6,.', 5050 

56.7 

L7.8 

51.7 

6.4 

82.4 

169.0 
16P.O 

L S . 5  
66.7 
47.1 $,.* 
67.8 
48.1 
48.G 

75.8 
75.4 
75.7 
75.3 
75.3 
75.5 
75.7 

'7.9 
'8.0 
LR.P 
48.6 
58.7 
'.e." 
59.0 

36.6 
36.8 
37.1 
37." 
3,.9 
38.2. 

25.8 
25.9 
26.7 
27.3 
n.5 
27.9 

21.8 
22.3 
22.1 
21.0 
P1.3 
21.5 
21.9 

19.8 
20.4 
21.8 
19.2 
20.2 
2O.L 

21.9 
22.3 
22.9 
23.k 
23.8 
24.0 

25.2 
28.9 
26.3 
2 6 . 0  

27.3 
27.6 
24.* 

21.7 

18.6 
19.1 
19.9 
19.9 
20.0 
21.0 
20.9 

21 .0  
21.0 
22.0 
21.7 
2l.b 
21.e 

21.' 
21.A 
22.6 

11.7 6/23/75 b9.9 
7/28/75 50.7 
8/24/15 51.0 
9/30,15 51.1 

13.7 6/23/75 35.3 
7/28/79 35.3 
8 / 2 5 / 7 5  15.0 
9/30,75 35.2 

28.5 10,29/7' 
lll25/7L 
1212317L 
6 , 2 3 0 5  
7,28175 
8/25/75 
9,30175 

34.9 10/31/74 BA.5 
11,26171 89.4 
1/03/75 89.6 
2/06/75 89.3 
3,28115 89.3 
4/72,75 88.9 
5/29/78 88.3 
6 /21 /75  -0.1 
7/29/15 41.0 
812R,75 41.3 

36.9 12,12174 86.3 

11.5 10/?V9/76 77.5 
11125171 78.7 
,2,27,7b 79.1 

6 / 2 3 / 7 5  78.2 
1 / 2 8 / 7 5  80.2 
8125175 RD.6 
9130175 R0.h 

3J.L 10<29/71 7'1.1 
11,2517L 75.3 
12/23/71 79.1 

6 /?3 /75  75.3 
7128175 76.1 
8125,75 76.3 
9/3",,5 76.11 

42.6 12/31/71. 88.2 

62.6 12/11/7L 87.0 

e6.1 10/03/7L . 95.3 
11,06/11r 95.0 
12/03/74 95.8 

1,06,,5 . 95.9 
7104115 95.6 
8107,75 "-9 
9105175 95.1 

45.0 10122171 87.6 

37.0 10/2%7* 116.1 

31.7 lO,P3/1~ P9.2 

26.1 ll,Oi),TI 69.2 

29.3 ,1111111 NU-? 

rl.O 11,07/79 100.3 

AO.6 11107/7L 112.5 

w . 2  11/0717* '3.7 

35.a 10131/7' 109.5 
1110117* 102.4 

37.1 10m1171 98.1 
37.0 11/01/74 . q7.1 
31.1 12I28171 l"l.2 

5,30175 45.3 
6/25/75, 100.9 

, 7/2**75 LO*.* 

91130175 101.7 
n m m  103.0 

-61.0 l2oU 
' - 6 D . l  5050 
-66.1 1200 
-58.2 
-63.8 
45.3 
-65.9 
-6b.6 

12.6 1012'17' 
11125f74 
I2123,7L 
6,23/75 
7,211175 
8 / 2 5 / 7 5  
4/>8,75 

n . 0  10,3117L 
,lJ26/7' 
Il"llT9 
6,27115 
7!29/7'i 
8 /28 /75  

22.0 P1.9 
81.7 
A I . 0  
P2.O 
83.9 
15.7 
84.6 

-59.9 
-59.7 
-6Z.O 
4 0 . 6  
-6, .4 
-63.7 
-62.' 



TABLE C - I  

GROUND .WATER LEVELS AT bVELLS 
SOUTHERN CALIFOiiNIA . , 

GROUND 
SURFACE 

SURFACE 
~ ~ € 7  

WWND 
SURFACE StWLY- STATE WELL 6 IUilFACE 

Y Q W FEE7 ;m:kF, IN FEET DATA z lli FEET IH FEET M I A  

wow0 WATER AOENCI GR311ND ' 
STATE WELL E SURFACE DATE TO WATER yk7 OAT' 3 5 ELEVATIOH MUUQER a 2 ELNAIKIH LLEV. ING NUMBER 

"-05 
"45.1 
u-09.liz 

-1013 1101 
-la.'. 

-e.* 110, 
-8.b 

-1*.2 
-7.9 

-1 0 A 
-10.2 

-9.1 *lo, 
-3.6 
-5.6 

-92.7 6058 

-z3.0 5040 

-11.0 5050 

-50.1 1101 

-42.6 
-rr3.7 

-1'f.o LlDl 
-18.0 
-18.6 

-18.0 1101 
-17.6 
-17.9 

-*2.2 110, 
-43.3 
-64.- 
-44.3 
4 5 . 3  
-w.7 

-*i-a i i m  

4 G . 2  1161 
-65.0 
-65-5 

-17.9 1101 
-18.2 
-18.3 

-37.7 1101 
-384.7 
-39.1 
-39.0 

-37.8 LlO, 
'38.7 
-39.2 
-39.1 

-75-9 5051 

-16.2 50% 

-17.9 110) 
-Is., 
-10.3 

-22.1 4208 
-23.6 
-22.1 
-22.5 
-23.0 
-21.9 
-22.0 
-22.1 
-21.5 
-21.9 

-80.7 585,  

-29.6 5051 

-20.3 505, 

-14.4 5051 

-IT.& 505, 

-12.1 5115 

-25.6 SO5 

4 6 . 7  505 

-67.2 5 s  

-66.2 505 

-32.9 sa5 

-32.7 505 

20.- 
21.0 

19.e 
19.2 
2*.8 

20.6 
20.8 

15.5 
9.6 
11.4 

9'1.5 

29.7 

38.7 

90.. 

C5.9 
46.7 
41.b 

23;1 
22.9 
22.7 

22.1 
21.7 
21.9 

60.5 
61.6 
63.2 
62.6 
63.6 
61.0 

62.5 
61.3 
e3.a 

36.2 
36.5 
36.6 

43.1 
4*.1 
64.5 
all.!, 

b3.Z 
L'. I 
46.6 
44.5 

79.3 

1'1.8 

,e.? 
36.6 
36.6 

31.5 
33.0 
31.9 
31.9 
x.* 
31.1 
24.0 
29.1 
28.5 
2'1.9 

81.6 

36.3 

27-0 

23.9 

60.1 

11.2 

35.7 

117.7 

114.0 

112.2 

106.9 

21.5 

t0n.7 

-7.2 * l o ,  
4 . 0  

-6.7 1101 
-9.7 

-21.5 1101 

-21.5 1101 

-17.0 110, 
-18.3 
-la.? 
-18.1 
-18.7 
-1s.e 

lb.5 10/31/71 32.3 
I I I P W 7 l l  32.8 

11031'75 32.7 
6/27/75 32.6 
7/24/75 33.2 
L I I Z P l 7 5  33.3 

11.5 32.5 -18.0 1101 
33.0 -18-5 
,2.8 -18.3 
32.7 ! -18.2 
73.3 , -1e.n 
33.4 -18.9 

.-. . - . . . . . 
' , . I  

la.3 ID/31/7L 
11/26/76 
1/03/15 
6127/75 
1/29/75 
81Z8175 

" 
I 

17.7 10131/7L 75.0 -17.3 1101 
ll/2617* 15.4 . -17.7 
1/03,75 36.2 -18.5 
6,27175 36.0 -18.3 
7,29/75' 3a.e -18.9 
8/28/75 36.7 -19.0 

-17.8 1101 
-18.1 
-19.0 
-18.9 
-19.9 
-19.7 

17.7 101311711. 35.5 
I 1 I Z W T 4  35.8 

1/03/75. 36.7 
6 / 2 1 / 1 5  36.6 

8 /1*175 37.4 
7 m ~ 7 5 :  3.2 

-45.2 110, 
46.3 
-67.5 
-*,.0 
-,d.o 
48.L 

11.1 , a m , , i  62.9 
11/26/74 66.0 

1103t75, 65.2 
6,27/1% 64.7 
1,20175 65.7 
WPP/75 66.1 , 

8.0 ,0,29/71 19.5 -11.5 1101 
,,,F,/7'* 20.2 4Z.2 

6/22 /75  21.7 -13.7 
7,28175 22.2 -14.2 
8,25/75 z2.0 -14.0 
400175, 22.3 -1G.3 

8.0 10129/14 20.7 '12.7 1101 
11/25/74 20.2 -12.2 
12/Z3/1Y 71-6 -11.6 
b,13,75 22.1 -1I.l 
7 / 2 8 / 7 1  22.6 , -1b.6 
w 2 5 m  22.3 -11.3 
9,30175 22.7 -1s.7 

12/21/71 21.5 . -13.5 
3.r lO,Z'II* 

3.6 10,2rnii 

18.3 6/27/75 
7/2P/75 
8128,75 

9.' 10118174 
11124f7' 
12/20,1& 
311*175 
6/25/75 
5,1617s 

7.9 6 / 2 7 / 7 5  
1/18/75 
e12217q 
9/19/75 

8.0  -12.7 I101 
-13.1 
-13.5 
-14.t 
-1I.1 
-14.2 
-14.7 

h9.n 1x0: 

-7.4 110:  

*9.R 
69.0 

-8.0 
-9.1 
-8.6 
-9.7 
-3.8 
-9.8 



' .TABLE-C-l 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

=RW"Q W T E a  e 
SURFACE 

SURFACE 
Ut FEE7 

GROUND WATER &WCI CAOUND 
SURFACE S W Y .  STLTE WELL ? 5 SURFACE SURFACE 

STATE WELL SURFACE DATE TO WATER '::? OATE WATER 

8 IN FEET F::iF VI FEET DATA 8 $ IN FEET 'Ui FEET 
NUHBER $ 2 ELN*71DN w M a m  ELEV. lllG $ ELEMTlOH 

"-05 
U-05.d 
"-05.62 

3.9 
5.5 
5.1 
5.9 
7.1 
7.3 
7.2 

12.5 
9.6 
4.1 

6.6 
b.7 
*.b 
5.0 
7.1 
h.4 
5.3 
5.9 
5.6 
5.1 

0.9 

-5.3 

9.2 

2.0 
7.9 

-2.6 

1.1 
5.2 

-5.6 

10.0 

-4.5 
-3.7 
-3.5 
-3.0 
-2-3 
-1.4 
-0.3 
-0.3 
-2.6 
-5.3 

-14.5 

-12-1 
-10.5 

-7.2 

3 .B 
5.0 
5.2 
5.7 
7.0 
9.0 

1D.T 
10.9 
10.7 

0.9 

-7.1 
-6.6 
-5.7 
-5.*. 
-5.2 
d.6. 
-3.7 
4.0 
-1.1 
-9.6 

-7.7 
-6.9 
-5.9 
-5.U 
-1.2 
-4.5 
-3.9 
-6.3 
-'A 
-9.9 

'T.1 
'6.1 
-5.6 
-5.0 
-*.9 
-1.1 
-3.3 
-3.6 

"-05 
"-OS.& 
U-05.12 

-28.8 50511 

-5.5 ,101 
-12.7 

-12.3 ,101 

-14.3 1101 

-8.8 5050 

-1.4 1101 

,101 

-6.b 1101 
' 6 . 5  
-5.3 -,.., 
4 . L  
-3.6 
-2.8 
-3.3 
-3.5 
-8.6 

8.4 

5.0 1101 

4.7 1101 
5.3 
0.0 
6.4 
7.1 
e.0 
8.9 
7.3 
1.6 
-2.3 

2.7 1101 
6.1, 
6.3 
5.8 
6.6. 
7.5 
8.2 
7.9 
6.9 
6.7 
-3.0 . 

2.8 5051 

-5.0 1101 
-*.7 
-4.0 
-3.3 
-3.9 
-4.1 
-8.8 

6.2 1101 
5.1 
5.5 
5.9 
7.3 
8.2 
9.3 
8.4 
8.1 

-1.9 

-6.7 110 
-5.7 
-5.6 
-5.1 
-4.9 
4 . 2  
-3.6 
-6.2 -*.* 
-4.3. 

5.4 110 
7.6 
8.8 

10.1 
9.6 
9.0 

-1.8 

-L.6 110 
-5.6 
-5.5 

*.I 110 
5.2 
5.5, 

1.9 505 

79.1 101311/76 1117.9 

97.5 12/06,7* 103.0 
7,21175 1111.2 

91.5 7/21/75 109.n 

105.9 7,21175 120.2 

92.0 10,22176 180.8  

151.1 12/12/7* 152.5 
3/31/79 112.7 

162.0 1 2 / 1 7 / 7 4  NU-9 

145.7 .10,03,74 152.1 
l l lPT17" 152.2 
12/27/74 151.0 
1/30/75 150.4 
2/27/79 150.1 
3/26/75 149.3 
5/07/75 1'8.5 

' 7/30175 1r9.2 
3/27/75 154.3 

6/25/79 1a9.0 
65.0 10<21/1* 6L.L 

143.0 7/21/75 148.3 

l*3.0 7/21/75 133.0 

87.0 ,012117' 85.0 
?123/7'i 79.1 

47.0 IGIE1174 49.4 

73.6 10,21176 72.9 
7/0?115 68.6 

52.1 7/23F75 Sl.7 

58.1 7/83/75 42.1 

195.7 10103/7* 192.0 
11127n4 191.' 

11,0175 190.3 
2/27/75 189.6 
3,16175 198.7 
5/02/75 IR7.8 
6/25/75 189.4 
7130/75 189.1 
8127175 .14P.0 

12127116 1 w . r  

96.1 7/22/15 108.6 

96.1 IP/l0/74 106.2 
7/22/75 l W . 6  

9L.Z 7/22/75 l O l . +  

12!+.* l l /07/7L WH-7 

139.4 10/03/IL, 135.2 
11127171 13L.3 
1212717b 133.9 

113n115 133.5 
2,21,75 132.1 
3 /26 /15  131.2 
5/82/75 130.1 
6/25/75 131.0 
.7/30,?5 131.3 
8127/15 111.3 

! 
139.4 10101/7* 1'6.1 

11/21/74 1'5.1 
12127174 165.0 
1130175 1'6.5 
WP1,75 144.3 
3/26/75 IL3.6 
5/PZ/75 142.8 
6/25/75 163.6 
7,30175 I6J .B 
8 /27 /75  148.7 

1*1.1 1130/75 135.2 
2/27/75 133.5 
3/26/75 132.3 
5/02/75 131.0 
6/25/75 131.7 
713n175 132.1 
8/27/75 142.9 

161.1 10/0,/74 137.0 
1112717L 135.9 
12/.27/76 135.6 

71.3 101ZPI7'. 09.6 



t 
, TABLE C-l 

GROUND WATER LEVELS AT WELLS 
, SOUTHERN CALiiORNIA 

"-as 
"-OS.& 
U-Q5.&2 

-7.6 1101 
-6.9 
-6.1 
-6.1 
-5.8 
-6.0 
-6.11 

-10.7 

2.8 1101 
6.6 
7.7 
7.1 
8.P 

11.3 
12.7 
12.z 
12.6 
2.8 

'1.1 1101 
2.7 
3., 
1.7 
1.0 
6.2 
6.8 
5.9 
6.1 

-t.z. 

.-9.3 
-8.5 
-8.1 
-7-b 
-7.1 . 
-6.5 
- 6 P  
-6.7 
-11.5 

-11.0 1101 

0.7 1101 
7.6 
7.9 
8.R 

10.9 
11.7 
11.1 
12.1 
-0.3 

2.2 110; 
3.8 
3-q *.* 
6.1 
7.7 
9.z 
9.0 
8.9 
4.3 

-7.2 1101 

-11.0 505( 
-8.' 1101 

-I*.n ~ i o i  

-16.7 1101 
-16.7 
-15.5 
-15.1 
-I*.') 
-14.3 
-14.0 
-I*.+, 
-15.0 
-17.0 

-20.3 5051 
-19.n 110' 

138.1 7,30175 111.9 -3.8 1101 
8,27,75 1'7.2 -9.1 

I 
115.1 LoIzPn' 127.2 8.5 5050 

137.1 144.5 

143.0 
163.2 
142.9 
113.1 
1*3.1 
1'7.8 

1 u . n  

131.s 10/03/71 
11127171 
12/27/76 

ll3017G 
2127nc. 
3,Zh,7+ 
5102,F 
6/25/75 
71311175 
8/27/75 

143.3 139.6 
137.7 
137.7 
137.3 
135.2 
13E.8 
13D.6 
130.3 
130.4 
161.1 

I 3.9 1101 
5.6 
5.6 
6.0 
8.1 

10.5 
12.7 
13.0 

5 12.9 
c 2 .2  

S 14 158.0 18,05171 
lllE,,,' 
12,27/7' 

11,0175 
2/27/75 
3/86/75 
5/02/15 
6/25/75 
7,30/75 
812,175 

142.3 10103/71 138.5 3.8 ,LO1 
11,27174 137.4 0.9 
,P,27,,* 136.6 ~ 5.7 

1130175 136.0 6.3 
2/27/75 133.8 . 8.5 
3/26/75 130.5 11.8 
5/02/75 128.3 ' 16.0 
6/25/15 128.1 1a.2 
8,P7,75 139.9 2.6 

143.0 1010317" 
l l l27lTk 
1212717'1 

1 n n 1 7 5  
2IP7/75 
3/26/75 
5,02175 
6/25/15 
7130175 
8/27/75 

151.5 
150.6 
169.7 
119.2 
148.5 

1'8.1 
148.1 
153.2 

14n.2 
1'7.8 

-6.2 ; -5.5 

, -5.1 

-5.2 
-4.8 
-5.1 

-10.2 

1'0.0 IO,O,,T' 137.3 
11,2717L 132.6 
l i l / 2 7 n i  132.1 
2/27/75 131.2 
3/26/75 129.1 
5/02/7< 128.3 
6/L5/79 128.9 

8,27175 140.3 
r m 1 7 5  127.9 

150.0  1*,27,7* 1b3.8. 6.2 1101 
4,02,,5 l,,., 12.9 
7102175 135.b 14.' 

153.2 11/27/70 147.2 : 6.0 1101 
1,0,,75 110.0 11.2 

I4I.P ,O,O,/,' 139.6 
1Y27/7r  138.0 
12,2,,1' 137.9 
1,10/,15 1V.h 
2/27/75 135.7 
W 2 6 / 7 5  1JL.1 
5 / 0 2 / 7 5  132.6 
6/25/75 132.8 
7 / 3 0 / 7 5  132.9 
8,27,7< 137.5 

-8.9 1101 
-8.2 
-7.5 
-6.9 
-6.7 
-6.1 
-5.6 
-5.9 
-5.8 

-10.7 

-10.' 5050 

-1*.1 1101 

-13.Z 1101 

12.3 l l 0 l  

-3.8 1101 

108.0 7/22/79 115.2 

108." lO,P1,1' 119.0 
7122/75 116& 

113.0 7/21/75 I27.8 

97.0 1012117' 167.9 

103.7 llZPl75 117.8 

103.7 7,22175 116.9 

LW.O 4 m 1 m  126.7 

138.8 7/29/79 142.6 

113.0 L0103/7~ 129.7 
L1/27/7& 129-7 
I2/27/11. 128.5 

1,30,75 128.1 
2 /21 /15  127.9 
l l P h 1 7 5  127.3 
5/02/77 I27.0 
6/29/75 127.6 
7/30115 128.0 
8,271.75 130.0 

3.6 1161 
L . 4  

8.2 
v.7 

12.2 
13.2 
IS.7 
15.1 
3.9 

8.1 

146.3 10,071711 160.7 
1111717* 139.9 
1E,27,7* 136.2 

l l 30#75  136.1 
2127175. 136.6 
3,26175 112.1 
5 / 8 2 / 1 5  , 131.1 
6/P5*75 179.6 
713"/75 114.2 
*121,75 luJ.5 

1e.o 11/17,7a 57.7 -39.7 110 "QslllY-I2"0? 5 1q 

i s  p q e  79 for hey to t e r n  (t abbreviations ' 



TABLE C k l  ' : 
GROUND WATER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

z:ig WATEd 4GE.K STATE WELL c 6 SCRFACE SUaFACE SUPPLY- STATE WELL E 3 SURCACE 5U3FACE NPH: To W A ~ E R  
SURFACE 2 f 

0 2 IN FEET IN FEET OATA IN 

GROWO WATER AGENCY GROUND 
W ~ ~ E R  

SURFACE 
IN FEET 

NUMBER ELEv' ELEVXIOH ' OAT' NUMBER 2 ELEN w= 5 ELE1?nON OAT' 
Y q M FEET IN FEET DATA 

- .  

18.0 

78.2 

81.0 

77.0 

77." 

150.4 

156.A 

196.4 

129.2 

129.3 

12a.0 

146.0 

137.L 

112.0 

180.5 

96.0 

9Z.D 

L15.0 

97.0 

4,06175 57.5 ' -39.5 ,101 

10,30/74 103.6151 -??.I, l l D l  
12,30174 ln1.61?> -22.6 
1/03/75 100.6152 -19.6 
*130,75 118.6151 -31.6 
7/07/75 113.6151 -32.6 
.)IO8175 112.615, -31.6 

10,31176 lG.6 

7 /28 /75  136.2 

1013117'1 122.P 

4/0',115 119.9 

10103,1b ' 115.3 
1112717L 138.7 
12/21/71 137.5 

1 / 3 0 n s  131.5 
2/27/71 137.0 
3126175 135.0 
5/02/75 13+.6 
7r30,75 133.6 
8/27/73 111.5 

10mW74 111.3 

12/z7,1* 103.1 
1/30/75 103.2 
3/*h,75 I"l.1 
5,82175 101.1 
6 / 2 5 / 7 5  101.4 
713"/75 09.9 
81211.75 110.5 

iii2717~ iw.5 

.lR.l 5050 

-+.2 1101 
.-*.2 
.-6.3 
-6.1 
-5.1 
-5.* 
-5.3 
4 . 8  

10.8 5050 

-1.0 ,101 

7.3 5050 

8.1 1101 

0.7 1101 
7.3 
8.5 
8.5 
7.0 
11.0 
l l . 4  
12.L 
1.5 

3.3 1101 

0.7 ,101 
7.5 
8.9 
8.8 

.10.9 
10.9 
10.1 
12.1 

1.5 

-7.9 5050 

10/30174 105.5f51 -13.5 1101 
12/3017* ln4.5151 -12.5 
3,03,'5 106.5151 .-1,..5 
*/30/75 105.515, -13.5 
1/02/75 1115.5151 -13.5 
s m n 5  105.515) -13.5 

Pope 79 for hey to terns B ohbreviotiona 

97.0 8127,75 96.4 

88.0 10/03/71 99.2 
11127n4 95.9 
1 2 / 2 7 n +  95.2 

1/30/75 95.1 
2,27,75 91.3 
3 /26 /77  %.a 
5,0217- 95.1 
6,25175 95.5 
7130175 93.7 
en7175 99.6 

95.0 10103/74 101." 
11,2,,7* 96.P 
12,21,7' 92.7 

1/30/75 91.1 
2/27/75 90.4 
3/26/75 90.0 
5/82/75 96.0 
6 / 2 5 / 7 5  9L.8 
7/30/79 90.4 
8/27/75 100.6 

75." 1,16/,5 83.2 

7L.3 11/07/7' 81.6, 
imm a2.n 

77.1 1 2 n 0 1 7 ~  89.5 

7 T . l  7/21/75 ' 91.4 

7/21/75 89.3 

77.1 1P110114 84.3 
7/23/75 89.2 

l&I,.* 121111,* 138.6 
7/20/7C. 135.0 

167.7 i,28/75 1G6.3 

87.0 IOI2II7' 85.0 

1s." lO/PI/IL 1*.2. 
15.1 7/29/79 11.7 

.I 

7/28/,' 8.3.1 

1~7.2 i a m m  w-7 

131.8 7/0P/75 13'1.0 

l l L . 5  8,21175 136.6 

131.5 a i z i m  131.1 

123.0 7 /01 /75  117.0 

l P Z . 0  7*8211S 100.1 

133.0 
1012W7L 7/26/75 127:P 132.0 

131.0 I O l a r n +  1'11.7 
7 / 0 2 / 7 5  142.3 

73.0 10121/,* 80.2 
7,21175 70.2 

47.5 IOI2lll* 49.6 

100.0 10/24/7a 100.2 
7/24/75 95.5 

l P l . 0  12/13/75. 98.2 

102.7 7/23/75 100.3 

102.7 7 / 2 3 / 7 5  110.9 

116.5 11/01/71. 131.9 

Il6.r. 11lOll7L 119.9 

116.5 1 1 l W 7 G  l 1 I . I  
I /OW7Li 114.3' 

"-e5 
U-05.1 
"-05.A2 

0-6 1101 

-11.2 1101 
-7.9 
-7.2 
--7., 
4 . 3  
-5.8 
-7.1 
-7.5 
-5.7 

-11.4 

-6.8 1201 
1.n 
2.3 
3.9 
4.6 
5.0 
1.0 
0.2 
4.6 

-5.6 

-8.2 1101 

-9.3 505, 
-7.7 1101 

-14.1 110: 

-12.3 110:  
-12.2 

-12.2 1101 
-12.1 

7.8 110! 

l.* l l D l  

2.0 5051 
3.9 1101 

-0.2 505, 
1.6 110: 

5051 

-5.2 IIP! 

0.1 110: 

2.4 1.10: 

6.0 1101 

21.9 1101 

1-0 5 0 %  
5.8 ,,a: 

-8.7 SI)% 
-9.3 1101 

-7.1 505, 
2.R 1101 

-2.1 50% 

4.5. l l 0 i  

2.8 l l V l  

-5.6. 505, 
3.2 1101 
1 2  

2.4 110: 

-8.z L101 

-15.3 5051 

-1.5. 5051 

2.6 1lOl 
2.2 

-9.5 IlO! 
- z . 0  5051 
0.5 llDl 
2.2 
2.9 
3.3 
-1.3 
-1.9 

3.1. 
-6.L 

11.4 

-0.2 503 



, TABLE C-l  

GROUND WATER LEVELS AT WELLS. 
SOUTHERN CALIFORNIA 

120.0 

115.0 

137.0 

199.0 

90.9 

90.1 

8.1.9 

83.0 

83.0 

72.0 

16.0  

71.0 

73.2 

101.3 

79-0 

76.3 

50.0  

7a.3 
1 0 . 1  
70.3 

81.0 

PDO.0 

168.0 

18C.O 

180.0 

1711.1. 

lOlKU74 . n l . o  
ll,P,,ll .Ih7.') 
I2/27/74 167.3 
l,,",79 ,167." 
2121175 ,166.3 
3,26175 ,165.8 
5 /02 /75  .IbB.'l 
6/25/75 ,168.0 
713@,75 ,16.9.8 
8,P7,75 ,171.2 

10/03/.7L '206.9 
11/27/74 2 0 1 . 0  
12/27/76 J99.9 

113w75 ,199.2 
2t27115 ,198.1 
3 / 2 6 / 7 5  .IS7.6 

6/25/75 202.2 

8 /27 /75  '206.2 

5102175 ;202.0 

7/30175 ,191.9 

10101/74 99.7 
11/12/71 9L.1 

3,31175 91.7 

,u-o5 
"-05.8 
" - 0 5 . A Z  

, -7.7 ,101 
-6.5 

r -5.6 
-6.7 
-6.1 
-7.0 
-8.7 

1-11.7 

-7.6 1101 i -2.9 5050 
-0.1 ,101 

1 -6.1 

, . I  
1.0 
2.3 

-z.3 
-2.9 

I -6.9 

'-10.9 
-1a.3 
.-,o.o 
-9.3 

' -8.8 

8-11.0 

-16.2 

1.9 ' 

L14.0 1101 

!-!I.'. 

l -8.8 

-7.9 l l D l  
* -Z.0 

-0.9 
I -0.2 

0.9 
, 1.4 
-3.0 
-3.2 

1.1 
-7.2 

-0.7 5050 
-6.5 1101 

-S.P 5050 

, 0.1 1101 

r-16.0 1101 

-7.1 ,101 

.-11.5 5050 

.-,e., l , D l  
, - la. ,  
-15.7 

.-19.2 5 0 %  

10103/7& ,106.0. -31.7 1101 
11/06/7* ,105.9 1-31.6 
12/03/71 105.7 i-31.+ 

1100175 .lDS.5 .-31.P 
2 / 0 5 / 7 5  , ln5.* (-31.1 

13311.8 

11/06/71 

11/07/74 

, l ,Ob, lL  

10,2117' 

10/21/?* 

lOl21/7' 

10,21176 

IO,*1*7L 

237.6 

m . n  

231.B 

95.9 

98.' 

9R.L 

101.1 

105.6 

49.6 
50.3 
51.0 
51.1 
50.9 
51.2 
51.6 
51.'. 
5 3 2  
53.0 

3.8 

14.3 

20.8 

8.n 

6.F 

35.1 

22.4 

12.0 

lR.3 

12.8 

. 17.8 

I'." 

4 . 0  

" -5  

25.0 

5-2 

10.9 

9.* 

16.0 
16.4 

11.0 

15.6 
16.1 
16.4 
L6.B 
16.6 
16.1 
Lb.6 

12.1 
12.0 
11.5 

17.1 
r7-3 
1r.9 
17.8 
,,.Q 

1R.2 

77.6 

20.3 
21.1 
21.5 
ZP.5 
22.9 
23.2 
29.0 

B . 6  
30.2 
31.1 
3?.7 

16.8 

U-05 
U-05.. 
U-05.LZ 

-52-7 5 0 5 ~  

-47.11 5050 

-3r.a 5050  

-S6.0 so50 

-57.8 5050 

-57.6 ,050 

-57.1 50% 

-58.6 5050 

1288.6 110, 
1287.9 
1287.2 
1287.1 
1287.3 
1287.0 
1286.8 
LZB6.A 
1285.0 
1285.2 

1.2 5050 

-2.7 ,101 

-13.n 1101 

-5.6 ,101 

-1.6 ,101 

-2a.c m e  

1.5 1101 

11.9 1101 

5.b l l o l  

-1.0 1101 

-23.6 5051 

-3.3 1101 

16.b 51151 

50% 

-9.7 5051 

-20.0 110, 

-11.5 505,  

-9.6 5051 

-7.5 *IO, 
-7.9 
-8.3 
-7.1 

-7.1 11G 
4 . 6  
-7.9 
-8.3 
-8.1 
-7.8 
-1.9 

-8.8 110 
-8.7 
-8.2 

-*.a 110 
4 . 6  
- 5 2  
-5.1 
-5.2 
-5.5 

-62.5 5051 

-5.1 5051 
-5.9 110 
-6.3 
-7.3 
-7.7 
-8.0 
-8.8 

-5.6 110 
-6.2 
-7.1 
-9.7 
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OROUUD WATER AGEWY 
SURFbC2 SURFACE OUFpLI. SURFArC STATE WELL '$ NUMBER r) EWA7ION OATE To WATER GLEY. IN0 

U IH FEET IH FEEI CIATA 

GROUND 
SURFACE 

SURFACE ELEY' 

tRO"N0 
SmT2 WELL 1: 6 SURFACE To WATER SURFACE 5Wfi.I 

e 4 IN FEET ~ FEc, IN FEET OATA 
NUMBER 5 ELEVATION 

TABLE C-l 

GROUND WATER LEVELS' AT WELLS 

055/11Y-O6R05 5 19 21.P 7/2W75 33.6 -9.6 1101 
i c ~ i l ~ U E O i  8/28/15 33.9 -9.9 

4 . 3  ,101 
-32.0 

5.1 110: 

5.0 
5.0 
5 . 0  
5.0 
5.2 
5.2 
5.1 
5.0 
*.9 
4.1 

-3.7 110: 
-2.7 

-0.0 110: 
-1.3 
-5.8 
-1.8 

-2.1 110 

-1.6 110 

1.8 110: 
2.7 

1.6 

6.1 110 
6.2 
4.5 

2.3 5051 

2.2 505,  

6.0 110 
4.1 

1.5 ~ i i a  

-1.a 505, 

0.P 110 
0.6 

0.0 110 
0.1 
0.3 

3.s 110 

33.7 llC08176 66.0 
4/22/73 65.7 

470.0 11115/7C Nu-2 1101 

108.3 11115/7b FLOY 1101 

4/21/75 60.2 409.8 

h/2! /15  FLOY 

33G.0 11/15/14 70.3 263.1 1101 
6/21/75 70.1 263.9 

313.0 11/15/7'l 71.7 281.3 1101 
,121115 ,4.3 278.7 

* /z lpS  WKil. 161 

4,21175 74.6 291.0 

390.0 11/15/11 O W  ( 6 )  1101 

315.5 11/16/74 75.6 239.8 1101 

7.P 11/06/71 10.7 
4/21/15 9.1 

2.0 11fOb/l' 2.8 
4/21!75 3.3 
5/06/75 7.8 
6/05/73 3.8 

310.0 214.2 ,101 
214.1 
21a.o 
ZIL.0 
213.8 
Z I L Z  
215.9 
215.1 
215.1 
216.0 
215-9 
215.9 

154.0 6116175 121.3 32.1 110' 

152.5 ,1,15/1+ 129.7 ZF.8 L l O l  
6 / 2 2 / 7 5  729.6 23.1 
6/16/75 179.6 2Z.9 

26.0 1010111* 15.6 ID.* 1101 
11/01/74 15.7 10.3 
4121175 15.7 10.3 mu "YO"" ""OR0 SIIPaPr. u-05.14 

9R.B 10,02,7k 162.0 -63.2 *Is: 
111"4,7' 150.4 -b".l 
12/03/71 158.1. -59.6 
1/06/75 Ihr.5 -65.7 
2/05/75 166.5 -67-7 
U 1 h 1 7 5  151.5 '52.7 

91.0 1 0 1 1 m ~  1 5 v . s ~ ~ ~  -68.5 IIO 
11/11/14 139.5151 4 l i . 5  
1211*,7* 16L.515) -53.5 

1/11/75 l'b.5151 -55.5 
2/16/75 1'1.5151 -511.5 
L/14/75 liC.5151 -53.5 
5,21175 111.5151 -53.5 
6/1&175 119.5151 4 8 . 5  
7/1L115 165.511) -71.5 
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TAE~LE c-I 
GROUND WATER LEVELS AT WELLS 

SOUTHERN CALIFORNfd 

LiROUWO WATER AGENCY GROUND GRoWO WATER J 

T:w$i:& 
SURFACE 
IN FEET 

SURFACE I 
OATE 

SURFACE SupPcI- STATE WELL SURFACE 
DI\TE 

STATE WELL 
HUMBER 

E $ 
2 2 
U q "I FEET R4" 

SURFACE 
ELEYAW NWIBER ELEv' ELEVATION 2 3 

Y 4 W FEET 'H FEET SURFACE 
<H FEET 

I%." 11/15/7' 
1/15/19 
2/15/75 
3 / 1 5 / 1 5  
k /L5 /15  
5115/75 
6/15/75 
7115115 
8/15/75 
9,19/7s 

129.7 6/09/75 116.7 -17.0 
7108175 lG6.2 .-16.5 
B,09,,5 1'5.9 '-16.2 
' I / o L I T 5  145.3 -15.6 

121.0 1111117C 98.1 28.9 
4,1P/75 95.5 31.5 

151.2 1111'17* 21.2 130.0 
W i n 1 7 5  19.0 132.2 

105.5 11/11/14 13.9181 91.6 187.6 IO/29/7L 
11/25/76 
12/31/74 

1,27/x 
2/25/75 
1,P&175 
4/29/75 
5/27/75 
6/2517< 
7/28/75 
Rl26175 

21.2 16b-* 
21.0 166.0 
19;b 168.0 
2a.2 167.0 
5.b 182.2 

17.7 169-9 
19.6 168.0 
Z1.a 166.2 
Z 1 . b  166.0 

23.6 164.0 
20.9 166.7 

91.0 11/15/71 LO.* 50.6 
WlP175 39.9 51.1 

21.1. 161.9 
20.6 165.L 
17.3 166.7 
19.6 166.4 
18.6 167.4 
17.5 l6B.5 
19.3 166.7 
21.0 165.0 
21.6 ,164.4 
20.5 165.5 
23.5 162.4 

:i. 

! 
z .  

_ . .  -28.4 

IS.* 
15.7 
15.3 
15.3 
15.2 
15.0 
15.7 
16.0 
15.2 
16.2 
lS.7 
11.8 

191.1 10129174 
11125/7* 
12/11/76 
l,PT,75 
2/25/75 
312L175 
W29r75 
5/27/75 
6/25/75 
7/28/75 
W26/75 

23.1) 168.1 
22.9 168.2 
22.5 1S8.6 
22.0 169.1 
21.3 169.8 
19.6 171.5 
EI.5 169.6 
23.3 167.8 
23.3 167.8 
22.9 IbS.2 
25.5 165.6 

! 

1 
1 
1 
1 
! 
1 
1 
1 

1 

1 

1 

1 

1 

t 

I 

195.1 IIl,29/7* 
l1,24,/L 
12/30/7C 

1127175 
2/25/15 
3 I 2  L I 7  5 
4/29/75 
5 I 2  7 I 7  5 
6/25/75 
7/28/75 
B I 2  0 I 7  5 

19.9 
20.0 
18.6 
19.0 
18.1 
17.4 
19.6 
19.8 
18.1 
19.4 
21.8 

175.2 
175.1 
176.5 
176.1 
171.0 
177.7 
175.5 
I l S . 3  
177.0 
175.7 
17,.3 

19.2 
18.0 
18.2 
17.5 
17.1 
18.7 
16.7 

20.5 
18.4 

117.3 
l l R . 5  
118.3 
179.0 
179.6 
171.11 
179.8 
178.1 
176.0 

17.1 173.1 
16.6 173.6 

19.0 173.6 

16.5 17*.5 
16.2 17L.8 

5.5 181.5 
5.5 181.5 
5.6 181.9 
5.5 101.5 
5 5  181.5 
5.5 181.5 
6.5 182.5 
6.5 182.5 
L.5 112.5 
L.5 182.5 
h.5 102.5 
1.5 182.5 

20.0 

1 9 2  
I9.G 
18.9 
18.L 
19.1 
19.6 
17.8 
19.8 
20.2 

m.2 

Ic.5 17+.9 
1 I . B  17L.6 

IR .3  168.1 

,I.' l10.* 

26.5 1611.0 
Z5.8 160.7 

',.'I*> 138.6 
33.9<81 152-1 

*0.0,&)  IL5.0 
',.',,L, IC3.6 
39.1 115.9 

m.o ,* ,  1'7.0 

,*.,,., 1'5.9 

NU-, 

N*-, 

NH-7 
NU-? 

23.1 
23.b 
72.3 
22.6 

21.1 
11.8 
22.6 
21.6 
22.7 
75.6 
P7.I. 

21.8 

167.5 
165.9 
166.5 
166.5 
l6b.5 
167.5 
,6625 

30.0  
19.0 
31.0 
31.0 
31.0 
70.0 
31.1 

198.0 ,0,,5,,* 
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! TABLE C-l  
GROUND WATER LEVELS AT WELLS 

188.2 10/29174 m . 0  156.2 1101 
11/25/71. 3b.O 152.2 
12/30/7l 35.0 153.2 

1/27/75 35.9 152., 
2/25/75 35.2 I53.t 
3/24175 33.6 15a.8 
4/29/75 33.3 154.4 ,. 5/27/75 ;30.9 157.3 
b/23/75 30.8 157.6 
7128175 36.2 15L.O 
n m m  35.9 m . 3  

187.9 11105,7* 27.9 160.0 1101 

185.5 i o m m  21.0 I IM.~ ZIDL 
1112517* 23.5 . 162.0 
12130114 22.5 163.0 

1/27/75 74.4 161.1 
2125175 24.0 161.5 
3 /24 /75  21.5 166.0 
L129/75 *..7 160.8  

6 / 2 3 / 1 5  19.5 166.0 
7/28/75 22.5 . 163.0 
8/25/75 83.3 162.2 

s m m  in.5 167.0 

202.0 10/29P74 13.3 ! 168.7 1733 
11/25/74 36.9 , 167.1 
12/23/14 31.1 lh7.6 

1/27/75 35.7 166.3 
2/24/75 36.2 165.8 
3,21175 33.2 1m.a 

5/76/75 31.6 170.* 
6/21/75 32.0 170.0 
1/2*/75 32.2 169.8 
8,Z5/75 , 3*.9 b l€.l., 
'1/27/75 3b.8 . 165.2 

,,le115 32.3 1 169., 

307.0 

185.0 NY-9 , 1733 
P5.2~1! l'r9.8 
34.6 150.4 
35.7 119.3 
36.2 1so.e 
,2.+ 152.6 
31.8 153.2 
30.3 15r.7 
30.0 155.0 
29.4 155.6 
35.5 169.5 
3n.n 166.2 

178.0 6/21/75 35.3 , 1W.7 1101 

180.5 11/06/71 39.0 161.5 l l n l  

211.5 6*.2 
0 . 9  
6b.O 
61.5 
6L.5 
63.7 

62.1 
61.0 
66.1 

N"-9 

147.3 21'11 
1C6.6 
147.5 
l iT.0 
147.a 
147.8 

' IW.+ 
147.5 
145.C 

178.0 10<31117L 52.3 125.7 I l D l  
11127171 ' 53.8 , n4.z 

1 / 0 ? h 5  51.9 176.1 
2/26/75 (11.1 126.9 
3/2h,75 '9.7 128.3 
5/01/75 51.3 126.1 
6/27/75 48.9 129.1 
7/2*175 51.6 , 126.a 

170.0 

173.0 

173.6 

172.5 

177.0 

175.0 

175.5 

170.0 

l i 0 . 3  

161.3 

160.2 

54.1 

49.3 
49.3 
LI.1 
43.3 
w.3 
.*.3 
47.3 
42.3 
kZ.1 
45.3 
'9.3 
50.3 

$8.5 
51-6 
115.3 
46.8 
57.8 
65.2 
46.7 
4b.2 
50.2 
45.6 

15.5 
21.2 
27.B 
30.1 
28.5 
27.8 
95.5 
18.6 
2V.3 
21.1 

48.4 
611.9 
67.3 
46.5 
15.1 
43.5 
4,.9 
63.1 
66.6 
51.0 

u-05 
U-05.A 
u-05.a.' 

123.9 

123.7 
123.7 
128.7 
129.7 
128.7 
127.7 
125.7 
130.7 
130.7 
121.7 
123.7 
122.7 

125.1 
122.0 
128.3 
126.8 

l 2 B A  
126.9 
LZ7.6 
123.6 
128.0 

157.0 
,,e., 
1'5.5 
14P.* 
14G.O 
Ibk.7 
147.0 
15b.1 
152.P 
151.A 

128.6 

129.7 
130.5 
131.9 
133.5 
132.1 
133.9 
I,@.* 
126.0 

w5.n 

I m . 1  

12.3 158.0 
33.9 136.4 
2R.L 161.9 
38.4 131.9 
36.1 13L.2 

13.5 156.8 
25.2 115.1 
29.9 ,'to.+ 
31.2 139.1 

27.6 133.7 
13.6 127.7 
36.4 121.9 
36.7 tP*.b 
3'.0 127.3 
32.6' 128.7 

2S.6 135.7 
26.7 134.6 
29.R 131.5 

29.8 1 ~ 0 . 5  

3z.4 128.9 

0.6 159.8 
11.4 1'4.8 
2.7 157.5 

11.3 1G8.9 
8.8 151.r 
1.9 155.3 

-1.3 161.5 



"-05 
W 0 5 . A  
"-05.65 

157.7 10130/71 38.2 
Il,Z6/,4 10.0 
12,31n*  41.3 
1,ZR/75 Nu-9 
2 / 2 6 / 7 5  42.6 
3/26,75 40.5 
5101175 k2.6 
6/23/75 38.0 
7/29/75 38.1 
8125f75. 39.' 

119.5 110 
117.7 
116.4 

1m.9 10/29/74 
11/25/74 
12,31/74 

1/27/75 
2,25,75 
3/2i175 

6,23175 
7 lPW75 
8 I 2  5 I 7  5 

5/01/75 

131.8 I 
130.2 
m7.0 
125.8 
126.1 
128.7 
129.7 
136.2 
135.8 
132.6 

106.7 110 
103.2 
102.8 
98.2 

103.3 
101.4 
108.4 
1 0 6 A  
106.9 

100.) 

L51.5 1l/(ll/7ll 46.5 

1,28175 40.7 
2/26/74 53.1 
3/21/75 51.2 
$129175 '8.2 

. . 5/28/75 5011  
6/26/75 43.1 
7/29/75 L5.1 
8/26/15 $4.6 

1z/3an* L R . . ~  

135.9 
125." 
125.7 
123.0 
124.9 
127.8 
132.9 
132.6 
129.7 
1ZR.P 

155-0 11/01,11 51.4 
12,1"1,1 56.0 
1/27/75 57.1 
2,21175 57.8 
3,25179 57.6 

5/m,715 87.6 
6/24/75 56.0 
7,211/75 55.* 
8*26,7.i 55.7 

w 2 9 m  sn.1 

100.6 110 
99.0 
97.9 
97.2 
97.6 
96.9 
97.6, 
99.0 
99.6 
99.1 

110.7 I,< 

110.1, 
IOb.3 
106.5 
110.8 
106.0 
107.2 
105.5 
110.0 

im.5 

170.0 1 0 m w m  35.3 

12,23/1' 37.9 
1,27/75 r0.6 
2,21175 *3.* 
3,?4,,5 L3.0 
1,211,775 '3.8 
5 / 2 6 / 7 5  41.7 
6/23/15 36.6 
7/28/75 36.2 
8/25/75 36.9 
9/21/71 37.9 

11/25/7L 36.4 
L3A.7 
133.6 
13P.l 
129.* 
186.6 
127.0 
126.2 
128.3 
113.6 
131.8 
133.2 
132.1 

111 
83.0 

111.9 17: 
112.2 
112.11 
112.7 
112.5 
112.5 
II2 .h  
111.7 
111.6 
112." 
111.9 
111.1 

133.7 
121.2 
122.1 
118.5 
120.7 
125.5 
128.0 
139.2 
132.0 
128.3 
I?,., 
120.5 

150.5 ,0,2,,71 7 1 5  
,111,171 63.5 
IU28,7* 59.5 

1,26175 59.5 
2102175 98.5 
3/16/75 56.5 
*,26,15 59.5 
6/m/75 75.5 
7127,75 66.5 
8,17175 60.5 
9/27/15 68.5 

79.0 
87.0 
91.0 
91.0 
92.0 
9*.0 
-1.0 
75.0 
R'.O 
90.0 
82.0 

203.0 u.9 
4.7.5 
' 8 . 8  
L P . 5  
47.6 
4n.n 
47.3 
w . 1  
L9.3 
L9.0 
51.9 

15'.1 
153.5 
15L2 
151.5 
155.1 
156.2 
155.7 
L53.P 
153.7 
151.0 
151.1 

,as:o 1013r,17', '0.3 
1112w711 '1.6 
,?15,17* 42.0 

112w15 '3.0 
2121175 ' 3 . 1  

5/01/15 42.9 
b123175 ' 0 . 5  
7/29/15 '0.9 
1),15,75 '2.0 

3,2017s "r.3 

114.7 
113.L 
119.0 
112.0 
111.3 

-292.3 
LIZ., 
111.5 
11r.1 
113.0 

118.5 
I1L.O 
112.0 
I"9.7 
110.9 
113.0 
11n.5 
120.7 
118.2 
L16 .P  

e pow 79 for hey b I- a abbreviations 
-137- 



111 

8.961 

5'961 

111 S.161 

011 

011 

Dll 



163.3 

160.0 

160.0 

L B O . 8  

174.2 

161.6 

157.5 

168.' 

1m.o 

160.6 

19".1 

187.7 

im.7 

P/30175 224.5111 -61.2 1101 

lOlOl171 227.5111 '-67.5 110, 
11/01/7L lA0.515) -2S.5 

lllDll7L "3.0151 101.L 1101 
12,31,?L 90.015, 1041.1 
2/28/75 al.0151 103.1 
*,30/75 89.0151 105.1 
6 / 3 0 / 1 5  R9.0<51 105.1 
8/31/75 92.0151 102.1 

111"1,?1 L9.5 132.7 , l o *  
I Z l 3 " l l r r  54.5 lP7.1 

1 / 2 8 / 7 5  51.5 IPB.2 
2/25,75 51.5111 130.2 

e pow 79 for key 10 te rm 8 abbreviolions 

PPS/l2"-12E0S 3 1P 

181.7 3/25/75 69.51') 132.2 
4 m m  51.5111 128.2 
5,28175 53.5 l P B . 2  
6 /26 /75  52.51'1) 129.2 
7 /29 /75  55.5111 126.2 
8,2017c. 59.51'1 1ZZ.T 

185.0 11/19/76 '20.3 1b4.7 
1/09/73 17.7 167.1 

i 



' TABLE C- l  

GROUND .WATER LEVELS AT WELLS 

211.0 3/16/15 
4,1&,,3 
5,16175 
6/16/75 

45.8 129.0 
"9.0 125.0 

57.5 116.5 
52.1 121.9 173.0 10,15,7* 

11/15/71 
1,15/75 
2/15/15 
3 / 1 5 / 7 5  
.,15/75 
5,15/75 
6/15/79 
71151'75 
8/15/75 
9/15/75 

'3.7 1 137.3 
*..z , 136.8 
11.5 139.S 
3q.6 1Ll.b 
38.7 z 1'2.3 
37.2 . 1L3.8 
39.5 , , I . ,  

38.9 162.1 
*,.I 137.9 
r7.b 133.11 
51.2 129.8 

39.3 i 151.7 

169.1 1 0 1 2 9 n 1  
lll2617' 
1212327r 
1/21/77 
2,25,15 
3/25/73 
4,29/75 
5/27/7S 
6/21/75 
7/29/75 
8 I 2  6 I 7  5 
9/23/75 

53.6 
51.7 
A1.9 
67.9 
43.* 
41.5 
67.6 .,.* 
44.2 
55.1 
60.6 
66.7 

43.0 
40.3 
35.8 
36.8 
2R.S 
28.2 
3*.* 
3h.6 
30.3 
43.' 
52.* 
54.* 

111.6. 
1L3.9 
117.3 
117.3 
1ZI.L 
1232 
117.6 
117.s 
121.0 
110.1 
1W.L 
98.5 

lPZ.6 
1*5.L 
129.6 
128.6 
13h.9 
137.2 
1Zb.O 
128.8 
135.1 
122.0 
113.0 
10e.e 

025/12*-13COl 5 19 39.9 130.1 
L3.3 176.7 
35.6 131.6 
36.8 133.2 
zs.0 141.0 
20.9 , 141.1 
32.6 137.a 
10.5 13'7.5 
Z6.2 1G3.8 
L*.* 125.6. 
50.8 119.2 
56.5 113.5 

D25/,7"-13"0' F 19 

29.5 * J*ll.Z 
40.6 1 133.1 
'1.7 132.0 
26.1 147.6 
35.7 138.s 

21.7 l*C.O 
3 . 6  , 139.1 
1s.9 l37.8 
35.5 1311.2 
'6.4 126.8 
53.5 120.2 

29.8 , 143.9 

39.6 130.3 
36.8 132.9 
25.1131* 13L.6 
29.7 140.0 
17.1 152.6 
18.3 151." 

20.7 149.0 
16.9 r 15L-8 
60.0 1 129.7 
53.1 , 116.6 

21.4 1m.3 

O W  

163.1 1 o n 9 n '  46.9 116.2 
lllZ1.17' C1.O 122.1 
12/23/7r 31.9<31 131.2 
1121175 33.L 129.7 
W2517S 3 7 2  125.9 
3 ,zsns  2R.6 1,*.5 
* E 9 1 7 5  38.6 1FL.5 
5,27175 h1.7 121.r 
6/21/75 37.1 130.7 
7/29/75 A6.6 116.5 
8/LL,,9 5'.7 loa.* 
9/23/79 De" 

L7.T 1Z6.3 
A9.0 125.0 
4%) im.9 
L7.5 I Z b . 5  
'5.6 128." 
'3.7 , 130.3 
' L . 9  129.1 
L2.0 132.0 



TABLE -C-i 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORFIIA 

GROUHO wouNo WATER AGEtiCI GROUND moUNo WATER ffiW 
HIRFxE SURFACE W R Y -  STATE WELL SURFKE SURFACE WWLV TJ::iR ELN. IHO fiR2EF IN FEET DATA 

STATE WELL 5 SURFACE 
NUMBER NUMBER REV. fflQ 5 5 ELEVATION 

U q W FEET kuR,::F IN F E R  O&T& 

OATE 

8 2 IH FEET 

168.1 5 /?1 /75  32.0 136.1 1101 
6/21/15 73.3 141.8 
7,29,75 4l.2 126.9 
8,26175 OR" 
P I Z 3 / 7 5  "PI 

15n.a 10/0 l/7r 
lllP117' 
,213,1711 

1/31/75 
2/28/75 
3,31,75 
4,3"/75 
6,30174 
113II7S 
8131175 

tia.n111 
131.0151 
129.0151 
18.3.0l11 
133.0t51 
182.0111 
125.0151 
121.0151 
L6C.Oll) 
125.0151. 

-27.2 
19.8 
21.8 
-24.2 

17.8 
-3 l i2  

25.8 
29.8 

-13.2 
25.8 

LID1 162.0 ,D,2~,'L 
lllZC174 
12/23/71 
1/21/15 
1/25/75 
3 /25 /75  
412W75 
5,21115 
6/24/79 
7/?'+/15 
B I D  6 I 75 
4 1 P , ,7 5 

091 
o w  
OR" 

39.4 
39.3 
30.5 

,7.b 

O P I  
041 

"D" 
o w  
OR" 

1101 

122.6 
122.7 
131.5 

124.4 

I n . "  11b.9 
11Y.3 
115.4 
117.9 
111.1 
110.5 
108.7 
110.9 
111.7 
Il*.L 
115.7 

26.1 
26.7 
25.6 
23.1 
29.9 
3c.5 
32.3 
30.1 
29.3 
26.9 
25.3 

,PS,,7"-16N"I 5 19 

150.5 2*3.0 111 
126.0151 
121.0191 
719.0<11 
127.0151 
71R.*(ll 
126.1115, 
216.0,Il 
127.0151 
223:o I I )  
127.0151 
2Sl.0,lI 

-P2'.5 
m.5 
2?.5 

-68.5 
23.5 

-67.5 
24.5 

4 5 . 5  
23-5 

-71.5 
23.5 

-70.5 

1101 

151.7 10/2Q,,* 
11/26/74 
,1/P3/7L 

1,21175 
2, P 5 I 7  5 
3/25/75 
4/24/75 
5,21,15 
6/24/75 
l l P 9 / 7 5  
8/26/75 
9/23/75 

51.* 
'3.2 
42.5131 
37.3 
L I . 0  
71.9 
A1.5 
L3.7 
' 0 . 6  
69.3 
56.2 

Der 

100.3 
108.5 
109.2 
1l'l.L 
llD.7 
119.8 
110.2 
1oe.o 
111.1 
1 D Z . l l  
95.5 

1101 

1'6.7 -31.3 
-16.1 
-3-3 

-2I .3  
-,3.3 
-2I.3 

- 9 . 3  
-27.3 
-11.3 

-11.1 
-35.3 

-28.3 

1101 

16P.7 **.I 

31.5 
27.0 
29.6 
23.4 
37.1 

27.9 
4 3 2  
7 o . i  
57.7 

1n.z 

38.0 

114.1 
12*.@ 
127.1 
135.2 
132.8 
138.8 
1PI.B 
126.2 
135.1 
119.0 
111.B 
lW.5 

11111 

176.0 101,117.1 
11/25/71. 
12/27/71 

1/27/75 
2,7E,75 
3, z 4 I7 5 
11,28175 
Y,Z7,75 
6 /23 /75  
7128115 
8/25/15 

s3.9 
s5.r 
05.7 
87.9 
03.t 
90.2 
P9.2 
90.1 
91.2 
93.h 
q3.9 

82.1 1101 
80.6  
80.3 
88.1 
93.0 
85.8 
8h.B 
85.9 
RS.0 
82.1. 
02.1 

025/1211-l6FD2 5 19 163.4 I O / I W T L  116.? 
11/01/71 113.2 
12/1f..I7' 117.8 

l l ( l h l T 5  I"b.6 
2,1'.,,5 l"8.9 
3,1"/75 109.9 
4 / 2 1 / 7 5  106.0 

6,02175 112.5 
1,, ' /75 111 .0  
8,0',7S l l l . 9  
9/1c.,75 116.5 

5 m / 7 5  i o n s  

U . 2  173 
311.2 
25.6 
36.8 
3c.5 
33.5 
31.4 
3'.9 
30.9 
3l.b 
29.5 
26.9 ' 

195." 12,l "IT4 119i5151 35.5 I L C  

-111. 



' TABLE C-l  

GROUND WATER LEVELS AT WELLS 
' SOUTHERN CALIFORNIA 

93.1 I10 137.0 109.1 
107.8 
Nu-0 
110.5 
107.7 
105.2 
IO'..* 
103.6 

, 104.9 
185.9 
ln7A 
121.5 

27.9 
29.2 

,101 025/17W-23KOl F 19 

95.5 
96.0 
90.3 
*7.0 
89.2 
80.7 
81.4 
'78.7 
L59.7 

26.5 
29.3 
31.0 . 32.6 

, 33.6 
32.1 
31.1 

, 29.6 
13.5 

8/25/75 
9,3",15 89." 1111 

93.3 
105.3 
105.9 
96.6 

1os.5 
102.2 

95.z 
1 l ) l . V  
92.1 
85.6 
80.2 

13P.P 1 1 1 0 1 1 1 ~  123.5 '15.5 1101 
12/311711 115.5 23.5 
1/31,75 111.5 , 21.5 
2,2*/75 118.5 , 20.5  
3,31175 113.5 25.9 
4,3",75 129.5 9.5 
5/30,75 121.5 11.5 
6 0 0 0 5  1'5.5 I -6.9 

8,31,75 I'1.5 -2.5 
91,0175 150.1 -11.1 

7131175 139.5 -0.5 

110 110.8 1101 
40.9 
'33.0 
43.1 
3'1.' 
65.5 
'6.8 
*3.9 
L2.8 
LS.9 

69.5 
6R.0 
61.5 
64.0 
65.6 
60.9 
63-7 
66.1 
61.5 
63.6 
72.9 
76.2 

46.1 
$8.5 

'S.1 
+6.0 
L'.O 
*'.5 
41.3 
*3.6 

a . 3  

Ny-9 

77.8 I10 
18.I 
83.2 
811.7 
81.1 
B5.8 
83.0 
60.6 
82.2 
83.1 
73.8 
70.5 

3a.a 

152.5 OR" . "." , 
36.713) 

36.0 
38.3 ' 
37.2 
39.0 
37.8 I 

Oi l"  

"PI 

115.8 

1101 

116.5 
116.2 
115.3 
113.5 
114.7 122.7 11, 

120.3 

120.7 
lZ2.R 
12*.8 
124.1 
121.5 . 
125.2 

1211.5 nor I 
0111 

176.9 10/31/75 101.5 : 73.4 110: 
11,29/7* I"4.2 70.7 
12,2,,71 06.0 7s.9 

,,27,,5 95.5 7P.L 
2 /25 /75  100.3 I 79.6 
3/2LI75 103.6 71.3 
t ~ ~ a m  100.8 rb.1 
5 /77 /75  I"6.7 68.2 
6,23,75 93.8 * 81.1 
?,*WE 49.2 ! 79.7 
8125t75 IOL.6 70.3 

SI.& 112.b 118 
53.a 110.2 
53.5 1111.9 
5J.Q(81 110.1 
52.1 111.9 
+9.7 116.3 
50.5 113.9 
17.4 116.0 
48.9181 115.1 
42.5 111.5 

115.0 11,,',7* 94.0 8 1 . 0 . 1 1 0  
L127/15 86.2 88.8 

16A.0 '11.9 
40.9 
g5.9 
96.9 

100.9 
96.9 
95.9 
99.9 
95.q 
86.9' 
82.9 

110 

59.8 100.3 17 
60.2 99.9 
59.5 100.6 
58.3 101.e 
W.4 101.7 

5'.1 l05.R 
55.4 IPL-7 
55.3 lO1.B 
55.7 1W.L 
59.3 100.8 
62.0 PB.1 

51.3 105.~ 

161.0 BB.8 
89.8 
9L.0 
9L.8 
96.0 

9rr.o 
92.0 
90.0 
BC.0 
81.0 

95.a 

I10 

51.e 101." ,I 
59.5 99.7 
59.2 100.0 
97.5 101.7 
97.5 1 0 L T  
55.1 103.4 
53.5 104.7 
55.9 103.7 
55.1 IDL.1 
S4.b I W . 8  
58.3 l l iD . *  
62.5 96.7 

66.3 113.. I 1  
5Ii.P 109.5 
49.R L09.9 
51.1 IOR.6 
49.7 l l 0 . 0  

, 



TABLE C-l  

GROUND WATER LEVELS AT WELLS 

025/12*-25C08 5 19 

159.1 

155.' 

153.1 

154.0 

155.0 

155.1 

151.0 

1-6.1 

l4b.O 

1012117(1 63.5151 90.5 llol 
11/17/74 63.5151 90.5 
12/2'174 63.515, 90.5 
1/26,75 62.5,51 91.5 
2116175 62,5151 91.5 
3/13/75 60.5151 93.5 
6/27/15 60.5151 93.5 
5/25,15 61.5111 92.5 
6/29/75 60.5151 93.5 
7,27,75 61.515) 92.5 
8t2*175 62.561 91.5 
9/2,,79 61.515, 89.5 

Page 79 far key le Iemo a abbreviolions 

LLZ.0 11/14/76 81.0151 61.0 
,V,W% 81.0151 61.0 
3/11/75 7T.0,51 65.0 
4,11115 BI.OC51 61.0 
5/a7175 79.0151 63.0 
6,11,i4 79.0151 63.0 
lZln/7% 00.D15l 62.0 
R l l U 7 ' i  8 0 . 0 ( 5 >  62.0 
911b175. 79.0151 63.0 



, TABLE C-I 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

GROUND WATER AG*IMCI 
SUilFACE sip%* 
ELF", Ulb 

.z:zE 
*o W ~ ~ R  $ g D*TE S n r E  WELL SURMCE 

~ ELORTKlN 
0 S IN FEET 

W B E R  ,rg:: IN m r  wm 

L5/12U-2RX01 5 19 

,2S,I2"-2~00l 5 19 

. .. 

-3.1 
93.2 
Ql.6 
'15.3 
-0.2 
92.0 

92.7 
9G.T 
Sb.0 

-1.8 

122.0 I l , l W l '  
12,"lllL 

3,,'/75 
'11'115 
5,21175 
b/,'/7S 
7,1105 
8,1'/15 
9,1',75 

51.9 1101 
41.8 
43.6 
14.7 
**.R 
43.e 
'7.Z 
42.3 
bO.3 
39.0 

36.2 I l D l  
36.2 
16.2 
33.2 
31.2 
31.2 
35.2 
3*.2 
3C.2 
16.2 
23.2 

20.0 ,101 
19.0 
16.0 
i2.0 
16.0 
22.0 
19.0 
17.0 
18.0 
1.3.0 
18.0 

32.9 ,101 
31.4 
36.9 
35.9 
33.9 
35.9 
32.9 
33.9 
36.9 
29.9 
29.9 
29.9 

1 1 . 1  n o 1  

11.4 l l 0 l  
13.2 

17.0 
17.0 
22.B 
30.0  
31 .0  
31 .(1 
23.0 
22." 
22.0 

1101 

116.0 07.7 
57.* 
96.9 
96.5 
96.2 
96.1 
96.5 
91.1 
91.5 
9q.n 
"9.1 
99.6 

18.3 
18.6 
19.1 
19.5 
19.8 
10.7 
1P.T 
18.9 
1s-5 
17.0 
16.6 
Le,. 

113 

e Doge 73 for hey to Isms 8 obbreviolions 
-11111 I 

I 
I 

~ 

-8.6 110, 
-7.1 

-1.3 506 ,  

27.5 1101 
29.0 

-22.' 1101 
-lo.& 
-6.L 
-12.4 
-L2.4 
-12.' 
-15.1 
-22.* 
-17.b 
-17.e 
-2*.* 
-,e.* 

0.7  110 
2.B 

18.1 173' 
17.9 
17.7 
n . 9  
18.3 
I8.1 
37.4 
17.6 
18.' 
36.2, 
11.5 
33.5 

31.9 110 
36.9 
35.5 
35.a 
35.9 
36.0 
35.6 
3.3 
3L.T 
33.9 
33.fl 

z1.2 110 
Z7.D 

' 3 . 1  110 
A,., 

38.2. 110 
I*.' 
38.5 
63.11 
'3.0 
39.'. 
' 3 . 0  
43." 
42.9 
' 2 . 2  
'2.L 

62.9 I , <  
67.3 
63.0 
67.1 
66.+ 
59.' 
67.7 
67.- 
6?.2 
er.5 
66.3 

26.5 1,s 
z*.- 
2P.9 
27.5 
26.5 
23.5 
32.5 

i e 

l 
. I  

. i  





: TABLE C-l  

GROUND WATER LEVELS AT .WELLS 
I SOUTHERN CALIFORNIA 

GPOUNO 
BURFBCE 

,o * A ~ E R  
SURFACE ,~ FEET 

GQOUNO 'Iiiu 
~ 

GROUND 
STATE WELL STATE WELL SUilFbCICE WFACE W R Y  5 WRFACE 

= NUMBER 2 ELEX ING ELEVATION ELWAnoN 
8 w FEET u q 111 FEET *I FEET DATA 

5 
3 

OAT' 2 DATE NUII5ER 

0.7 LPOB 
0.9 
0.7 
1." 
D.9 

1m.7 -12.6 

-55.6 
-57.6 
4 6 . 6  
-58.6 

-,2P,.b 
1101 

025113*-,11111', 5 19 -76.5 
-75.5. 
-59.5 

' -63.5 
-69.5 
-71.9 
-73.5 
-59.5 
-65.5 
-70.5 
-61.5 

1101 

176." 10/23/7L 210.9 -3a.9 1200 
11/20/11 209.3 -31.3 
12,20/74 m9.9 -33.1. 
4,25175 211.8 -35.0 
5/10/75 2I1.T -35.7 
6 / 2 5 / 7 5  111:9 -35.9 
7/25,75 211.6 -15.6 
8,77,75 21L.O -35.a 
'/P1/7% 216.2 -38.2 

153." 37.1 
36.1 
38.1 
36.1 
30.1 
30.1. 
29.1 
30.1 
31-1 
29.1 

30.1 
2n.1 

1101 

157." 197.5(51 
196.515, 
192.5151 
192.5191 
197.5<51 
197.515) 
198.5(51 
201.5151 
197.5I5) 
200.9,5) 
201.5191 
201.5151 

-*5.9 
-u.5 
- u . 5  
-60.5 
-L5.5 
-*5.5 
-56.5 
49.5 
4.5.5 
4.8.5 
-50.5 
-*9.5 

-30.0 
-29.0 
-29.0 
-29.0 
-29.11 
-29.0 
-31.0 
-32..0 
-32." 
-91.L 
-32.0 
-27.1 

4 7 . 9  
-61.9 
i l . 9  
-44.9 
-60.9 

-111.0 
-113.9 
-122.9 
7IZ1.0 

11Gl 

, 6 2 2  -36.8 
-36.8 
-36.8 
-36.8 
-36.8 
+1.8 
-41.8 
-*6.9 
-46.8 
4 6 . P  
46.8 

I181 

256.0  1101 

"2s~,,"-2*Col F 19 16k.n 

1R5.0 ,101 

187.0 
162.0 IP/llIT* 23b.OISI -7L.O l L D 1  

1,1417< PZ9.0151 -&7.0 
7116,F P30.0,5, -68-0 
8/09/75 225.0151 -63.0 
P/22/79 228.C15) -66." 

I D P . 0  2'*.1<5, -66.1 
255.1151 -63.1 
31'1.111, -132.1 
2,9.115, -SI . ,  
2*l.IIS1 -62.1 
Z L L . I I 5 )  -62.1 
23'1.1151 -57.1 
239.1151 -57.) 
?'5.1151 43.I 
?'1.115, -6,.I 
243.1 151 -hl.L 

1101 

lL5.7 -,7.* 
-4o.i  
-38.'. 
-*5.'. 
-61.' 
-a'..& 
-53.L 
-a*& 
-'e.& 



I 
.. L 

.;
..

 
I
 

i' AQUIFER . r m 



1 

121.0 6/01/15 .1*9.7(51 -24.7 1101 
7/01/75 :r4*-7<5l -23.7 
8/01/75 ,149,7151 1-28.7 
9/01/75 ,150.7151 .-as., 

11'1*7 

131.0 

167.a 

.Iro.o 
1-59." 

136.7 

u5.0 

135.7 

135.7 

11B.L 

151.0 

281.0 

261.S 

266;" 

214." 

216." 

21r.n 

1 5 2 2  

L%." 

161." 

122.6 

Lnml,r4 ZOJ.1ISI -69.5 , ,Dl  
lllOR174 209.0 -15.n 
lZIOl/TS 206.L1SI -72.5 
1 / 0 1 / 1 5  206.1151 -72.5 
2,0117- 205.1151 -,I.$ 
3/01/75 209.1(5,1 -75.5 
*m,,75 203.1151 -09.5 
5,01175 2116.1151 -70.5 
6/01/75 2n9.1151 -75.5 
7/01/73 207.1151 -73.5 
RII(L17' i  2119.1151 -75.5 
9/01/13 206.115) -72.S 

122.0 1 0 / 0 1 ? 1 ~  IP8.5 -6.5 1101 
11101n4 ILI.5 1-21.5 
12 /01n*  110.5 -8.5 

1/01/75 tzY.S -6.5 
2 / 0 1 / 1 5  '138.5 -10.5 
3/01/75 132.5 ,-10.5 

LI1.h lh l .9  
162.9 
LL,.. 
162.3 
162.5 
161.8 
161.1 
111.7 
162.0 
162.2 
161.9 
L61.5 

:-51.5 l l 0 1  
-51.5 
1-52.0 
1-50.9 
1-51., 
8-50.4 
i-Lg.7 

-0.3 
1-50.6 
.-50.8 
-30.5 
-5z.1 

05.0 13r.0151 
131.014~ 
lW.015, 
177.8151 
125.015> 
125.0151 
119.0 I1 > 
lZ.7.O~51 
130.0151 

10,25,71 P89.0111 -153.3 12110 
i i m m  2 9 w o i  -163.3 
6/05/75 216.0151 - 8 0 . 3  

88.0 

126.3 

173.CC5, 
1,o1-o151 
120.0151 
176.015) 
115.0151 
126.0151 
15*.011l 
119.019) 
132.0151 

ZOP.0. 
1PS.0151 
198.0151 
1P7.0151 
2110.0151 
1 4 6 . 0 1 ~ >  
197.0 

200.0 
199.0 

1 w . o  

i w . a  

L-15.0 l f 0 l  
-'2.0 
- b o . @  
-30.0 
-37.0 
-30.0 
4 6 . 0  
-41.0 
"6.0 

-15.7 l l D L  
43.7 

-70.1 
-71.7 
-69.1 
-70.7 
-71.7 
-73.1 
-72.7 

.-71.7 

-71.1 

11/111/7L 30.5 -235.5 1101 
1 , o a n c  3D. I  235.5 
6/12/75 Nn-0 

xs.9 202.1 -72.? 1101 
165.1151 -35.2 
2110.1151 -70.2 
2nl . l r5l  -71.2 
201.1151 -71.2 
2110.1191 -70.2 
100.1 -70.2 
a8i . i  -71.2 
149.1 -69.2 
201.1 :1L.Z 



:t .. ' T A B E  C - I - -  

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

GROUND 
SURFACE 1 

wAE' 
SURFACE 
W FEET 

GROUND WAlER ffiENCI W U N O  E SURFACE 

2 3 IN FEET 
To W ~ I E R  SURFACE ww STATE WELL E 8 SURFACE STATE WELL 

NUUU:II 2 5 u 4 IN FEET " FEET 
ELNATION ~ SURFACE 

,# 

ELEV' u w a m  > 3 ELEMlION DA7E 

IN FEE1 O*TA , 

151.0 11/01,," ,7,.5 
4/0',75 112.1181 

171.0 112.3,,7* 79.9 
1213n17'r 77.0 

1/7a,75 7'1.2 
2/26,,5 74.0 
l l P 5 / 7 5  77.6 
41/29/75 78.2 
.5/2P175 78.7 

' b / z W 7 5  78.7 
7/2P/75 79.9 
a m m  78.5 

129.0 l O l 0 9 , l L  182.2 

1241,1* 101.1 
1 /06 /15  99.6 
2112175 98.1 
3 /05 /75  97.2 
+,lh175 ' 6 - 5  

6/18/75 96.G 
7/09/75 97.6 
8/20/15 99.4 
9t10175 101.7 

Il/2n/7* 102.2 

s m r n s  07.x 

27.5 110 
38.9 

91.1 110 
92.0 
91.8 
92.0 
93.6 
92.8 
92.3 
92.3 
91.1 
92.5 

26.8 173: 
26.8 
27.9 
29.6 
30.9 
31.8 
32.5 
31.0 
36.6 
31.. 
29.6 
27.3 

31.7 110, 
31.0 
23.7 
31.1 
27.8 
25.6 
31.0 
27.8 
2'.5 

21.9 1101 
19.9 
26.4 
25.9 
26.9 
P7.9 
27.9 
27.9 
18.9 
IL.9 
16.9 
19.9 

31.0 1101 
26.0 
31.0 
32.0 

35.0 
35.0 
3e.0 
2S.O 
22.0 
25.0 
1s.o 

15.9 1733 
l L . 9  
15.0 
19.b 
IS., 
16.0 
16.3 
16.5 
16.3 
16.0 
15.5 
15.1 

16.6 1733 
16.6 
11.9 
18.8 
19.5 
16.8 
19.5 

16.5 
1'.3 
12.6 
13.L 

16.5 1101 
16.5 
17.5 
19.5 
21.5 
20.5 
20.7 
11.5 
20.5 
60.5 
19.4 
l8 .0  . , 

32.a 

i8 .n 

L I... 

160.4 1110U7L 106.0151 54.4 
1102175 103.0151 57.6 
3 / 0 5 / 7 5  1118.0L52 52 .L  
5,01115 101.Ol51  53.6 
7107,E 117.0151. L3.4 
9102175 117.0151 b3.4 

125.0 11,01171 166.5111 -41.5 
1/02/75 86.5 34.5 
3/05/75 110.511l -69.5 
5/01/75 167.5111 -43.5 
7,07/7< 181.5l1) -56.5 
9,02/7- 181.5111 4 b . 5  



STATE WELL 
NUMBER 

OROUND ; 
5"RIbCE 

SURFACE 

WOWD i,::: WATER lVnENCl muwo * 5 SURFACE W~TLTER SURFACE m r -  STATE WELL E Z SYRFPSL 
L1 $ E ~ ~ ~ ~ N  DATE TO WATER *Tkf"' 
8 9 lli FEET IN FEET FEET 

3 EkSmoN ELEV. ING NUMBER 
0 4 IN FEET F:::F IN FEET MT.3 

95.5 7/19/75 322.815) -21.3 11111 
8/15/75 126.815, -29.3 
9/15/75 121.815> .-29.9 

60.0151 -8.5 
64.0(5) -17.5 
75.015) -23.5 
75.0151 -23.5 
77.0<51 -25.5 
75.015, -23.5 

93.5 81.4 ' 
8T.4 
82.3 
81.3 . 
81.1 
81.8 , 
90.9 * 
P0.6 
BO.* 1 
81.3 
82.8 . 
82.2 I 

12.1 
11.1 
11.2 
12.2 
12.* 
11.7 
12.6 
12.9 
12.7 
I2.2 
11.5 
11.3 

1713 

43.0 
'3.7 
61.7 
$6.1 
50.0 
52.1 

N*-9 
w-9 

w - 6  

NY-, 
L6.B .,;, 
k*.O 
56.2 

75.8 
73.4 
a . 5  

63.4 
63.3 
63.6 
63.7 
61.5 
63.7 
66.6 
64.0 
6L.2 
64.A 

67.1 
68.1 
68.1 
6 8 2  
68.9 
69.0 
69.0 
69.+ 
68.8 
68.6 
69.3 
64.6 

NU-? 

3.2 
2.5 
4.5 
1.1 

-3.8 
-5.9 

0.2 
3.7 
3.0 

-9.2 

-27.9 
-25.5 
-16.6 

66.6 
66.7 
66.4 
66.3 
66.5 
66.3 
65.5 
66.0 
65.8 
*5.6 

68.9 
67.9 
67.9 
67.7 
67.1 
67.0 
67.0 
616.6 
67.2 
67.6 
66.7 
66.' 

115.5 10/15/7+ 5C.2151, 121.3 1101 
11/15/74 , 5a.2151' 121.3 

79.0 11/0117* 67.8 ' 11.2 1101 
w a r n s  66.3 12.7 

73.2 10/2717* 01.5 -8.3 U P >  
11/17/76 79.5 -6.3 

73.8 6/29/75 83.5 -9.1 
7/21/75 I 88.5 -14.7 
8121,75 86.5 -12.7 
9,281'5 90.5 ~ .-16.T 

81.5 lllOh174 -81.7 -1.2 1101 
C,OL,75 "l .0 0.5 

61.0 10/21/74 73.9 8 -9.9 5102 
11106176 68.5 -r.B 1101 
12/31/74 03.6 D.* 5102 

1/07/75 66.1 , -0.1 1101 
2,87/75 73.2 ' -9.2 b 

! 

i 
~ 

i 
i 
I 

, 

I 
I 
t 

6Z.O k107r75 NM-I ,101 

63.0 11/06/79 59.5 9.5 1101 
h/O7/75 59.L , 3.6 

62.5 10109n* 60.1 z.* 1733 
11,2017' 96.9 5.b 
1211,111 55.9 6.6 
1/06/75 55.6 7.9 
2/12/15 ' 53.5 * 9.0 
3/12/15 NB-8 
1/16/75 YW-R 
510,,,5 53.0 9.5 
6/18/75 51.6 , 10.9 
7109n5 53.9 8.6 
(I,P0,,9 51.9 8.6 
9/IP175 51.0 11.5 

76.1,81 51.7 
76.218)  52.3 

71.8 
7L.O 
72.8 
12.9 
73.5 
72.5 
73.9 
72.6 
73.0 
7i.l 
74.9 

107.0 
105.0 
106.0 
10Z.0 
102.0 
101.0 
103.0 

106.0 
109.0 

io1.n 

56.8 
5C.b 
55.8 
55.7 
55.1 
56.1 
5*., 
56.0 
55.6 
56.5 
53.7 

k9.0 
21.0 
22.0 
24.0 
2L.O 
25.0 
23.0 
23.0 
2B.O 
1r.o 

50.5 
5L.l 
50.3 
45.0 
b7.2 
50.2 
*2.8 
50.1 
$9.0 
6 B . A  

46.5 
56.5 
66.5 
47.5 
k7.5 
rtb.5 
r5.9 
38.5 
66.0  
'7.0 
69.0 
ri5.0 

60.0 NH-9 
57.1111 
57.1 
56.1 
55.Z 1 

55.3 
55.0 I 

58.4 
Nu-8 
"u-8 , 
NU-A : 
NX-b 

1733 
2.3 
2.9 
3.9 
4.8 
6.7 
5.0 
1.6 

L Z 7 . 6  11/0717' 77.1 
12130171 75.9 
1128/74 5 77.3 
2,2C/T5 "2.6 
3/25/75 80.1 
4129/15 77.6 
5 /27 /75  Lc.8 

7/2*,75 78.6 
W*6,,5 711.8 

6/21/75 77.5 



e G R M l M  2:::2E WATER AGENCY 
To WI\TER SWIWCE EUPPLY- STilTE WELL E 

2 q W FEET , 22:; IN FEET DATA 8 

STATE WELL E SURFIICE 
NUMBER 2 WAmN DATE LLEV. ING NU.WER 

CROUIIO 
SURFACE 

SURFACE 

GROUND 
SURFACE $ ELEV91101( DATE TO WATER ' 

q Ibl FEET I" FEET FEET : 
"-05 
"-BS+il 
"-05.115 

L1.6 1101 
36.9 

LZZ.0 1110111b 
1/28/75 
2126/15 
3/25/75 
4 I ? e I 75 
5 / 2 R / 7 S 
7/29/75 
8 I P I ,  7 5 

& .  ;. 
/j 

80.4 
115.1 

79.8 
79.6 
81.3 
111.3 
81.9 

w-9 I 
I 

I 

I 
! 
I 
I 

i 

1 
i 

i 
I 

i 

42.2 
42.6 
G 0 . 7  
w . 7  
40.1 

I. . 
L".? 1101 
11.1 
LO.* 
'1.0 
"1.7 
39.8 
37.8 
3 7 3  
30.h 
37.11 

120.0 11/01/7* 
12130/1'+ 

I I 2  A I 7  5 
2,26/75 
3/25/78 
I, I 2  9, I5 
5/21,7s 
6 /24 /15  
7/29/75 
8/26/75 

_ I  

119.0 11/00?k 
11211175 
9,2*/75 
3 I 2  5 I 75 
4/29/75 
5/2P/75 
6 / 2 0 7 5  
7/29/75 
8/26/75 

31.a i i n i  
37.5 
37.9 
38.6 
36.8 
3u.2 
3'.7 
32.1 
33.5 

I,?." 10101174 V..n 18.0 
11/01174 104.0 8.0 
12101174 90.0 22.0 

1,01175 96.0 18.0 
2,01,75 9z.o 2o:o 
3/0,,7'i 93.0' 19.0 
',01,75 95.0 17.0 
5,111175 95.0 17.0 
b,Ol/,'i 99.0 11.0 
TIOL175 ID1.0 11.0 
8,01/79 l O D . 0  L2.O 
9/01/75 102.0 10.0 

80.5. 
78.5 
78.5 
78.5 
77.5 
V . 5  
77.5 
RO.5 
.PO.5 
R1.5 
81.5 
82.5 

74.0 
w-9 
'74.7 
74.3 
79.0 
75.0 
74.8 
76.1 
75.0 
75.5 
76.6 

RL.3 
NY-9 

37.5 l l D 1  
39.5 
19.5 
19.5 
*0.5 
LO.5 
611.5 
37.5 
37.5 
36.5 
36.5 
15.5 

56.0 1101 

55.3 

51 .D 
55.0 
55.2 
53.9 
55.0 
56.5 
53.6 

50.r 

k3.2 110 

T 9 . 0 < 5 ,  31.5 110 
79.015, 37.5 
77.0151 39.5 
g9.015, 17.5 
R'.0(5, 32.5 
79.0151 37.5 
90.015, 36.5 
P.O.815, 3 h : 5  
P2.0151 35.5 
R 1 . 0 < 5 1  35.9 
11*.015, 32.5 ' 

94.0 ' 11115/7L 101.2161 -2-2 

R5.015, 30.5 110 
P.5.015, 30.5 
e1.0151 37.5 
n3.0151 12.5 
*1.015, 3L.5 
83.OISI 32.5 
',.0<5, 31.5 
115.015) 39.5 
R A . ( I I $ )  27.s 
37.019, ZH.5 
Ah.OI5, 27.5 
Rll.0191 21.5 

102-1 . 10/01/7L 125.0 -22.9 
I,,0117' 115.0 -12.') 
12,(11,71 111.0 -11.9 

110117S 113.Q -10.9 

mim 4,0,,75 i1o.n 110.0 -7.9 -7.9 

2/01/75 109.0 -6.9 

5,0,,75 , l o ."  -7 .9  
6,01175 111.11 -8.9 

~ l i o i n s  11s.n -16.9 
7/0117E 115.0 -12.9 

9/01/79 117.0 -16.9 
411.0 PL.0 I 1 0  
+'.@ 2k.0  
02.0 26.0 
81.0 35.0 
P7." 3t.o 
P9.0 29.0 
93.0 25.0 
9,a.S &.I) 
Q G . 0  24.9 
%." 23.0 
91.0  21.0 
91.0 27.0 

e page 79,for key to t e r m  a obbreviotion. 
-1% 



105.' I O ~ O l ~ 7 1  ,126.9 
11/01/74 117.9 
12111,171 ,110.9 
LID1175 ,113.9 
P101175 119.9 
3101175 , lP3.9 
' 1 0 1 , 7 5  ,123.9 
9/01/75 119.9 
w 0 , n s  170.9 
+,11,,15 110.9  . 8/01/75 122.9 
9/&1/75 126.9 

8-21.5 
.-,2.5 

'5 .5 

.-11.5 

.-IR.S 
-18.5 
c-14.5 
1-15.5 
1-15.5 
.-17.5 

, 4 . 5  

!-21.5 

92.11 65.5 
6L.6 
6b.3 
63.6 
63.3 
63.1 
63.1 
63.' 
W.8 
65.9 
66.2 
66.3 

26.5 
Z7.L 
z?-7 
Z8.L 
28.7 
28.9. 
28.9 
28.6 
27.2 
Z6.. 
25.6 
25.7 

17: 

BR.0 25.8 
21.3 
10.8 
21.8 
18.6 
4.2 
21.8 

2L.8 
21.n 

18.8 

lli 

Iff?." 10/01/7* 107.0151 0.4 113 
IllOlllii IG5.0,51 2.0 
12,0,,,' 101.0151 3.0 

1/01/75 104.0151 3.0 
2/01/75 101.015, 3.0 
3/01/75 105.V151 2.1) 
*IO1174 109.0151 -1.0 
5/01/75. 107.0L5, 0.0 
W D l / 7 5  98.015% 9.0 
7/01/79 ',00.1),51 7.0 
6/01/75 9 R . O l W  9.0 
9/01/75 100.015) 7.0 

106.6 lDl0lJTL 1'1.0 
11,0,,7* 1,s.o 
121011'). 13L.O 
1101175 129.0 

310,175 1 3 . 0  
1/01175 133.0 
5,01175 1w.o 
6 / 0 1 / 7 5  137.0 
7101175 1'3.0 
8,01175 135.0 
9,01175 v 9 . 0  

2 m i m  1m.n 

12.0 IT  
13.'. 
15.1 
17.5 
17.8 
11.2 
,6.9 
13.7 
13.5 
9.3 
7.R 
9.2 

105.1 ,0,01,7* 122.0 
IllDll7r 120.0 
12,01,76 117.0 
11011?5 117.0 
2,01175 118.0 
3,01175 ) , a d  
4,01175 1,n.o 
5/01/75 I l B . 0  
6,0,,75 119.0 
7/01/75 123.0 
8/0)1175 1P9.0 
P101,75 126.0 

y1h.b 
. - l h . 6  
-11.6 
-11.6 
1-12.6 
-10.6 
-12.6 
-12.b 
-13.6 
-1Z.6 
-23.6 
-80 .6  

i I 

* 

105.0 *0/14,7' 
1 I,,*,,' 
12,2,174 
2111.175 
3/21/75 
4/1L179 
5,07,,5 
6,11175 
7/IL1,5 
8,21179 
V,,&,,S 

0.0 
13." 

15.0 
13.0 
15." 
12.0 
11.0 
1 l . D  
IP.0 
12.0 

i5.n 
92.0 1010117& 110.9151 -18.5 

1110h17L t10.5151 .-18.5 
12/26/74 40.515) -6.5 
3/05/75 1011.5r5, ,-0.5 
6/11/71 107.515> -15.5 
7dOPt75 110.5<51 -18.5 
8,011175 112.915, -20.5 
9/03/75 110.5151 718.5 

035/12Y-ORC01 S 19 97.3 lOt28174 164.6 3Z.7 
1 1 1 2 5 n 1  .%.9 32.4 
,uz3 /7c  ,611.7 .32.6 
1/27/75 6I.O 33.3 
212'175 .6'+1 33.2 
3/21./75 :C3.8 33.5 
wm,75 .63.9 33.G 
5/76/75 : f+ . I  3Z.6 
6 / 7 3 / 7 5  :65.(1 32.3 
7/7W75 :66.O 631.3 
8125175 '05.9 !31.* 
9/22/75 160.2 31;l 

107.0 11/07/71 19.5 33.5 111 
',22,,)5 72.9 3r.1 

IO@." 70.6 
10.5 
70.6 
70.0 
69.8 
6'1.9 
69.* 

70.0 
70.1 
XO.6' 
70.9 

Lln-7 

24.5 
29.5 
29.r 
3a.e 
30.8 
30.1  
30.b 

, 7: 

30.0 
29.1 
29.L 
29.1 



TABLE C-l  

GROUND WATER .,LEVELS AT,WELLS 
SOUTHERN CALIFORNIA 

92.0 82.0 
02.0 
R2.0 
80.0 
40.0 
89.0 

89.0 
'19.0 
91.0 

88.0 

10.0 110, 
16.0 

'10.0 
12.0 
12.0 
3.0 
*.o 
3.0 
3.0 
1.0 

115.0 5/2,,75 79.5 35.5 1101 
b/Z',75 79.9 35.1 
7/28/75 A0.2 34-8 
8/25/75 80.2 35.8 

110.0 22.5 1101 
Z2.2 
2I.0 
24.5 
25.0 
2I.9 
25.0 
22.0 
2L.2 
19.0 
18.6 

98.3 10131171 72.9 25.' 1101 
11126n4 73.0 25.3 
12/27/7L 72.7 25.6 
LIZ7175 7P.b 25.9 
2/25/75 72.6 25.7 
3/2'.179 72.0 26.3 
4/28/75 11.7 26.6 
5 n 7 1 7 5  71.8 26.5 
W z W 7 5  71.8 26.5 
7 / 2 W 1 5  72.b 25-7 
8 n s n 5  72-4 25.9 

93.0 11/0,,,' 85.6 7.L 110, 
4,22175 BO.9 ' 12.2 

89." 20.* 1101 
BO., 
2D.O 
PO.& 
20.7 
21.b 
Z1.b 
Z3.L 
14.2 
20.9 
20.0 

116.0 93.3151 
93.315, 
42.3151 
91.3151 
90.315, 
s0.3t51 
8').3<51 
03.3151 
41.3151 
97.3151 
48.3151 
95.1151 

22.7 ,101 

23.7 
21;7 
25.7 
25.7 
Pb.7 
22.7 
21.7 
18.7 
1T.T 
20.7 

22.7 

89.0 10,,,,,L 91.0 -2.0 1101 
*1,07,,* WI-l  

&,0*/,5 "-I 

20.2 1731 
21.0 
21.I 
22.0 
22.5 
22.7 
2s.9 
22.0 
Z1.H 
20.5 
PO.? 
20." 

07." IO,Lb/7r 
11,1*,7r 

'12,1'/7' 
2,1?.179 
3,07*7'. 
4/14/75 
7/21/75 
6/14/75 
7,14175 
B,ZI,IS 
9, l i  / I5 

25.8 ,101 
2b.R 
25.9 
Zb.4 
29.8 
z,.* 
27.8 

25.R 
25." 
25.8 

2s.n 
10'.0 97.5151 

P2.5151 
R7.5L51 
90.5(51 
RR.5 (51  
R8.5151 
R9.5151 
119.515, 
011.5151 
93.5151 
98.515, 
96.5151 

6.5 
11.5 
16.5 
13.5 
15.5 
15.5 
1L.5 
IL .5 
11.5 
10.5 
5.5 
7.5 

,101 

104.0  -74.9 1101 
13.1 
18.1 

42.9 
21.1 
22.1 
17.1 
15.1 
10.1 
10.1 
L3.l 

IO4.0 5.5 
9.9 

16.5 
12.5 
13.5 
13.5 
15.5 
I&.% 
4.5 
8.5 
L.5 
9.5 

71.1 51.riz) 
51.6 
51.5 
51.2' 
SO.", 
50.a 
50.1 
so.* 
50.5 
50:8 
50.9 
51.1 

19.4 173 
19.5 
L9.6 
19.9 
20.7 
28.3 
20.r 
Z0.I 
20.6 

20.2 
PO." 

20.3 



-.+ 
, 

6',0 -23.2 
-35.2 
-,.3 

-13.2 
-29.2 
4 0 . 2  
-32.2 

1101 82.5 

7n.5 

6 L 0  

62.0 

58.0 

7'rn 

71A 

67..0 

63.0 

63.0 

71.0 

n . a  

11,1517* 388.011) -1D5.5 
12116171 81.ot5.1 -1.5 
1/15/75 lP8.0 -105.5 
2,2404 w.0 -1.5 
3,15/,9 BI.0 -1.5 
1/1117'i BI.0  -1.5 
5/15/75 I B 8 . B  -105.5 
6/13/75 86.0151 -1.5 
7,15,7Li 1Brt .Ol l l  -105.5 
8/15/75 IRO.O<lJ '105.5 
9/18/75 lsn.0tll -105.5 

s9.1 19.9 1101 
60.2 ' 18.8 

111.3 
76.9 
75.2 
70.5 , 
69.9 
70.9 
7R.6 

78.0 
83.9 
R6.5 
R3.1 , 

76.8 * 

-11.3 ,733 
-6.9 
-5.z 
-0.5 
0.1 

-0.9 
-0.6 
-b.a . -8.0 

-13.9 
-16.5 
-13.1 

71.0 

75.0 

81.0 

10/31/71 
11130,7* 
IWJ1171 

1/31/75 
21211175 
3/31/15 
0,30175 
5/31/75 
6/31/75 
7,31175 
8/31,75 
9,30175 

16.0 11e1 
16.0 
17.G 
lS.0 
19.0 
17.0 
17.0 
16.0 
13.0 
13.0 
13.0 
Ik .0  

2.D 1101 
12.8 
?.e 
2.8 
12.0 
12.0 
2.0 

12.0 
12.0 
12.0 
12.0 
1z.w 

10/15,711 
11/1 h17* 
1P,15,71 
1/15/75 
2/15/75 
3119,75 
4/15/75 
5/15/15 
6/15/75 
7/15/15 

9,15175 
w i s m  

130.0111; 
"7.015, 
87.01511 
87.0 
130.0 I 
130.0 
130.0 
130 0 

130.0111 
1 3 0 . 0 t l l  
IrS.O,ll. 

110:0~11'  

-49.0 1101 
-6.0 
-6.0 
-6.0 

-49.0 
-49.0 
4 9 . 0  
-.q.a 
4 9 . 0  
J.9.0 
-49.0 
4 4 . 0  

80.1 1a10717k 62.8 11.5 ,733 
11/1(1/71 62.0 18.3 
12*09/71 61.6 18.7 
l,2"1,5 61.1 , 19.2 
2/10/75 60.6 I 19.7 
3 /"3 /15  60.4 19.9 
4,11,,5 . 60.1 , 2B.2 
5,07/75 6D.4 19.9 
6 /16 /15  61.2 19.1 
7/07,75 60.8 19.5 
W l R / 7 5  62.8 11.5 

BZ.0 9,011175 63.5 18.5 

57.015) 18.0 1101 

55.015, 20.0 
36.11<5,, 19.0 
55.0,5, 20.0 
55.0151 t 20.0 
55.0151 20.0  
57.0<5,  18.0 
59 015, 16.0 
60:0151 15.0 
59.015, 16.0 
59.0<51 ' 16.0 

60.015,  ~ 15.0 

66.6 I 16.3 l T 3 i  
65.9 , I I . 0  
65.6 17.3 
65.0 17.9 
* ~ . 6  , in.3 
64.3 I8.h 
w . 0  1 18.9 
6L.O 18.9 
6I.R l a . )  
65.3 , 11.6 
bS.2 16.7 
*6.* ' 16.5 
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TABLE C-l 

GROUND .WATER LEVELS AT WELLS 

6S.O 

'8.0 5'.515, -6.5 
5 3 . 5 1 5 ) .  -5.5 
63.515) -15.5 

'. bl.5151' -16.9 
59.5151, -11.5 
57.5151. -9.5 
57.5151 -9.5 
53.915, -5.5 
56.51511 -8.5 

50.5131. -10.5 
62,51511 -1*.5 

60.515): -12.5 

101.5 128.0 
128.0 
130.8 
123.0 
119.0 
116.0 
119.0 
119.0 
130.0 
132.0 
135.0 
132.0 

-23.5 
-21.5 
-25.5 
-20.5 
-1+.5 
-11.5 
-16.5 
-14.5 
-25.5 
-27.5 
-30.5 
-27.5 

1101 

106.2 63.Q 
62.8 
62.6 
62.6 
62.4 
62.0 
62.0 
62.2 
62.7 
(12.' 
6Z.U 

OR" 16) 

43.2 IlOl 
U . l  
41.e 
43.6 
'3.8 
44.2 
**.Z 
w . 0  
A3.5 
L3.R 
43.8 63.0 81.015, -21.0 

81.015) 20 0 

73 .0  -10.0 

PI.0 -18.0 
BL.0 ' 1 1 8 . 0  

- 9 0 . 0 1 5 , ~  -27.0 
97.0151 -T..o 
99.0151 I -35.0 

71.015, i -11:s 

R1.O j -18.0 

97 015, 8 -%.e 
w : o < s ,  I -3L.o 

98.4 1010217L 67.2 31.2 L I D !  
lI/OL/7r 67.1 31.1 
12,0,/'L 66.7 311.1 

1,06/75 66.7 31.7 
2/09/75 b6.7 31.7 
3 /12 /75  65.+ 3?-5 

5/08/75 6/09/79 65.g 66.6 32.5 31.4 

7,0817'i 65.9 91.5 
*,I1175 65.8 32.e 
9,01175 '3.6 32.3 

w f i m  6s.r 32.7 

62.0 

' 6 1 . 5  

'8.D15, 1'.0 
48.0(91 I*.O 
50.015,  a.0 
58.0151 ' 4.0 
59.0151 3.0 
'i7.0151 c 5.0 
61.0151 -2.0 
63.0151 -1.0 
63.0151 -1.0 
61.0151 -2.0 
L I . O l 5 l  1 1.0 

97." z7.0 
29.0 
27.0 
29.0 
28.0 
28.0 
32.0 
32.0 
31.0 
30.11 
31 .D 
29.0 

1101 

90,5151 -19.0 
72.515, -11.0 
TZ.5151 t -11.0 
113.5111 , -52.0 
73.5151 -12.0 
72.515, -11.0 
73.515) -12.0 
ll0.511) - w . 0  
111.511) 1-53.0 
120 511) -59.0 
12G:S(l$ -59.0 
122.5111 .-61.0 

9A.5 -66.5 
-16.5 
-'6.5 
-16.5 
-56.5 
-46.5 
4 6 . 5  
-46.5 
-w.5  
-4.5.s 
4 6 . 5  
4 3 . 5  

1101 

b2.O 98.0 -26.0 
P3.J -21.2 
7r.2 -15.2 
75.6 -13.6 
69.1 , -7.1 
73,2 -11.2 
71.6 -9.6 

R2.l -20.1 
86.6 -2L.b 
93.3 -31.3 
"0.7 -20.7 

7L.9 ,-12.9 

115.1 12/27/76 259.0111 -ISL.I1 1201 
6 /85 /75  175.015, 4 0 . 0  

98." 110, 

56.0 lll"7/7C ""-8 I 11-31 
l,OR,75 48.1 , 7.9 

57.0 *0,1'ITr m.5151 -30.5 ,101 
11,07,7. 80.5151 -23.5 
12/21/71 16.0151 ,-19.0 

1,21175 n . 5 1 5 ,  -16.5 

B P a w  79'for hey b lema a abbreviations 
-1%- 
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: TABLE C-l  

GROUND VjATER LEVELS AT WELLS 
:SOUTHERN ffiUiO?NlA 

61.0 1 0 / E 9 / 7 L  113.0 -72.0 5050  

59.3 

59.11 

s9.n 
59.5 
(14.2 
59.2 
58.8 

59.6 
ss.3 
61.0 
61.6 
60.9 
61.0 

sn.8 

0.1 
0.5 
0.5 

91.5 10121,7* 157.2 -65.* 1733 
11/11/7,* Is5.a -66.0 
12/02/74 151.1 -54.3 

1113/15 152.7 -60.9 
2103175 153.1 -61.3 
3/17/75 l s L . 5  :-62.7 
6/07/75 153.7 --.61.9 
5/19/75 155.0 -63.2 
6/09/75 156.1 -64.9 
7/21/15 1W.l --67.3 
8/11/75 1k5.2 -73.* 
9/01/75 155.7 1-63.9 

-0.1 
1.0 

-2.0 
-2.' 
-1.9 
-2.0 

61.0 1GP.3151 
148.3151 
1113.3151 
142.3i51 
IbR.3151 
IAL.3151 
11'1.31S1 
110.3151 
IL5.115) 
l'R.315, 
1*5.315> 
IIT.,IJ, 

-07.3 
-87.3 
-82.3 
-81.3 
-87.3 

-83.3 
-19.3 
-L11,3 
-57.3 
-SL.3 
- *6A 

-89.3 

llQl 

69.2 (-68.3 
.-67.3 
i-65.3 

!+.3 
1-33., 

-40.3 
-8I .3  
.-33.5 
,-a3.3 

1101 

89.3 -&I.* 
-7s.7 

-I?&., 
-189.7 
-19*.7 
-192.7 
-190.7 
-196.7 
-8B.7 
-81.7 
-75.7 

1101 

68.5 1011517* 
11/15,1* 
1211%,71 

1/15/79 
2/15/75 
V I 5 1 7 5  
*/15/75 
9,15179 
6/15/75 
7/13/75 
8,15175 
9,15175 

331.8131 '-63.3 

199.815, -67.3 
131.8151 -66.1 
139 3111 1-70.8 

112.7151 ' - *1.2 
120.0,51 -51.5 
12L.6 -56.1 

121.5 -55.0 
123.0 -54.5 

:i,z.eo> -65.3 

,3s:a,51 '-70.3 

IPI.9111 i-54.3 

,101 

6a.2. -78.8 
-19.8 
-78.3 
-77.0 
-73.8 
-76.8 
-7L.3  
-7 '2  
-78.3 
4 0 . 8  
-83.3 
-81.3 

! l D l  

66.3 5a.2 
58.3 
58.0 
57.0 
51.7 
57.7 
91.3 
57.6 
57.2 
57.' 
91.5 
57.5 

I 
8.1 
B.0 

8.L 
8.6 
"-6 
9.0 
s.7 
9.1 
8.9 
5.8 
8.8 

n.3 

,735 

70.7 15.3 
13.3 
15.,, 
15.3 
13.) 
10.3 
17.3 
16.3 
16.3 
,e., 

. I3 .3  
L5.3 

1101 

!e page 79 for key to !ems 0 obbrevidionr.' f 
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TABLE G-l 

GROUND WATER LEVELS AT WELLS 

5,." PZ.5151 
78.5 
81.5151 
98.5<41 
95.5(51 
87.5152 
9c.515, 

-29.5 
-25.5 
-19.5 
-35.5 
-'7.5 
- 3 . 5  
-*1.5 

i 

53.0 -29.0 
-28.0 
-27.0 
-14.0 
-22.0 

-12.0 
-2." 

-22.0 
-10.0 
-22.0 
-,".e 

-25.a 

90.0 lll2L17' *I.' 8.h 

',09,,ri co.0 10.0 
50." 11,18174 '1.2 a.8 33.5 

33.0 

2a.e 

2n.a 

*Z.PI?l 

37.5 
31.7 

W-5 

-1e.7 

4 . 5  
4 . 7  

67." 

68.3 

105.n 
99.8 
9 x 7  
88.5 
96.' 
55.c 
85-3 

87.0 
95.'. 
111.P 
,172 

82.9 

-58.0 
-52.a 
+6.7 
-61.6 
4q.1 
-38.0 
-38.3 
-35.9 
-338i7 
-,,.I 
-63.6 
.-69.0 

-16.0 
-12.0 

-1.e 
-7.0 
-7.0 
-5.0 
4 . 0  
-5.0 

-I,.@ 
. -15.0 
-16.0 
-15.0 

IOIIW7'  
11/11/75 
,2,07,7* 

l l l r 1 7 5  
2,11175 
1/21/75 
'1,4175 
5,,'175 
6,11175 
7/14/75 
8/14/73 
4/,*175 

b 

a5.0 114.1 
112.7 
lD6.C. 
102.5 
10z.b 
96.8 
65.5 

168.0111 

-13.2 
-66.8 
-60.5 
-56.1 
-56.7 
-50.4 
-19.6 
-122.r 

31.0 -7.0 
-s.5 
-3.5 
-0.5 
-0.5 

0.5 
-4.5 

-12.5 
-15.5 
-13.5 
-11.5 

110: 

A7.7 107.9 
101.3 
95.Z 
90.3 
Be.? 

85.5 
82.1 
86.0 
91.r 

a1.2 

151.b<ll 
1'3.3111 

-53.6 
-',.% 
+Z.b 
-r0.5 
-33.5 
-38.1 
-31.1 
->9.3 
-+6.6 
-93..q 
-95.6 26.L 

25.0 

59.7 
51.3 
6S.Z 
'3.7 
41.0  
r1 .9  
*6.3 

-33.3 r m  
4 9 . 9  
-18.8 
-17.3 . 
-1L.b 
-15.r 
-1o.q 
-29. I, 
-32.1 
-32.5 
4.5." 
4l.4 

123.6 
12r7.7 
116." 
19*.6111 
110.3 
102.8 
101.7 
,W:,,l> 
110.3 
121.5 
1zr.1 
123.2 

-76.5 
-73.6 
-68.9 

-167.5 
-63.2 
-55.7. 
-51.b 

-117.7 
-C,.Z 
-74.' 
-81.8 
-76.1 

56.0 
41.1 

70.11 
66.9 

3r.s 

L6.6 

G6.O 

138.911, 
136.7111 
132.2111 
129.7111 
l Z l . h < l l  
102.2 
120.1 (1) 
L23.3LII 
ILB.PLII 
137.0 ( I  I 
I3".4<lI 
139.rlll 

-92.3 
-90.1 
-6.6 
-83 : 1 
-C.I.B 
-95.6 
-73.; 
- ,h.l  
-*z.i) 

-43.6 

-91.a 
-43.n 

62." ,l,E1,7' .I"-' 



TABLE C-l  

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

70.0 

5'1.0 

3 3 5  

33.0 

L39.3tll 
RO.lll1 
73.8 
71.2 
73.z 
76.3 
71.a 
76.7 
13r.0111 

ii7.8~11 
1'0." 111 

91.7 

-105.8 
-C6.6 
- L O A  
-37.7 
-39.7 
-*z.e 
-38.1 
-13.2 

-101.0 
-107.0 
-1OL.I) 

-5.e.I 

31.0 75.2 
70.1 
67.' 
5n.q 
56.5 
59.1 
57.0 
76.A 

95.9 

e,., 

71.7 

119.611, 

-62.2 
-37.1 
-27." 
-25.9 
-23.5 
-25.1 
-24.0 
-'3.L 
-*0.7 
-62.9 

-1a6.6 
4 8 . 7  

1101 

47.0 

.,e., 11,,5,7' 80.1 -'4.6 1103 
4/09/75 57.6 -21.5 

A6.0 

A6.5 

-6P.O 
-93.0 
4 3 . U  
-96.0 
-52.0 
- 9 l . D  
-96.0 

-103.0 

-1OZ.D 
-105.0 

-*6.5 
-,.5.5 
-38.5 
4 3 . 5  
-36.5 
-43.5 
-*5.5 
-55.5 
-'11.5 
-1*.5 
-58.5 
-61.5 

-27.0 

1101 

IlQI 

b7.+ 
56.1 
49.6 
LL.8 
42.9 
62.9 
53.3 
62.0 
72.6 
6 . 1  
LI6.5 
76.1 

-39.* 420 
-28.8 
-21.6 
-16.6 
-1L.9 
-1A.q 
-25.3 
-36.0 
-W.b  
-37.1 
-511.5 
-58.1 

-47.8 110 

a5.5 -52.5 
-51.5 
-45.5 
-*v.s 
-51.5 
-+3.5 
-37.5 
-49.5 
-'".5 
-49.5 
-**.E. 
-50.5 

,101 

76.3 

-15L.5 

-151.5 
-193.2 
-IS*.* 
-153.6 
-151.7 
-,53.9 
-155.5 
-156.q 
-156.1 
-162.6 

l l D  

' 2 .0  -51.0 
-49.0 
-"I.@ 
-10.0 
-40.0 
4 2 . 0  
-.7.0 
-55.0 
-511.0 
4 0 . 0  

3*." 

35.q 

118 

e page 79 for key lo t e r n  B obbrevihlions 



TABLE C-1 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFO5NIA 

GROUND 
SURFACE 

WWNO 
SURFACE 

NUMSER SURRCE 5rE ELEMION 
STATE WELL 5 E OATS TO WTER - 

," IN FEET *I FEET IN FEET 

19 

19 

19 

3b.5 3,11175 2.6 -2.6 420 
4 / 2 5 / 7 5  2.5 -2.5 

3b.5 5/16/75 39.'. -5.0 
6/"h,15 ' 0 . 6  -6.2 
711w75 A3.0 -8.5 
8,22175 LL.9 - I" .& 
9/19/75 '6.0 -9.6 

W.8 
85.9 
85.6 
83.7 
85.0 

88.9 
42.5 

lB8.9 
172.5 
l"8.4 

a6.n 

-55.0 110 
- w . 9  
-46.6 
-64.7 
-4s." 

-69.4 
-53.5 
-70.9 
-86.5 
-10." 

-45 .8  

'4.5 

**.5 L1/15/1* 100.2 -55.7 I I @  

10 

1,04175 P8.2 -63.7 

07.0 - C Z S  
80.9 -36.b 

71.2 -26.7 
70.1 -25.6 

LL.7 -20.2. 
62.3 -17.6 
93.9111 -49.4 

105.3 -60.8 
111.6111 -67.1 
111.*1,, 4 9 . 9  

75.8 -31.3 

97.811) -53.3 

m.2 

3 5 3  

"6.0 

15.6 

91.7 

80.9 
78.6 
91.0 
.I*.? 

85.8 

179.0111 

175.6111 
179.3(1> 
172.8,lI 

iin.oii) 

96.9 
81.8 
75.5 
71.0 
69.9 
'7.6 
A 6 . 0  
62.3 
72.1 
81.1 
90.5 
93.6 

-55.5 
- w . 6  
4 1 . 7  
-42.k 
-%.a 
-62.7 

-,*?.e 
-1'1.8 
-139.8 
-1w.5 
-137.0 

-50.9 
-38.8 
-29.5 
-25.0 
-23.9 
-31.6 
-20.0 
-16.3 
-26.1 
-35.1 
-4r.5 
4 7 . 6  

1111 

110 

-'6.'+ 173; 
-64.8 
J 4 . 9  
-39.3 
-bo.* 
-38.1 
-31.6 
-L2.6 
-46.5 
-57.3 
-57.0 
-53.0 

29.7 10/02,7* e6.I -56.4 110: 
ll,rn,7* PC.9 -51.1 

1/2',?5 7r.5 -64.8 
2,(15/15 ,*.' -,.'.I 
3 / 1 9 / 7 5  68.3 -38.6 
W l W E  73.6 -43.9 
5,2,,75 79.3 4 9 . 6  
6/38/75 85.5 -55.8 

28.0 

Z D . 0  

70.5 
62.0 
55.7 
52.0 
'9.2 
51.7 
'6.2 
'2.9 
k1.5 
'0.1 
65.0 
67.8 

4 2 . 5  1101 
-34 .8  

. -z , . ,  
-24.0 
-20.2 
-23.7 
-18.2 
-11.9 
-18.9 
-20.5 
-36.e 
-39.2 

"'S,12"-*7FOl F 19 

20.0 9/02/75 ISt.9<11 -131.9 
5/07,75 157.111, -,,7.3 
6 / 0 * 1 7 5  ,SQ.+#, ,  - 1 3 9 4  
7/02/75 171.6ll) -151.6 
6 / 0 6 / 7 5  189.5111 -169.8 
4/03/75 ,7L.,,ll -151.3 

' 0 . 0  IOIOI1/7' 91.8 
11,05,74 82.5 
12110171 76.7 
1/08/79 72.1 
2/05/75 70.2 
3/05/75 70.3 
4/02/75 66.0 
5 /07 /75  62.3 
610'175 67.0 
7,02175 75.9 
8 / 0 6 / 7 5  86.6 
9,a,n< 90.2 

-51.8 
-+2.5 
-36.7 
-32.1 
-30.2 
-30.3 
-26.0 
-2Z.1 
-27.0 
-39.9 
46.6 
-50.2 

-1I.Z 
-13.3 
'12.3 
-11.11 
-11.3 
-11.1 
-10.7 
-12.2 
-14.6 
-Ib+* 
-16.7 
.-*6.0 

20.8 
20.4 

-66.7 
-33.4 

31." 10/09"' 107.9 -73.9 
11/2(1/7L 122.6 -88.6 

1/0*/75 103.5 4 9 . 5  
2 / 0 5 / 7 5  102.2 -68.2 
3/05/75 142.A(ll -108.9 
4/02/75 137.5C11 -98.5 
5 / 0 7 / 7 5  134.211) -100.2 
6 I 0 4 n 5  96.4 -62.e 
7111P175 ,5,.'l,l -119.4 
8/13/75 93.1 -59.1 
9/1"/75 102.7 -68.7 

IZ/IL17' 157.111) -123.1 

35.0 11115P74 35.7 -0.7 
4,08175 36.3 -1.3 

57.0 1 0 1 0 a n 5  1'0.8 -8,.8 
l I / O 5 n &  136.' -79.6 
LZll"17' 1 , I .q  -5*.9 

LID8179 121.5 -6L.5 
2 / 0 5 / 7 5  l l 6 . L  -59.11 
3/05/75 104.9 -51.9 
L102/75 106.8 -47.- 
5/07/76 107.5 -50.9 

56.0 6/01/75 I,,*, ,761.1 
7,117175 133.L' -77.* 
8 / 0 6 / 7 5  134.0 -83." 
9/03/75 139.5 -83.5 

56." 1 o I o B n '  -1311.2 -82.2 
11/05/76 133.9 -77.9 
I Z / Z O ~ C  127.8 -71.0 

1,08,,- 120.1 -6b.G 
2/05/1+ 113.8 -57.8 
3/09/79 106.9 -50.9 
L/0? /79  108.1 -52.1 
5/07,,5 ID'.+ -*s.c 

56." 6 / 0 4 / 7 5  115.8 -6L.b 

f 

I 

! .  



I TABLE C-l 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

5'.0 7/02/75 . l X . 6  I-17,b 1 l " l  
8 / 0 5 / 7 5  ,372 wn.2 
9 /03 /75  ,135.1 1-81.] 

3l.O 

' 6 . 0  

*6.4 

36.7 

34.5 
47.2 

a5.2 

1-Rl.5 

.-63.7 
5-57.5 
1-51.1 

-48.2 
-59.8 
i-78.1 
-165.4 
(-80.2 

:-77 2 
I-& 

:-$7.5 

1101 

30.7 

30.* 

11,15nL 50.6 -32.7 110 
5/09/75 w.2 -24.3 

1-57.6 L2O6 
.'52.0 
1-411.0 
.-Lo., 
.-37.(1 
:-31.3 
1-31.5 
I-29.1 
L Y 2 . B  
.-*3.5 
.-51.3 
2-54.9 

'IO. ,  

-5.5 ,111, 
, -5.3 **.o 

22.7 

22.5 

11/15,7L 62.5121 -38.5 110 
5 / 0 7 / 7 5  NW-3 
611,175 63.61'1 -*0..9 1-65.3 I I O L  

.-59.3 

.-51.0 
1-16.0 
1 4 7 . 0  
.-31.8 
.-35.* 
.-33.b 
1-41.0 
.-51., 
.-e.1.1 
.-62.1 

22." 

2Z.I 

i 
14.1 

). page 711 for hey lo le- 8 abbreviotims 



' TABLE C- l  e 

GROUND WATER LEVELS AT WELLS 

"-05  
"-OS.& 
"45.115 

-7.3 I l O l  
-6.2 

-12.7 
-15.Y 
-LI.2 

-23.8 1101 
-23.1 
-21.0 
-20.9 
-19.3 
-21.1 
-29.9 
-31.7 
-3D.R 

-20.2 
-20.8 1101 

- i n . *  
-18.3 
-1.7.0 
-19.0 
-*7.2 
-31.5 
-Ea.& 

-16.6 1101 

-1.x I101 
-1.3 

:-o.e 
-8.8 

-11.1 
4.7 

-17.0 J i m  
-16.1 
-,6.9 
-25.4 
-29.6 
-26.2 

-*.a 1101 
-I.* 
-3.7 

-11.0 
-14.0 
-11.5 

-21.9 1206 
-18.7 
-,h.5 
-13.9 
-14.1 
-17.5 
-26.3 
-28.11 
-27.0 
-26.1 

-2e.e 1101 
-21.7 
-25.1 
-33.2 
-37.5 
- 3 i . S  

-9.9 1101 
-9.L 
-7.6 

-,s.3 
-1517 

-51.1 110' 
-67.9 

-92.0 4201 
-99.', 
-99.5 
-99.3 
-99.7 
-91.0 
-97.4 
-96.5 

- ,00.7 
-100." 
-41.e 
4 A . L  

-27.7 110 
->e.* 

-98." 505 

-40.5 11" 
46.3 

-59.7 6211 
-5%)  
-55.1 

-15.n 

16.3 
15-2 
31.7 
1L.9 
23.2 

32.9 
32.1 
m.0 
?9.9 
Z8.3 
311.3 
38.6 
*?.I 
19.8 

30.8 
30.2 
28;* 
28.3 
27.0 
29.0 
17.2 
41.5 
m.* 
16.9 

11.1 
10.6 
10.1 
18.1 
m.* 
1e.o 

25.6 
PI., 
26.9 
33.L 
37.6 
3b.Z 

13.0 
13.' 
12.7 
20.0 
23.0 
20.5 

31.8 
3b.h 
3Z.' 
29.7 
30.0 
33.' 
,e.* 

41.0 
$0.1 

50.9 
50.0 
A7.L 
55.5' 
5P.8 
56.9 

32.0 
11.5 
29.7 
37.9 
60.' 
31.8 

99.3 
92.0 

1z5.0 
I32.b 
132.5 
132.3 
131.7 
126.0 
130.9 
IZ9.5 
13L.7 
L31.8 
IPR.6 
132.' 

45.' 
51.6 

136.1) 

125.7 
1P.i 

I I S . 1  
1 w . 3  
l'L.1 

42.a 

21.6 ,0101171 
11/0617* 
1P101174 

1108175 
2 1 0 V 7 5  
3 /05 /75  
*102/75 
5,07175 
6/01/75 
7/02/75 
S I2 0 / 7 9 
9/0,,75 

-137.2 
-130.2 
-130.8 
-128.2 
-126.i 
-124.9 
-121.9 
-1P7.4 
-131.2 
-1311.3 

-55.9 
-133.6 

1101. 

4 5 . 2  '206 
4 2 . 2  
-*0.2 
-35.0 
-21.8 
-27.6 
-43.1 

-'.)A 

-37.9 A m 6  

-52.* 4206 

-52.9 l l D l  
-96.6 
-*0.2 
-24.9 
-19.z 
4 B . l  
-50.2 

-52.3 1101 
-*e.,, 
-,.0.1 
-2v.5 
-38.8, 
-46.6 
-49.6 

-37.6 6201 

-76.3 'ZOl 
-71.7 
-68.8 
+5.5 
-*L.l 
-15.9 
--,.I 
-58.9 
-70.0 
-71.7 
-71.1 

- 7 0 . 0  1 1 0  
-66.0 
-58.3 
-52.4 
-63.6 
-69.3 
-6A.6 

-*0.0 1 1 0  

-18.5 110 

-16.3 110 
-15.7. 
-,,;e 
-1s.z 
-22.6 
- 2 l . L  

-,,.s "20 

-11.7 I 1 0  
-10.9 
-9.5 

-15.5 
-14." 
-17.4 

-39.1) I," 
-31.8 
-71.6 
-31.7 
-36.9 
-3r.z 

. .  

15.0 11,15171 52.' 

16.6 *1,15/74 69.0 

r 

22.7 10 /15 /7L  75.0 
,1,05,7u 69.1 
12,1",1* 62.8 
6 / 0 L / 7 5  58.2 
7 / 0 2 / 7 5  61.5 
8,0k,75 69.3 
9/03/79 72.3 

21.9 1011511' q1.9 
,l,"c.,l* 17.9 
I?,,",,& a".? 

2,., 6,06175 73.7 

11.9 ,0,3",7* 43.9 
,1,21/74. 43., 
1/02/75 W.5 
6/76/75 '1.6 
,,3",75 ' 8 .8  
8 / 2 6 / 7 5  '6.1 

. . 



TABLE C-l 

GROUND LYATER LEVELS AT WELLS 
, SOUTHERN CALIFORNIA 

"-05 
I "-05.e 

"-@5.1s 

, -'e., 480! 
, .+6." 

4l.Y 
-19.1 

, -36.4 
+'A 
-57.q 
-03.5 

, -26.6 110) 
-12.1 

-94.z l l 0 i  
-%.I 

'-,"3.1 5051 

-in.* 

" 4 5  
U-09.4 
u-05.iis 

-2.9 111 

- l t .6  111 
-1r.o 
-10.6 
-24.Z 
-Po .3 

6.' 111 
*.4 
4.6 
l . 2  
2.6 
1.6 

-4.q 
-7.5 
-3- 

-1.' 111 
-I .Z 
-1.3 
-3.1 
-2.4 
-3.9 

-12.2 
-15.6 
-11.6 

1:q 11, 
8 . A  
2.6 
I - ,  

-1.1 
1.3 

6.9 51< 
5.5 
6.9 
3.L 

-3.6 

2.1 111 
2.' 
8..l 
2.1 
I. 7 
1.5 
0.1 

-0.7 
-1.1 

8.1 ,I< 
8.6 
z-7 
7.1 
5.1 
4.1 

-1.7 
-*.e 
-2.u 

2.6 , I <  
z.7 
2.' 
2.1 
1.9 
1.1 

-0.2 
-1.7 
-2.0 

6.5 11, 
7 -% 
5-6 
' . R  
*.a 
h.1 

-1.4 
-3.3 
-2-0 

1.0 lli 

1.1 
0.9 

-0.2 
1." 

'0.1 
- 0 . 3 ,  
0.1 

5.0 I , ,  
6.2 
5.9  
6.P 
A. 1 
3.0 
-3." 
-e.* 
-3.5 

a h  

a.9 1, 

13.3 

22.0 
21.5 
21.0 
34.6 
30.7 

0.* 
5.9 
6.2 
6.6 
" -2  
9.2 

15.7 
18.3. 
11.7 

12.2 
12.0 
12.1 
1P.9 
13.2 
14.7 
23.0 
26.2 
2P.C 

8.1 
9.2 
7.6 
8.9 
11.1 

R..? 

19.5 
18.1 
21.h 
28.6 

15.9 
15.6 
15.9 
1 5 9  
16.3 
16.5 
17.7 
M., 
11.1 

9-9 
9.6 

IO., 
1 0 . 9  
12.9 
11.9 
19.7 
22.6 
2b.L 

13.4 
13.3 
13.4 
13.9 
14.1 
,+.I 
16.2 
17.7 
18-0 

9.6 
8.R 

10.) 
11.2 
1 1 8  
I,.' 
17.8 
19.3 
18.8 

14.0 
14.1 
13.7 
1'2 
15.2 
1L.O 
15.1 
15.3 
TI.' 

9.1 

9.1 

10.4 
12.6 
10.8 
21.6 
18.5 

I"., 

18.5 

n.n 

n.n 

19 

19 

19 

19 

25.0 ,012117' 17H.1 

10.2 
9.1 
8.0 
9.3 
9.1 

1G.I 
17.3 
1b.L 

lQ.6 
16.3 
15.8 
17.7 
15.6 
IT.3 
W.5 
28.5 
26.0 

18.n 
ia.9 
17.8 
19.1 
70.3 
21.1 
77.6 
32.4 
75.1 

6.0 
4.3 

:*.2 
P.0 

1a.o 
11.5 

4.2 
6.5 
4.4 
9.1 

lb.0 
11.4 

6.6 
6.0 
8.3 

15.5 
11.5 
15.2 

74.6 
211.6 
13.1 
w . 0  
3b.L 
32.9 

6 3  
16.1 

8.B 

9.2 
16.5 

20.5 
16.2 
19.5 
11.0 

1 7 . 2  
21.2 
26.t  
35.r 
39.5 
7 5 . L  

7.5 

6.5 
5." 
6.3 

15.7 
17.8 

1n.2 

' -1.2 I l O l  
-0.1 

, 1.0 
I -Q.3 

- * . I  . -5.1 
, -11.3 

-7.4 

-7.9 1101 
4 . 6  
-9.1 

I - 1 1 . 0  
-8.4 

-10.6 
$ -17.8 

-21.8 . -1q.3 

I I .*  
" _ h  ... 

-0.2 
8 -6.7 

-11.5 
4.2 

*.O 1101  
3.7 

-1.0 
-6.0 
-3.5 

3.8 

1.8 ,101 
3.5 
3.6 

-1.1 
4 . 0  
-1.* 

-0.6 I l B i  
-0.8 
.-0.3 
-1.5 

. -6 .5 
-7.2 

8.0 1013111* 
lllP7/7L 

1 /02 /75  
6 / 7 6 / 7 5  
7,31175 
8,26175 

8.0 10/3117* 
ll,Pl,,L 

llOP,75 
b,,h,75 
7/31/75 
8 / 2 6 / 7 5  

8.8 10,31171 
11/27/71. 

1/02/75 
' ' 6126175 

7 1 3 1 n 5  
8/21,75 

-16.4 110 
-16.6 
-15.1 
-24.0 
-28.4 

I -2*.9 

*.+ ,lo! 
-5.3 
2.3 

1.9 l l n l  
-5.* 

8 0.9 

It.? 6 / 2 6 / 7 5  
7,3,,75 
8/26/75 

11.1 11,27,1a 
6,26175 
71,1175 
83/26/75 

-9.6 ,IO. 
-5.1 

8 -P.* 
-2.9 

'-16.8 1x0, 

1 -15.0 
-16.1 

-2r.3 
-2e.4 
-2*.3 

3.* 'BO< 

,.9 I l ' l i  
b.5 
'.I 

-4.1 , -,.* 



TABLE C- l  

GROUND WATER. LEVELS .AT WELLS 

11.1 
16.6 
15.6 
16.0 
17.6 
26.6 
19.7 
27.2 

5.6 

10.3 
p . 3  
9.2 

10.8 
12.6 
12.9 

10.6 
10.6 
10.2 
13.1 
13.6 
13.1 

7.1 

1D.R 
11.3 
11.0 
12.5 
11.9 
15.1 

11.r 
12.1 
1L.7 
17.1 
16.3 

19.0 
19.7 
19.0 

??.I 
12.Q 
21.5 
zz.2 
25.9 
Zb.1 

76.4 
341.8 
33.6 
30.5 
32.9 
3L.6 
L2.L 
'6.2 
6 3 . 0  

69.3 
r5.9 
'5.6 
'1.2 
17.8 
7b.2 
36.1 
38.. 
46.0 
53.1 
56.1 
52.6 

'L.9 

5.6 

3.2 
2.9 
3.8 
L.6 
*.O 

6.9 
7.3 
6.4 
7.5 
8.8 
8.7 

72.3 
?'.L 
P3.l 
27.0 
' 0 . 3  
7L.A 

6.2 
7.1 
6.9 
7.c 

15.0 ll/PL/7b 
1/02/75 
2,01175 
1101175 
5/01/75 
6 /76 /75  
71311175 
8,26175 

0.9 1101 
0.* 

-0.6 
-1.0 
-?.6 

- ) I . *  
-1'8.7 
-12.2 

2.5 1101 

-2.2 1101 
-2.2 
-1.1 
-2.7 
-,.5 
-4.8 

0.1 10/31/7* 
11/26/76 
1102175 
b l Z W I S  
7,l",T5 
8/26/75 

-I.* 1101 
-1.6 
-1.2 
-6.1 
4 . 6  
-4.1 

2.6 1101 
(r70.0 110 

-0.9 1101 
-1.4 
-1 -1 
-2.6 
-5.0 
-5.2 

-0.5 
-3.1 
-5.5 
-4.7 

0.2 l l 0 1  
'b5.O 2ZE-G 

226.5 
239.5 
231 .i 
252.2 
252.2 
252.0 
21z.0 
213.0 
242.0 

111) 

0.9 1111 
0.2 
I.? 

19.2 10131/14  
11,2,,1r 
1102175 
6/26/75 
1/31/75 
B,Zh/75 

-1.9 ,101 
-3.2 
-2.3 
-3.0 
-6.7 
-6.9 

' 7 0 . I  236.9 110 
Z21.P 
221.9 
2PR.9 
22-3.9 
P91.V 
231.9 
226.9 
226.9 
210.9 

-13.6 1101 
-13.8 
'12.6 
'15.5 
-11.9 
-13.6 
-21.0. 
-15.2 
-22.0 

1 

*71.n 

-41.3 m o t  
-37.9 
-37.6 
-33.2 
-29.8 
-28.2 
-28.1 
-lo.* 
-36.0 
-41.1 
-rf..1 
4 e . b  

T.L 1111W71 

5.0 11/15/71 

-37.5 *PllC 

-0.6 l l D l  

-0.2 1101 
0.1 

-0.8 
-1 .b 
-1.0 

: 

-1.7 1101 
-2.1 
- I . ,  
-2.3 
-3.6 
-3.s 1 

-+.* 1101 
-6.5 
-5.5 
-6.1 

-12.4 
-6.9 

-1.2 , l o :  
-2.1 -,.' 
-2.11 

.. .- ! a  



I 

e TABLE C- l  

I 
GROUND .WATER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

u-05 
"-05.8 
u-05.01 

"-09 
"-0S.A 
U-05.Pl 

683.2 ,101 

503.0 

693.5 1200 
595.7 

195.5 r2vo 
500.9 

5W.O 1200 
5 0 6 . i  

597.7 ,200 

5 o . n  
510.8 
509.3 
510.0 
' 9 7 . 2  
491.2 
691.6 

512.6 120" 
515.2 
517.1 
518.1 
519.6 
$18.3 
520.3 
520.1 
519.P 
510.3 

502.9 

512.6 ,ZOO 
516.3 

508.9 ,200 
510.6, 

5**.a 
513.9 
5IE.V 
5ba.1 
*P9.*. 
n19.a 

501.1 1ZOC 
507.5 

505.8 120< 

515.6 12W 
5,9.+ 

510.6 l2PL 
319.1 

511.7 120, 
518.7 

512.5 120, 
516.6 

505.5 120, 

507-9 l Z D l  
511.1 

507.a 1 Z W  
511.4 

503.5 IZO, 
5 0 7 2  

504.9 12m 
587.b 

698.8 Lael 
503.7 

w 9 . 1  12m 

502.r 
583.5 
503.3 
504.5 
506.3 
507.2 
507.1 
507.L 
* m . 7  
$93.7 

198.i ,so, 
503.6 

'96.5 IEai 
501.2 

W 2 . 5  120, 
w 7 . e  

508-3 

5io.n 

501.8 

455.9 7/11/75 186.0 272.9 llOL 
e/o,/,5 193.2 265.7 
9/09/15 196.3 , 2bZ.b 

M 6 . 3  206.0 260.3 
198.0 268.3 
198.8 267.5 
178.9 PR7.' 
190.0 ~ 216.3 
lP6.3 2IO-0 
BO'.O 262.3 
201.6 I 258.9 

,101 

650.0 , 221.1) 
PI2.* 
20L.9 
110.0 

I 1n.m 
181.0 ~ 

201.5 
196.0 
1R7.9 ' 

229.0 
237.6 
a5.1 
2 m i o  
273.0 
267.0 
2LA.5 
2511.0 
262.1 738.0 1O/L7/7& 225.r 

12117/1k 220.3 
1/16/79 219.6 
2121175 ?le.+ 
1t2ittTci 219.7 
W P W 7 5  717.7 
5,20175 217.9 
b/lZ<79 218.2 
7 / 2 5 / 7 5  227.7 
B/21/75 229.T 
9/16,14 235.1 

~ i / i m +  722.n 
215.0 
2083.0 
200.7 
193.8 
190.0 
183.3 
1P1.5 
187.0 

201.5 
207.8 
196.' 

191.7 

I ZL6.0 ' 253.0 
260.3 
261.2 
271.0 
271.7 
279.5 
276.0 
869.3 
259.5 
253.2 
261.6 

1 2 0 0  

'19. I 10I3DIIL 
l l lP117* 
1213,/7c 
1124,75 
2,27175 
3,*1/75 
4,21115 
5,22,75 
blZW75 
7/2'175 
812*,75 
9/3",75 

160.7 
160.8 
161.1 
157.9 
154.8 
151.' 
149.9 
1L6.5 

lbr)., 
193.7 
P 2 . B  

1nr.2 

278.' 
270.3 

I ZB1.Z 
284.3 

289.2 
292.6 
291.9 
289.8 
285.4 
396.3 

2m.0 

?a? .Z 

713-1 

7lb.L 

732." 

m . 6  

7IT.q 

721.1 

711.0 

713.0 

713.3 

71,J 

710.0 

699.0 

691.6 

661.O 

bT7.5 

667.7 

322.5 1101 

328.2 1101 

333.. 1,Dl 
335.8 

L l O l  

35,.* 1200 
321.6 
351.h 
351.8 
351.5 
351.5 
351.9 
350.6 
350.5 

1101 

,101 

348.0 ,200 
347.9 
347.1 
3*7.9 
34R.0 
3LB.l 
318.0 
3w.o 
348.0 

343.9 ,101 
346.0 

339.7 1101 
345.9 

671.6 1101 
$72.3 
L73.3 
471.8 
673.7 

173.1 111)1 
'73.6 

478.2 1101 

589.0 11,1(1,1" 091 
*/23175 091 

661.0 5/06/15 Ne-3 

615.2 I O / P l ~ 7 4  67.2 
ll/PO,74 ' 67.3 

4,2',75 67.3 
5,21175 67.2 
6/25/75 67.1 
1/25,75 67.2 
8/27/75 67.2 
9/74,75 07.2 

I P I Z S ~  ri1.s 

653.5 11/18/7" Qb.6 
*,E,,75 93.7 

G35.2 11/18/7'a 45.1 
,,23/75 RP.3 

681.0 1010,,74 219.4 
,1,,4,7* 7"B.I. 
,P,I",71 207.7 

1102175 207.2 
2/04/75 PsI.3 

681.0 3 / 0 5 / 1 5  207.3 
l,OP,,S 2 O I . 6  

693." ,111A17' ZLI.8 



TABLE C-l  c 
GROUND WATER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

G R O W  GROWD WUFR AGENCY tilO""0 
siAiE WELL 2 SURFACE SURFACE SUPPLY. SURFKE 

NUMBER IHG 3 E I . ~ ~ C H  s 4 IN FEET :,""E:: It1 FEET DATA IN FEET 2 OATE ELEY 

"-05 
" 4 5 . 8  

'u-05.81 

63, .W b59.9 
658." 
463.2 
rb7.4 
461.1 
463.0 
1165.9 
663.8 
461.3 
660.5 
-6.5 
-2.7. 

11111 

650.5 1101 

661.0 10/07,1* 
11/01/71 
lZlOel74 

1/02/75 
2/01/15 
3 /06 /15  
'103175 

6/05/75 
7/01/75 
9/01/75 

s m m  

464.6 
431.5 
L67.A 
b71.3 
'33.1 
*1'.6 
+6?-3 
139.3 
kh9.3 
"68.8 
4L7.8 

1101 

555.1 117.2151 
116.1151 
115,4151 
116.2151 
107.4151 
107.2i51 
107.2F.l 

105.1151 
1L5.R#11 
152.2111 
I5h.llll 

i o 6 . a w  

ma.1 
639.2 
L31.9 
43P.1 
w.7.9 
918.1 
448.1 
'48.5 
L50.1 
'09-5 
L03.1 
3 w . 2  

110 

669.0 10115,114 191.7 
11/12/71 193.0 
12,,,,11b 191.0 

1,01175 198.9 
ZllR175 IW.3 

W22175 187.1 

wL'115 181.6 
7/29/75 ' 193.3 
9/16/75 201.6 

w w v s  i8n.a 

5/21/75 188.3 

b'1.3 1201 
W2.@ 
47L.O 
474.1 
'175.7 
676.2 
'77.9 
616.7 
$77.4 
'ITL.7 
C63.1 

681.8 237.1 
2S5.I 
2I7.l 
PL9.1 
239.1 
237.1 
239.1 
223.1 

111 

6C3.0 412.1 
463.7 
667.6 
66v.3 
465.6 
'65.1 
465.0 
450.7  
bb6.0 
A'R.7 
'37.3 
L24.8 

110 

557.7 bL7.6 
4*7.3 

4 W . R  
W R . 9  
w4.9 
'90.1 
'50.3 
451.0 
395.9 
388.0 
"2 .8  

s'n.8 

111 

6'6.3 

i 

5'6.5 108.4 
107-7 
107.8 
106.0 
106.5 
1 0 6 . 1  
106.1 
106.3 

,105.0 
109.D 
115.6 

11' 

637.9 386.8 
r 5 D . b  
464.1 
'67.1 
389.1 
4bC.1 
662.9 

1U6.4 
316.5 
362.3 
' 4 5 . 6  

384.5 

111) 



I 

TABLE G - I  
GROUND WATER LEVELS AT WELLS 

I9 

LP 

611.1 10,17,71 '105.9 
4/25/79 jlOL.5 

639.1 10/1117C 176.0 
6/25/75 123.3 

59h.1 10115/71 156.9 
IlTlP/7a 155.9 
12/17/74 ,156.2 
1/11/75 156.I) 
2/18175 156.6 

6/29/79 151.9 
5/27/79 153.5 
6/11 /75  193.6 
7/15/75 156.7 
8 /19 /75  157.1 
9/16/75 198.1 

3iiwr5 156.0 

5t2.0 111131171 163.3 
11/21/74 162.9 
1213,171 111.0 

112'/75 167.6 
2/21/79 169.0 
3/26/75 169.0 
5 / 2 7 / 7 5  W . 6  
6/25/75 151.7 
71?4175 159.1 
812W75 152.8 
9130175 1LB.2 

"-05 
1U-05.5 . "-05.BI 

: 382.5 120 
383.8 ! 382.7 

i3R4.9 
$ 386.7 
388.1 
3m.5 

j 376.9 

I 1208 

433.2 12Dl 
1m9.9 

120, 

'9R.3 120, 

*L)O.* 
.501.1 
501.3 
501.1 

ia'A.7 
.*w.n 
:696.3 

'505.2 1201 
'506.6 

.*99.1 1201 
:500.3 
500.3 

,501.3 
.501..6 
,501.5 
:5D1.0 
.'911.8 
648.8 

513.1 IZO< 

j G99.2 

,515.8 

A3T.Z 1201 
'b38.2 
,637.9 
,138.1 
.*17.5 
$38.1 
*L0.2 
,440.6 
540.5 
43e.4 
*37.0 
*36.0 

3511.8 1 1 0 1  
357.7 

'+35.6 1200 
636.5 
137.7 
*w.+ 
638.0 
A36.9 
436.9 
637.6 
b37.Z 
b36.5 
4J5.I 
'35.9 
I 
386.6 1200 
383.7 

787.5 , 
3m.7 lPeD 
349.1 
351.0 
3 W . l  
343.0 
3b3.0 
3211.' 
E*., 
352.9 
359.2 
343.8 

,200 

176.1 L0115/7L 289.7 
11/17/74 208.0 
12/,7,,4 201.0 

3 / 0 7 / 7 5  1'35.2 
2,04115 191.9 
3111175 l9G.2 
1,01175 I%.& 
5/?0/15 193.2 
W17/75 193.9 
7 /15 /75  196.8 
8/19/75 2OZ.Q 
9/16/75 203.2 

*hI.O 10115/7L 216.6 
11,12111 Zl1.l 
12I17I74 199.5 
1,211175 190.6 
2/IB,F 187.0 
3,18175 185.1 
4,01175 183.4 
5/20/75 186.9 
6/17/75 192.6 
7,15,,5 199.0 

4,1605 2m.a 
8/19/75 107.5 

46k.11 10101/7& 11,?9/,1 PI6.5 205.5 

12,;1117* 201.4 
1,3117'. 190.3 
2,28,75 l8A.5 
3/31/74 185.0 
4,10,7. 183.7 
5)130175 190.8 
6,10,75. 198.6 
7131n5 201.1 
R,Z'),,5 ZOR.4 
9/30,,'. 197.8 

524.8 11101171 36.6 
4/18/74 NW-6 

"-05 
U-05.8 
U-05.01 

12, 

2b7.0 121 
268.7 
275.7 
281.5 
281.8 
282.5 
282.3 
283.5 
282.8 
279.9 
27'1.7 
273.5 

2u.4 12< 
249.9 
261.5 
270.L 
27li.o 
275.9 
277.6 
274.1 
268.1 
262.0 
253.5 
260.2 

2+7.5 120 
2ss.5 
262.6 
273.7 
275.5 
279.0 
280.3 
273.2 
265.6 
260.') 
255.6 
266-2 

252.1 L20 
257.7 
262.1 

269.8 
260.2 
255.0 
263.6 

489.4 120 

120 

666.7 110 

326.3 120 
526.4 

926.6 120 
525.6 

120 ,. 
52A.1 1U 
525.7 

520.5 120 
523.3 

521.8 I20 
523.6 

516.9 120 

5.0.6 1ZD 

535.3 ,PO 
516.1 

565.9 .,a 
566.0 
566.* 

5'11:o 



u-05 
"-05.8 

, "-05.nL 

10.8 706.3 1200 

"-05 
"-05.8 
"-05.R1 

729.6 A123175 163.8 
5/23/75 103.7 
61,7175 I W . 3  
7/18/75 163.8 
8/29/75 16k.7 
9/25/75 165.9 

565.8 ,200 
,565.9 
'565.3 
565.8 
506.4 
563.7 , 

86.3 573.11 1ZO" 
86.6 572-7 
06.i 572.6 
86.5 512.8 
86.1 572.9 
86.6 572.7 
87.3 572.0 
81.9 571.6 

118.9 
116.0 

100.2 
99.5 
99.3 

I*., 

66.0 
65.7 

DRY 161 

N*-* 

w-* 
12.2 

6.0 
7.3 

26.B 
26.9 
26.9 
26.8 
2617 
26.4 
26.1 
24.3 
26.2 
26.3 
26.9 
Z6.9 

13.4 
13.5 
11;5 

nri 
8.D 
7.4 
5.6 
5.9 
6.) 
1.1 
7.2 
7.9 

12.0 
11.5 
9.8 
9.8 

10.0 
10.5 
I , . ,  
11.5 

20.2 
19.2 

16.0 

17.3 
17.1 
16.9 
15.7 
15.2 
15.8 
16.2 
16.7 
16.1 

26.k 
26.6 
26.6 
25.5 
25.L 

'25.r 
25.6' 
25.9 
26.1 

29.9 
29.8 
29.7 
29.5 
2%.1 
29.1 
28.7 
ZU.5 
211.5 

533.5 l2DL 
536.4 

551.7 IIOI 
552.6 
552.6 

l Z O l  
617.1 

586.0 1201 
586.3 

1101 

l l 0 ,  
687.8 

698.1 IlO! 
697.7 

701.6 110 
701.5 
701.5 
701.6 
701.1 
7OZ.B 
702.1 
7112.1 
702.2 
702.1 
701.5 
70 1.5 

729.7 110 
725.6 
727.6 

7.L.9 1201 
755.0 
745.6 
7'1.C 
7 W . I  I 

716.6 
7'5.9 
745.8 
745.1 

736.0 120 
73'.5 
736.2 
736.1 
736.0 
735.5 
73i.r) 
,19*.5 

715.0 110 
716.6 

729.7 ,IO 

725.6 I20 
725.7 
726.0 
727.2 
727.7 
127.1 
726.7 
726.2 
726.2 

711.1 120 
710.9 
711.1 
712.0 
712.1 
712.1 
7Ll.9 

711.- 

702.2 L20 
702.3 
702.6 
702.6 
702.8  
703.0  
703.4 
703.6 
703.6 

n 1 . b  

7 Z I . B  47.11 
97.7 
97.8 
98.3 
98.3 
98.3 
98.6 
49.1 

627.6 
627.1 
627.0 
626.5 
626.5 
626.5 
626.2 
625.7 

1ZOQ 

719.0 ~ O I P I I , *  106.3 611.7 1200 
Wlh175 106.9 611.1 

7 0 0 . 6  10,11171 119.4 581.0 I200 
1111&17& 119.9 W0.9 
12,71117C I19.5 580.9 

,116,175 1,9.* 581.0 
~ 2/20/75 119.8 580.6 

3/28/75 119.9 58015 

5/23/75 119.9 580.5 
6,12,15 119.8 580.6 
7119115 121.8 U P . *  
8/29/75 120.5 579.9 

w w i  1 n . 9  5n.9.5 

9/25/75 1m.n 570.6 

5'1.6 I200 
54I.1 
513.0 
563.2 
543.3 
513.3 
513.* 
513.6 
563.8 
540.4 
5*1.0 
538.9 

528.6 ,In1 
5m.o 
529.2 

945." ,200 
546.3 

53L.O 12110 
53L.1 
536.5 
515.5 
535.* 
5 3 h . L  
533.8 
532.0 
530.5 

5"+.5 , 2 0 0  
5L1.5 
511.9 
9 5 . 5  
5*5.7 
5Lb . I  
5'C.O 
512.L 
5 w . 4  

5Lv.l 1201 
5W.8 

563.5 l20C 
563.5 

67A.3 l l o i  
679.1 

796.3 l20l 
70h.L 
7 6 . 8  
106.8 
IO6.h 
706.7 
706.6 
706.1 

707.2 10117/74 165.6 
11/24/11 105.5 
12,201711 164.2 
1,16,75 16L.O 

3,**,75 161.9 
6/22/15 163.8 
5 / 2 3 / 7 5  161.6 
611Z175 163.6 
7/29/75 166.8 
8/21/75 166.2 
9/25/75 168.3 

2 1 ~ 0 1 7 5  163.9 

687.6 lllll7,l 'r 1'2.2 
1/25/75 lr1-3 

668.1 10,15,7'1 LW.1 
11/10/7* l3*.0 
,2117,71 133.6 

1101175 131.6 
5/13/75 132.7 
6/17/75 131.7 
7,,5,75 IW.3  
8/19/75 136.1 
9/16/75 137.6 



TAaLE C-l 

GROUND WATER LEVELS AT WELLS 
, SOUTHERN IXLlFORNlA 

"-05 
I 
,"45.R 
.u-ns.ai 

"-05 
"-0S.P 
"-05.51 

7b5.1 1201 

759.3 , l o :  
759.6 

732.1 

771.0 

7711.0 

766.0 

9,1817' 

II/LI/,' 
'114175 

(703.2 1200 
702.8 

,702.6  

1200 

16.7 

15.7 
15.6 

20.3 
20.2 
20.? 
19.5 
18.5 
183.8 
19.0 
20.1 
20.8 

I7.i 
17.1 
16.6 
15.5 
15.7 
15.9 
16.6 
17.3 
17.5 

18.1 
16.8 

22.9 
22.9 
22.9 
22.8 

22.5 
z . 4  
22.3 
22.5 
22.3 
23." 
23.2 

12.7 
IS.* 

IB.0 
19.0 
17.8 
16.9 
17.0 
17.2 
17.e 
18.0 
15.2 

29.9 
30.1 
29.6 

79.9 
82.6 

82.7 

63.0 
82.8 
B2.h 
03.2 
82.7 

zb.4 
26.6 
26.7 
26.4 
86.6 
P6.A 
26.5 
26.7 
2e.q 

I%., 

I"., 
14.1 
14.1 
13.6 
13.6 
14.1 
I'.? 
1L.9 

22.r 

82.8 

az.7 

in.0 

751.7 120, 
751.8 
751.8 
753.5 
753.5 
753.2 
753.0 
751.9 
751.8 f 1200 

10,1617C 
ll/2017L 
,P,L9,7C 
4/23/75' 
5,16/75 
6,19,7+ 
7,17115 
8,27175 
9/18/75 

10,2317* 
4/23/75 

762.6 1POI 
762.9 
763.k 
76'.5 
764.3 
7w.1 
763.6 
762.7 
762.5 

1200 

'755.3 

76R.0 

7914 

7611.0 

75ST.o 

717.1 

77A.b 

7iP.9 120, 
751.2 

I 

I .  
1200 

768.7 120, 
768.7 
768.1 
768.8 
768.9 
769.1 
769.2 
169.1 
769. L 
769.3 
768.6 
768.4 

'749.1 
7 5 0 . 0  
,768.8 

! 

757.0 

752.0 

Il,I',7' 14.8 
All4175 1L.O 

742.2 1101 
743.0 

755.3 1101 
755.6 

lOllSl74 13.11 
lllP0176 12.7 
1211817C 12.1 
"123175 11.9 
5/15/75 11.8 
6/19/75 11.6 
r/i7m 11.6 
8/21,75 ,1,.6 
9/18,75 12.9 

739.0 I200 
739.3 
734.3 
740.1 
710.2 
710.4 
740.4 
750.4 
739.1 

739.0 1POI 
739.0 
739.2 
7*P.l 
7AO.O 
739.0 
719.4 
739.0 
738.8 

761.5 10,16176 15.5 
1112017* 15.4 
1211nn* 15.1 
W23/75 13.1 
5 / 1 5 / 1 5  13.1 
6/19/15 13.5 
7/17/75 '11.1 
8,27/15 '15.0 
w w r 3  : ~ . 6  

786.0 1200 
7L6.1 
766.1 
748.4 
,'B.' 
748.0 
747.1 
7A6.5 
765.9 

I2,10,,' 
1,09,,5 
2111175 
1/11/75 
*/1117s 
5,1317'1 
5 ~ 1 0 1 7 5  
7,09175 
8/07,75 
9108,75 

638.5 1101 
.695.8 
695.6 
695.7 
695.5 
6 9 5 4  
695.6 
695.8 
695.2 

a95.r 

757.0 

761.0 

11114171 '16.7 
4,11175 :1*.2 

730.3 1101 
730.8 

7z*s ,200 
724.5 
n1.7 
72r.9 
725.3 
7Pe.l 
716.1 
726-3 
726.0 
7I5.1 
7Z5.1 
721.6 

786.6 120L 
786.' 
786.3 
786.6 
786.' 
786.6 
786.5 
786.3 
786.1 

8'0.9 11e1 
812.0 

11 ,I'/,' 
4/11/75 790.0 

777.2 

779.A 

1200 

I 77L.L 1200 
,,I.* 
77*.L 
775.1 
771.9 
774.4 
773.8 
773.6 

I200 

853.6 I20I 

853.5 
852.6 
853.5 
853.3 

766.8 12011 
765.1 
765.3 
76b.l 
766.' 
766,.7 
761.9 

853.0 
852.8 

765.2 

ee pops.79 for hey to teimo B o b b r a v i d x r  





1 
I TABLE C-l 

GROUND WATER LEVELS AT WELLS 

"-0s 
,"-05.8 
!J-OS.Rl 

"-05 
U-05.8 
"-05.81 

579.1 L l O l  

599.7 120, 
599.3 
599.1 

590.3 
598.1 
598.0 
597.9 
597.8 

633.3 XlOI 
633.1 
633.1 
6 3 . 2  

660.2 1101 
659.7 
660.1 
660.1 

967.0 

59e.5 

'168.0 1101 

910.8 110) 
942.8 
%Z.1 
962.0 
9'2.2 
942.1 
941.5 
9w.9  
941.2 
9*1.2 
910.8 

953.3 1101 
953.2 

884.2 1101 
876.3 

B15.P 
815.5 
875.7 
875.3 
875.2 
*7*.1 
8X.5  
871.7 

823.1 1,Ol 

822.5 
822.4 
822.1 
822." 
811.8 

821.6 
021.5 
B P I  .4 

794.e ,101 
791.0 
79r.2 
794.5 
795.3 
799." 
796.9 
79*.8 
791.2 
793.9 

800.8 1200 
800.6 
800.6 
800.0 
800.0 
799.9 

795.8 
799.5 

8r6.3 

822.n 
822.7 

a21.n 

795.1 izoo 
795.1 

791.6 1200 
791.4 
79Q.9 
790.8 
740.7 
790.6 
790-5 
790.1 

707.5 izno 
707.4 
707.3 
707.3 

878.9 W7'179 3LO.6 
5/22175 310.8 
6/12/75 310.2 
7/18/75 309.8 
8,27,75 109.9 
9/94/75 310.1 

,568.3 12BO 
,568.1 
568.1 
,569.1 
561.0 

.5bB.B 

805." 9,0*175 225.9 

817." ,0,16,,11 211.3 
11/21/7r, $17.7 
,2119/,1 217.1 
6/16/75 218.5 
5/15/75 2111.7 

7/18/75 219.8 
8/21/79 219.1 
9,17175 21P.2 

6 m m  21n.9 w8.s j o m m  351.1. 
11,07,74 351.1 
12/03/7& 151.6 

1,02175 33E." 
2101175 352.* 
3,03175 352.8 
'410175 353.P 
5/01/75 352.6 
6/03/75 351.9 
7/02/75 391.2 
8/01/75 350.8 
9/01/75 351.8 

,557.1 1101 
,556.8 
,556.9 
556.1 
:556.1 
:555.1 
555.5 

.555.9 
S 5 6 . b  
,557.3 
557.7 
,556.7 

773.6 10102171 lM.3 
llllL17L r10.5 
12/03/74 140.5 
1,07/,5 139.4 

773.6 10/02/7L 113.4 
llP1+'74 113.9 
12/03/74 113.5 
1/07/75 113.5 

1017.0 11/15/i* 49.0 
4/15/75 90.0 

918.9 10/2P171 1 x . 6  
11/15/74 22' 3 
I2/2PI74 %5:6 
1/17/75 231.5 
2IPlP75 235.9 
3 n w 7 5  237.8 
*12',75 233.3 
5/23/75 211.8 
6/12/75 217.1 
7,75,75 22.9.1 
8127175 23L.5 
9/16,75 231.6 

(682.3 1200 
6PI.6 
693.3 
6w.L 
682.1 
681.1 
685.6 
707.1 
7UI.8 
690.8 
68b.G 
681.2 

1020.6 t1115/71 79.8 
12,17/7L 77.8 
1<29/75 78.5 
21111'75 78.6 
3/11/75 78.6 
*,15,75 78.5 
5/13/75 79.1 
6/10/75 79.7 
7,0'),,5 n.* 
8101175 19.1 
v1011175 79.8 

555.6 1101 
553.6 
151.8 

5id.P 12DD 
519.5 
She.* 
5'9.6 
151.1 
152.5 
591.0 
552.3 
551.1 

901.0 11106,7* 395.' 
2/06/75 317.L 
.m3,,s y9.2 

862.0 lO/P7/7L 313.8 
11115n4 313.5 
12/?017* 313.6 
5/2*115 912.' 
5/*3,74 310.7 
6/11/75 3.99.5 
7/25/75 30e.o 
8,17,75 309.7 
9/16/75 3 , 0 . ?  

968.0 11/15/74 14.7 
A/L1175 16.8 

961.6 lllZZ17L 57.L 
,Z,L7/7* 65.3 
1/29/75' 65.3 
2/11/75 64.7 
3/11/75 66.1 
*,1*/75 65.9 
5/13 /75  06.3 
6,18,79. 66.' 
7/09/75 66.5- 
8/07/75 67.1 
9/08/75 66.9 

831.8 IOIPZ/I* 282.015,  549.5 1200 
1117017'1 262.0151 5G9.5 
12I2"/7L 283.015, 548.5 
+121/75 2P2.0(51 5h9.5 
5mn175 280.0151 551.5 
6/12/79 278.0 553.5 
712W75 277.0. 556.5 

9,2605 240.0 551.5 
8/29/75 279.0 552.5 

OPN/16Y-lPXQl 5 19 

817.0 10/15/76 277.6 
11/12/7* 277.7 
12/17/71 277.5 
1/21/75 276.3 
2 /25 /15  216.1 
3/18/75 276.2 
W15175 275.5 
5,77175 273.6 
6,111175 772.6 
7,15,7)9 271.6 
8/19,75 773.1 
9/16/75 275.1 

539.5 lP0D 
539.3 
539.5 
5 w . 7  
5'0.9 
5L0.8 
511.5 
543.* 
544.4 
5115.h 
5*3.9 
5'1.9 

5e7.1 1101 
5e5.e 
612.8 

547.2 ,101 
551.5 
517.1 

552.7 1200 
552.3 
552.0 

553.1 
5SL.I 
551.2 
553.2 
552.1 

557.8 

,101 

579.5 1101 
570.0 
579.3 
578.8 
578.8 
5711.6 
579.3 
578.7 
571.8 
578.6 
578.1 

867.9 12m2179 73.2 
1/29/75 74.2 
2/11/75 73.0 
3/11/75 72.7 
4/15/75 71.9 
5/13/75 72.2 
6110175  72.1 
7/119,75 72.4 

9,08,75 73.3 
n m 1 7 5  73.0 

831.9 11/06,7& 7Rr.B 
2/06/75 2aS.l 
6 / 0 3 / 7 5  219.1 

913.1 10/18/71 1x2.'~ 
11120/7L 112.6 
12/19/70 11T.6 
*/21/75 111.2 
5,19/7.5 113.2 
6112,75 113.3 
7/P4,,9 DRY 
e.flW,$ 117.4 
9/18/73 113.7 

en., 10122176 77.6 
4/85/75 77.9 

19 

19 

850.6 IOIlRI76 58.8 
12/19/74 59.0 
4 /23 /75  59.5 
5/15/75 59.6 
6/12/75 59.7 
7/Z2/15 59.8 

. 8,19,7? 59.9 
9,1w75 60.0  

S Page 79 for,  hey to t e r n  8 obbfcvhtioni 



r c 
* 

! 



I TABLE C-l 
GROUND WATER LEVELS AT WELLS 

SOUTHERN CALiWRNIA 

"-05  
'U-05.- 
"-05.81 

1200 

I 

'1'13.11 1200 
713.2 

'7L3.2 
7W.l 

7 C G . 3  

:7w.a 

966.6 1101 
,966.6 

,362.6 11111 
962.9 

:961.4 1101 

957.0 , l o ,  
95,J.R 
956.1 
757.k 
958.0 
,939-0 
950.1 
968.3 
9S".0 
957.7 
957.1 
757.0 

9112.9 1 1 0 ,  

938.1 llPL 
910.8 

L . 2  

:114.2 
. ~ . 9  

1815.11 1101 

I 

1018.B 

420.5 L l D l  

U-05 
"-a,.& 
u-oS.81 

3'1.3 ,zoo 
3*5.e 
345." 
3C5.* 
365.8 

278.1 1 2 0 ~  
273.3 
268.4 
264.5 
262.1 
261.2 
260.* 
259.2 
257.6 
255.2 
25%" 
252.0 

I200 
268.6 
257.5 
253.6 
252.2 
266.9 
210.0 
235.7 
22P..' 

1280 

250.7 
r 4 . C  

12011 

z w . 7  

l Z 0 D  

267.8 1200 

268.5 1206 
263.3 

266.1 lZD0 
261.5 
256.6 
251.2 
z5z-1 
251.9 
250.6 

218.9 
P W . 5  
236.R 
2 Y t . L  

213.7 1200 
290.7 
28B.L 

297.2 ,200 
213.3 

277.8 
Z76.1 
273.7 
271.9 
323.4 
P7O.O 

248.7 

m . 8  

750.3 '.116115 ~ L O Y  
5/15/75 FLOY 
6/1Q175 FLOW 
7/27/75 FLOW 
8/26175 FLOW 
9/17/75 FLnY 

3 9 L . R  5821175 50.5 
W P 5 , 7 5  69.0 

0127175 4P.ti 
9,711,' h9.0 

7125 /74  4g.11 

970.5 101~217. l,.5 
1111T171 13.7 
12103/7C 13.8 

1107175 . 11.1 
2111175 IZ.5 
1/11/75 11.5 
4/IL,75 ' L7.4 
5/13/75 12.2 
6,10175 12.5 
7l"S,75  IZ.8 

. 8 / 0 7 / 7 5  13.4 
9/08/79 11.5 

1230.8 .26.2 
.21.7 
,P5.1 

:29.r 
:2".+ 
'17.0 
17.0 
16.1 

. l a .?  
:20.9 
. * B . O  

7b.8 

1101 

1200 

'05.') 61.2 
81.1 

,60.6 
60.4 
.60.3 
60.2 
,60.3 
,hO.3 
60.2 
60.1 
,po-t 

60.8 

314.7 1200 
341.8 
341.1 
3'5.3 
355.5 
3.15.6 
3115.7 
3'5.6 
36.6 
365.7 
345.8 
345.R 

370.5 I0/2Ln'  76.8 
LI,ZO,,L 79.8 
1212017. 82.3 

3'6." 10121171 65.5 
I l R l l T L  La.6 
L2126/71 57.7 



STATE WELL 
NUMaER 

8 I 2  9,7 5 
9/2L/75 

GROUND w m c e  ffiEIX 

SURFACE EL€". "G 

WWND m o l J ~  WATER *CWC" G R W W l  
SURF4CE SUPFLY. STATE WELL SJRFACE TQ WAIER SURFACE SUP% 

iN FEET IN FEET DATA 

t SURFACE 2 2 ELEVAmN PJRF~CE ELE". lNli NUMBER = ELEVATiDN OAT' 
U a IN FEET FEET UI FEET MTA 8 9 il( FEET 

1115.3 10/1etTl 
11115/7* 
17/19/71 
L I 2  3 8 7 5 
5/27/75 
6/12/75 
7/18/75 

, 9,PS/75 
n / 7 7 / 1 5  

1130.9 10,1",7' 
1111W7" 
1 2 / , 9 n r  
4/P3115 
5/22/15 
6/17/75 

66.3 
D W  
"Pl 
""I 
00" 

25.5 
25.3 
77.1 
?*.A 
29.0 
29.8 
P8.5 
28.0 

19.6 
19.7 
19.9 
Zl.2 
21.2 
21.6 
z1.6 
?I.+ 
70.8 

63.9 
59.6 
57.1 
71.3 
71.1 
7r.5 
75.2 
76.0 
76.2 

IZ.0 
7".* 
68.2 

1 U . l  
71.0 
72.5 
73.9 
16.L 

'?,e 
'7.3 
4L.9 
L3.9 
41.9 
' 6 . 2  
4A.B 
51.2 
52.2 

A L . 2  
LI.5 
6.0.0 

69.a 

W-1 
MY-I 
W - 1  

12.9 
3.8 

m R . 7  

160.8 
106.6 
166.5 

'116.9 
IC?." 
161.1 
I h l . "  
IC7.3 
167.5 

U C . 0  

106.1 
106.7 
1OS.Q 
Ins.? 
l"3.9 
111Q.3 
l"li.9 
105.9 
l"h.6 
I"7.5 
lW.6 
lns.3 

as.9 
8C.O 

96." 

711.' 
15.11 

Nr-1 
N Y - ,  

"-65 
"-05.a 
"-05.8, 

279.7 j2eO 

309.7 I200 
399.9 
308.1 
300.8 
306.2 
306.4  

307.2 

3"l.b , m e  
3w.3 
308.L 
306.8 
306.8 
306.9 
306.' 
306.6 
307.2  

"-05.R? 

in6.7 

1O'rh.l . 1 m n  
1070.4 
1072.9 

1055.7 
1055.5 
105L.A 
105A.O 
1053.8 

1071.2 l Z 0 0  
,072.8 
1075.0 
lor,.' 
1072.8 
1072.2 
1070.7 
1019.3 
IO6h.e 

I"lh.3 1200 
1068.0 
1070.L 
1071.* 
1070.' 
1069.1 
10bh.5 
IO6I.I 
1003.1 

1066.3 I200 
1066.0 
1070.5 

ias6.T 

1512.1 1101 
1521.2 

1197.1 1101 

1133.6 1mo 
1133.6 
1133.9 
1133.5 
111,.& 
1133.3 
1133.' 
1113.1 
1117.11 

1061.0 1101 

1092.8 ,200 
1002.7 
11)8,.5 
1003.7 
,085." 
lOBC.6 
1096.0 
l"83.0 
10.12.3 
lQD1.L 
10RO.3 
1079.6 

1011.5 ,101  
1 ' 1 7 L . i  

I053.Z ) Z O O  
I0bl.C 
l"b6.0  

Pale 79 fa hey lo IermS a obbrcviofiom 

",N,lW-,5P," c 19 ll31.0 71 ..? 
70.1 
60.0 
b 6 . L  

64.9 
66.2 

NM.3 

1063.9 1Z.P 
12.5 
12.7 
13.0 
l l . 0  
13.6 
13.0 
17.' 
12.1 
12.9 
13.6 
13.7. 

O?NIl'*-OYFo, F 19 109*.* lWlRI,& 39.0 
4 /29 /75  35.1 

lll".I *2.9 
h3.d 
66.2 
*7.1 
'I.& 
-5.1 
*Z.P 
AZ.6 
43." 
42.9 
w.5  
31.7 

" 4 5  
u-03.tl 
U-05.R2 

I200 

IW.* i i n i  

l l D l  

1063.5 1101 
106R.4 

1066.5 I 2 0 0  

1067.0 
1067.3 

,0,1.* 
1071.2 
1071.0 
1070.7 
1067.1 
1065.8 
IO6C.Z 

1066.8 

iolia.6 

120s 

1064-7 l l@l 

10bb.9 1101 

LOhl-1 l1Ol 
1062.9 
1B65.11 
1M6.6 

io6a.i 
l06b.8 

lZ0D 

1219.7 l l D l  
,219.5 
1224.8 

U45.83 

1151.2 lPDo 
1158.2 

1657.9 
11S7.6 
lL57.k 
Lk57.1 
1457.1 
,*56.'1 
1456.2 
1156.0 

1131.5 I l O I  
1137.5 

1rr5n.r 

,200 

1051.7 1200 
1051.4 
1S51.2 
1050.9 
1W9.9 
,0511.1 
ID5O.Y 
1051.5 
1051.8 
1051.0 
1050.3 
1050.2. 

1059.6 LZOO 
IOb3.5 

1087.3 I200 
1086.5 
1085.9 
1083.0 
1085.7 
1085.0 . 
1087.5 

1087.E- 
1005.1 
1085.' 

1116.7 1200 
1115.1 
1115.0 
1112.1 
111G.2 
1115.2 
1117.5 
1117.1 

1087.9 

1087.1 



i 

' TABLE C-l 

GROUND WATER LEVELS AT WELLS 
SOUTIiERN CllLlFORNlA 

1,-09 
U-05.8 
"-05.8, 

1390.1 lztlo 

1379.R ,2110 
1379.9 

1101 

1319.11 1200 
132O.L 

13L0.7 lZ0P 
13+8.7 

19 IZLS.0 2n.5 
29.3 
1R.8 
29.0 
P9.5 
27.3 
?6.6 
27.7 

28.0. 
29.6 
30.0 

, 28.1 

1200 5.9 
5.2 

23.8 
23.3 

31.2 
3L.I 
I'., 
1L.3 
36.5 
31.5 
31.7 
3L.8 
35.0 

3,.L 
36.3 

lQ.5 
ZO.3 
21.1 
29.1 
29.3 
29.9 
30.3 
30.3 
30.7 

2*.7 
25.3 
25.R 
21.3 
25.2 
25.3 
25.8 
26.3 
25.9 

12L13.5 10,22174 
I I /15/7* 
12 /17 /14  
*121175 , 
5/27,75 
6111r75 
7127t75 
8/21/75 
9 /16 /15  

35.0 12b8.5 1200 
75.9 1267.6 
3h.Z .12*7.3 
35.1 I2+8.* 
35.8 1247.7 
3e.2 12h7.3 
37.1 .1Zb5.8 
3 1 . 0  12LB.5 
117.2 ,1266.3 

1393.5 ,200 
1392.7 
1391.9 
1383.4 
1383.7 
1383.1 
1382.7 
1382.7 
1382.3 

1267.2 111171171 
11/15/71 
12/17/71 
*/2L/75 

b117,'S 
,,PP/75 
817,175 
9,16175 

s m m  

27.7 :1z39.5 ,200  
P7.0 ! IY .O.Z  
27.1) .'12'.0,2 
25.7 :12*1.5 
26.6 ,1210.6 
57.3 lCl9.P 
ZB.0 .lP39.2 
28.5 :121a.1 
ZR.8 '1238.L 

4 

a 

1316.7 10122174 
1111%'14 
,2,17,7* 
W 2 W 7 5  
5/22/75 
6/17/75 
7 /21 /75  ' 
912,175 
9/16/75 

18.7 11298.0 IF00  
18.6 12'1~.1 
18.9 ll29R.2 
18.8 12'18.7 
lS .1  IZYR.6  
18.2 L2l8.5 , 
18.9 1298.3 
18.5 ,129P.P 
1P.6 1306.1 

1326.9 1011*171 69.7 ,lZST.Z lZ00 
1 1 / 1 5 / 7 4  67.0 1259.9 
I271C.171 67.2 '1299.7 
&/2LIT5 67.1 1Z5'1 .R 
5/22/75 . 57.3 1259.6 
6/17/75 , 67.6 L P S 9 . 3  
7 /27 /75  68.1 lL258.8 

P 1 1 M 7 5  6.8.7 1258.2 
w a n 5  60.' ,185P.5 

w-' l l 0 1  
DR" 

25.0 374.7 1208 
25.0 171.7 
25.2 37*.5 
2L.q  371.R 
2h.8 314.9 
ZI.8 37'.9 
25.1 371.6 
2L.1 375.0 
2c.9 37L.S  

,155L.1 13.1 
11.5 
10.7 
11.7 
10.5 

9.1 
9.6 

10.3 
8.8 
9.0 
9.R 

N * 4  

1200 

32.8- 911.4 llD1 
3b.O 912.2 
31.9 771.3 
34.9 971.3 
35.1 970.9 
35.1 971.1 
31.6 971.6 
36.6 971.6 
31.0 972.2 
31.0 912.2 
35.0 971.2 
34.0 972.2 

34.7 929.7 LIOI 
30.9 933.5 
31.5151 932.9 
36.2151 PZB.2 

17.2(51 927.2 

36.115, 36.2151 42B.E 928.2 11SC.n l n 1 2 7 1 X  62.3 1391.7 1200 
,,,,5,,4 62.3 134L.T 
12117/74 6Z.Q 4 1391.6 
&/Zr115 n2. I  z 1391.3 
5/27/79 62.9 1391.1 

1 / 2 1 / 7 5  63.1 1390.9 
R,,9,T5 6P.E L3W.8 
9 P 1 W 7 5  h3.L 11911.6 

6/17/75 hZ.9 ! 139L.I I 





I , 
I TABLE C- l  

GROUND ,WATER LEVELS AT WELLS 

, u-(15 , , "-*<.a 
"-05.W 

1 E T Z . O  IZ,D2,7C 19L.7 
4/23/15 194.9 

1233.0 1 0 1 3 0 n 1  
12/09/1* 

1,31175 
8/28/75 
3,,,,75 
4,311175 
5/30175 
6/30175 
7/31/75 
8/31/75 
9/3"115 

I Bl6.b  5050 
815." I101 
817.4 

I 921.7 5050 

7'6.6 5 0 5 0  

1036.3 5050 

513.5 5050 
501.2 1101 

'95.6 
507.1 

SlX.7 
517.7 
919.0 

'98.5 

5 i i . n  

5LP.9 188.3 331.6 ,200 
LBB.3 331.6 
lR7.7 332.3 
IP1.2 332.1 
lli*.S 335.4 
185.9 1 1 L . O  
155.3 33'.6 
,85.2 ' 33L.7 
1 B 5 . i  33L.' 
146.1 333.8 
1PT.2  . 332.7 
1a7.5 I 37Z.L 

93L.5 

916.- 

B9ii.O 

889.6 

a,*-" 

8'3." 

775.6 

775.7 

71n.z 

719.P 

699.8 

679.6 

683." 

67L.S  

63'.pi 

75'.il 

79r.o 

I 336.9 506.1 5062 
315.5 507.5 1101 
3 P . 1  51O.P 
331.6 5 1 1 4  

21.L 75*.5 1101 1 
NU-9 

Z36.9 538.8- 1101 

5050 I NH-I 

w-9 

2b0.6151 '93.6 1101 

250.6151 503.6 
'8*11.6,5, 565.6 
250.615) 503.6 
?7i.h(9> 679.6 
265.6C51 48R.6 

255.6151 ~9n.e 



TABLE C-l  

GROUND WATER LEVELS 'AT WELLS 
SOUTHERN CALIFORNIA 

GaoyNn WATER AGENCY GROUND QROUNo W ~ T E R  AGENCI 
~ GROUND 

a ELNATION 

SURFACE YIPPLY. , STATE WELL SURFACE SUPPLY STATE WELL E S~Y~FACE SURFACE 
= NUMBER a 3 ELN4TIOII E L N ,  IN6 NUMBER ELLV. WG 
8 c IN FEET ;*:g tN FEET 04n 8 2 IN FEET IN FEET ObTA 

SURFACE 
lo w'T-TER 
SURFACE 

FEET 

E 5 OATLIE WATER 

"-04 
"-05.C 
"-0S.Cl 

681.6 

793.9 

776.0 

157.8 

756.5 

750.0 

748.5 

689.0. 

7 a . n  

736.0 

1n9.5 
ia9.5 
199.5 
1Pl.5 
lW.5 
115.9151 
191.515) 

l"7.8 

299.3 

11k .3  

l'2.e 

163.1 
l'S.2 
1rs.5 
1'5.8 
166.0 
1'5.3 
1'5.0 
lr6.r 
ILl.9 
116.R 

uw-6 

Nr-9 

231.2, 

A92.1 
492.1 
192.1 
500.1 
SD1.L 
506.1 
LPO.1 

606.1 

676.7. 

593.5 

61*.5 

anr.9 
6OL.B 
601.5 
601.9 
604.0 
60L.7 
601.0 
603.6 
605.1 
60J.2 

501.8 

50i.L 
526.L 
309 .A  
93,..* 
531.b. 
506.4 
513.6 
5R9.6 
51A.A 
502.1. 
483.1 

751.9 5'5.1 l l D l  
555. I 
559.1 
560.1 
557.1 
551.1 
559.1 
556.1 
5L9.1 
5.9.1 

671.0 l l"1 

I,$,." 

1EiP.O 

1048.0 

1070.0 

1201.7 

I?*3.0 

12Oh.R 

117e.n 

1172." 

1192.9 

1161.0 

1153.0 

1062.& 

1090." 

10,251,' 205.9 1016.1 505" 

lOIZ517'. NH-7 5050 

,0,,51iC 145.8 946.2 5062 

10,26/71 121.4 9lb.6 5062 



TABLE G-l 
GROUND WA~ER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

718.3 

6SP.3 

697.5 

702.0 

703.R 

705.0 

680.0 

602.1 

611.5 

608.6 

60P.C 

609.5 

611.5 

SP2.D 

522.0 

522.4 

546.3 

L211.0 

1122.0 

968.0 

950.0 

910.Q 

935.0 

1168.0 

820.0 

1 0 3 . 0 .  

86'1-R 

829.6 

10/31,1* 3'6.7 123.3 l l D l  
L,"l*7S p*-5 
S/15/7S 335.'1 532.6 

3/11,75 97.1 73215 I l D l  
*,01/75 96.6 733.0 
5/07/75 97." .732.2 
6/11/79 97.1 732.5 

1079.8 lllP,,'5 ".5 

10'10.0 11/13/74 62.0 
*/1,,,5 38.4 

6 / 0 7 / 7 7  123.5 
1arr.p 1 1 / 1 3 / i L  122.8 

703-2 lOllT1lL 262.6 
11,0,n4 Zh2.2 
12/19/TL 272.6 

l / O W T 5  262.1 
2/2D175 262.0 
3/13/79 263.7 
6,113175 260.2 
5,,517< 262.5 
6105n4 261.6 
1 / 1 T / l ' i  267.3 
8,P,,75 "-1 
9,18175 HN-I 

510,.i 272.9111 
P76.611) 
27h.BI4, 
876.8141 
274.114, 
278.6 
711.21*, 
243.1 
240.8 
264.6 

219.9 
212.a 

"-05  
U-05.0 
U-05.01 

730.6 1 1 0 ~  
730.8 
731.8 

101,..5 110, 

1 0 2 8 . ~  1101 
1051.6 

924.2 llDl 
923.5 

928.1 1101 
925.4 

923.1 
919.' 
923.6 
931.5 
915.5 
913.1 

910.3 

425.7 1101 

927.5 1101 
920.9 

923.0 1101 

930.5 1101 
92'1.7 

965.L 1101 
971.9 

7IA.2 1101 
747.' 

92'1.1 

1101 

1101 

4 W . R  I,,: 
661.0 
L3O.b 
'bl.1 
l.41.2 
a 9 . 5  
443.0 
C'D.7 
W1.b 
L35.9 

260-7 1101 
258.7 
256.7 
252.7 
258.7 
242.7 
296.7 

Z X . ' ,  
235.7 
Z3G.3 
233.5 
221.2 
23L.7 
231.1 
2b6.h 
269.5 
215.7 
237.5 
230.' 

,13: 
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STATE WELL 
N w a m  

WER KENC 
TO W ~ T E R  SURFACE WPPV 

SURFACE ELEv' M 
< IH FEET F;;g IN FEET (14111 u 9 IN FEET FEET bN FEET DhTh 

, c -No mow YsPlTER ntEW E SURFACE To W ~ ~ E R  SUACACZ SLWtY- STATE WELL c w SURFACE 2 awmw OATE ELEV, IWG NWBER 2 .% Kmnan OATE 

217.2 1733 
236.2 
231.7 
233.6 
235.2 
244.L 
251.7 
24R.0 
261.9 
233.6 

173: - 

229.2 

225.0 

217.r 
214.2 

P27.6 

953.0 110 
959.2 

959-5 110 
966.7 

21r.i  110 

285.0 1101 
315.0 

ZIO.9 ,101 
229.9 

260.7 Y O 1  
235.9 

IZL.0 11101,,* 206.7 
4,111175 196.L 

1153.5 11/14/74 200.5 
bIPII75 196.3 

,131." l l l l l l l r  171.5 
4/07/75 166.3 

221.9 llD1 
225.8 
232.5 
225.9 
2 Z 5 A  
222.6 
22I.8 

937.5 110 
953.7 
955.5 
952.e 
955.' 
957.1 
959.r 
P S 8 A  
9'5.' 
9 i l . P  
9*3.9 

337.0 I l l O 2 , l l r  108.3 
4/16/75. 106.7 

22R.7 ,101 
130.3 

309.8 ,0,(11,7(1 83." 
12/03/71 17.2 
110R115 S5.1  
P,D5,75 Rb.2 
31@5/75 87.2 
4/,',75 116.6 

226.b 1101 
222.6 
225.1 
ZP3.b 
222.6 
2P1.2 

%9.Y 110 

110 

925.2 110 

9LL.l 110 

925.7 
915.9 

759.0 I I I O W 7 L  51.6 
1115175 58.1 

748.9 1,,06,1* OD" 
* , ,WE nsl 

707.' 1101 
700.9 

1101 
1020." IO,ORI,' R7.9 

11IDRl7' NH-? 
,2/31/7' 101.3 
5/22/75 113.1 

622.9 1733 
610.1 I101 
638.6 1131 
626.7 
629.2 
626.6 
631.6 
627.0 
632.0 
bZ2.5 
625.0 
617.1 

9'4.6 110 
9'9.1 
950.21 
951.1 
950.6 
951.9 
951.1 
434.2 
9 L 3 . 3  
93h.R 
9'8.2 ZBL.2 r0/01171 59.2 

I V I I 3 I T I  60 .7  
I,08,75 '1.5 
1/06/75 62.1 
3 / 0 5 / 7 5  12.8 
4,1',75 61.8 

225.0 1101 
223.5 
z22.7 
221-9 
221.4 
222.9 936.5 110 

929.' 
283.7 1111217+ -9.3 

9,1'.119 61.3' 

287.0 11111174 61.C 
wC,2n5  h6.Z 

22L.C 1101 
22Z.I 

222.6 1101 
218.8 

922.1 110 
839.5 
865.1 
B'I.6 
837.8 
811.6 
8IL.h 
813.7 
8IJ.C 
812.8 
1109;o 
813.5 

693.8 1 0 l O l l 7 L  256.8151 219.0 5062 

503.0 IW0117r 111.0151 192.0 5662 
lll0llTI 309.015,  195.0 

b69.0 10/01/7I 262.1191 2I15.9 5062 

m7.a 171.7 
172.2 
172.5 
173.2 
173.1 
17r.5 
17c.0 
175.1 
176.6 

236.1 
235.6 
235.3 
234.6 
231.1 
213.1 
233." 
232.7 
211.2 

9 R . 0  
9)R.I 
90.2 
PII.0 
99.9 

101.1 
99.9 
99.5 

99.5 
99.c 

98.3 

785.7 
785.0 
784.5 
m 5 . 7  
783." 
782.6 
E,.* 
784.2 
785.1 
7BC.2 
781.3 

1 1 1  

-101- 

. . __I. . . -  .~ - 



" B r 

u-05 
"-05.0 
u-T75.01 

i n 3  

P3C.9 1713 
239.1 
232.2 
231.7 
230.3 
230.2 
230.5 
236.4 
2'0.6 

231.3 1733 
233.0 
23L.L 
231.0 
229.5 
229.5 
210.3 
237.1 
2IZ.L 
238.1 
233.3 
227.7 

1101 

m*.5 110, 

233.5 1733 
231.6 1101 
239.6 
230.8 1733 
229.1 1101 
22R.h 
Z2B.R 1713 
23n.2 LlPl 
232.6 
236.8 1733 
231.5 1101 
227.5 

2102 

2%-3 1101 
211.0 
231.3 
230-6 
229.1 
230.6 

Z32.L 1101 
2z1.0 

235.7 ll0, 

883.7 9/11/15 91.2 1786.5 1101 

986.6 96.7 
95.3 

:lOO.R 
96.4 

:190.2 
95.3 
95.0 
111.7 

809.7 iini 
811.3 
805.8 
810.1 

:8116.'. 
'811.3 

Mll.6 
796.9 

W5.6 11.3, 
661.7 

630.1 ,101 
641.1 

671.1 i i a i  

677.7 
b(13.C. 
656.1 

683.9 
687.6 

L".." ,*,,,/,* 209.7 
11107/7n 211.0 
12/19/7'1 212.6 
1/09/75 ZL3.0 
2,2Ll175 ZlA.5 
3/13/77 EIL.5 
",03*,5 213.7 
5/15/75 206.7 
6,05179 201.9 

8,07175 210.1 
9/11/75 216.3 

7 m m  2m.r 

380.7 , O l B P , , i  193.2 
1110117r. 15b.V 
,?1(12/Tn 158.1 
1/01/75 156.5 
8/03/75 157.' 
3/03/75 158.1 
LIOF175 137.9 
5,02,74 156.5 
6/02,,5 11'.1 
7/02,75 151.9 
8/01/75 155.2 
9/0P175 159.2 

670.0 10103/7L 2aR.O 
1110R/11 204.2 
12/13/74 Z"9.l 

1,"W15 209.3 
2/07/75 209.8 
3/05/75 210.1 
LID1175 210.3 
5/07/75 210.7 
6/ ,0 ,75 2,n.s 
7/09/75 210.5 
8112175 211.1 
9/11/75 210.1 

661.0 1101 
660.8 
661.9 
bhO.7 
660.2 
659.4 
t.5q.7 
6 5 g . 3  
659.1 
659.5 

659.9 
658.9 

519.0 i101 

613.0 IL/lPIW 170.6 502.4 1101 
L10,175 172.6 5OO.L 

I 

r./"3,75 )I"-' , 

*/R3,15 NM-9 

526.0 1 1 / 1 1 / 1 +  l n 1 . 3  I 424.7 1101 

700 .0  1111'17'. 6.5 693.5 1101 

525.0 12/1'3/7* 211.8 

517.0 lllOll7r NU-1 
6/01/75 275.8 

25e.2 ,101 

110, 
P*l.2 

2311.9 1133 
240.2 
2m.o 
230.0 
210.3 
235.0 
235.3 
Z36.L 
238.7 
236.2 
231.7 
232.6 

239.9 I181 
23s.o 

1133 

e,*-4 1733 
2P.5 239.6 

223.6 238.3 
22b.6 237.3 
2ZS.3 23h.6 
215.r 236.5 
2LC.l 236.U 
1Z5.5 237.- 
223.5 238.3 
2ZL.7 231.2 
u*-z 

P?7 1101 
w--3 

a,?.' 607.7 1733 
'239.7 '07.'. 
ZLD.2 AO6.P 
2-0.7 *MA 
2rl.3 L05.Y 

223.6 236.9 

-1.6 a 5 . r  
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TABLE C-l  

GROUND WATER LEVELS AT WELLS 

fA, . I  ',B3,,5 2r2.2 404.9 1733 
5115275 2'1.6 "03.5 
6/07/75 2rc.5 h02.6 
7/17/75 2'5.5 ' 401.6 

9/1R,7S 2'7.0 ' 0 0 . 1  
8/07/75 2rb.0 *01.l 

332.0 10/15/7+ 112.5<51 219.5 I101 
11/15/7' 111.5151. 220.5, 
1/15/79 113.5151 2LB.5 
2/15/75 111.5151 220.5 
3/15/75 L13.5L51 219.9 
4/15/71 113.5<51 218.5 
5/L5/75 113.5151 218.5 
WL5175 llP.5151 219.5 
7/15/15 113.5151 218.9 
8/15/75 115.5151 216.5 
.9/15/7'1 117.515) 21'1.5 

,s,,o"-lzcl~ 5. 19 

ls/lod-l2LIol E 19 

L5/10Y-S3E01 5 19 

15/1IIX-I3HQl 5 19 587.0 316.Q 
31fi.5 
314.3 
317.2 
319.7 
319.8 
320.1 
319.v 
318.0 
371.0 
321.0 
MY-C 

1101 
k3O.O 10,0L17* 191.2 238.R 1101 

lllOW74 191.7 238.3 
+129/7< 193.7 236.3 

627.2 186.7 
186.9 
185.9 
185.2 
lSA.5 
lSL.5 
184.b 
18h.O 
1W.9 
189.2 
100.3 
19t.7 

260.5 1733 
2'0.7 
2'1.1 
242.0 
2bP.T 
2b2.1 
Z"2.6 
2"I.P 
240.1 
238.0 
236.9 
235.9 

2 7 0 . l  I101 
269.7 
2h8.1 

2IR. I .  
,733 

251.9 
251.1 
253.6 
252.0 

249.5 ,,3: 
?*B.& 
2bR.3 
248.2 
217.7 
2'17.2 
PCT.0 
2l.7.9 
ZLA.1 
2b7.8 
217.0 
P"5.2 

233.2 173: 
232.6 
232.7 

Z3L.4 
233.1 
230.P 

233.0 173, 
232.3 
831.2 
23L.D 
230.1 
ZZ9.S 
228.7 
Z t V . 6  
212.2 
228.1 

225.') 

t1S,IOU-23FOl F 19 476.6 10116/7* 211.2 245.* 1733 
11/06/71 225.11 251.6 
IZ /1817r  226.1 260.5 

1 n 8 m  wi-8 
2,19nc. 226.3 250.3 
3/11/75 226.3 250.3 
W 0 2 / ? 5  ZZR.9 267.7 
5/14/75 228.3 248.3 
6,04,75 227.7 818.9 
7/16/75 2L0.7 235.9 
8 1 0 b n 5  247io PZ9.6 
9/LT/75 231.5 265.1 

A70.0 11/01/74 19R.Ot51 272.0 11111 
1 / 0 6 / 7 5  193.015) 277.0 
3 / 0 U 7 5  193.0151 277.0 
3 / 0 5 / 7 5  L95.0151 275.0 
7/02/75 200.0151 270.0 
9/02/75 230.0lll 2110.0 

15L1.0 11/04/7' 
1/06/75 
1,03/'5 
5 / 0 2 / 7 5  
7/02/75 
9/02/75 

202.5151 255.5 1101 
198.5151 259.5 
2$1.5<51 256.5 
197.5151 260.5 
z5*.5111 203.5 
262-5113 195.5 

-22.7 2/19/75 lW.5 
3/1?,75 190.1 
' 1 0 2 1 7 5  140.0 
5/1I/75 NY-I 
6/01/75 W-1 
7/16/75 I R B . 3  
8106n5 189.6 
9/17,75 192.7 

COI.5 ,O,,h,TI 160.5 
lllOC17C 169.2 
12/19/71 170.3 
I/OR,F, 170.5 

,,,?,E 172.0 
*,07,7s 1re.n 
5/,',75 111.9 
b104/75 169.3 
1,,1,,5 ,n.* 
8,06175 NH-1 
4,11175 175.6 

2119175 171.4 '49." 

W1.3 l60.L 
169-1 
170.1 
IlO.* 
171.2 
171.8 
112.7 
172.3 
Ihq.2 
119.8121 
W-l 
175.7. 

232.9 173 
232.2 - 231.2 
230.9 
210.1, 
229.5 
Z2R.b 
229.0 
232.1 
231.5 

225.6. 

DlP/10U-l9CO3 5 19 3'3.0 llllz17L 119.0 27I.O 110 
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TABLE C-1 

GROUMD WATER LEVELS AT WELLS 
:SOUTHERN CALIFORNIA 

$71.7 

472.0 

'1P.O 

397.0 

379.0 

378.0 

367.0 

339.0 

3511.0 

327.1 

321.0 

320.0 

320.5 

31*.0 

306.4 

k102175 NH-3 ,,Dl 

,101175 zm.3 247.7 
11,121711 2PO.T 251.3 1101  

lOll3llL 95.5 213.5 1101 
Il , lVlr 92.5 216.5 
1/19/75 99.5 210.5 
2 1 1 5 n 5  93.9 '215.5 
3 / 1 5 / 7 5  'IR.5 220.5 
L,15,15 89.5 220.5 
5 /15 /15  91.5 211.5 
6/15/75 93.5 211.9 
7/13/75 15.5 213.9 
.),15/7< 10r.5 zo1.5 

312.0 

312." 

306.6 

ll/OI/7i. 151.915) 226.1 1.101 

229.C ,101 
231.6 
270.5 

72L.9 1733 
2ZS.9 
226.1 
226.5 
221.7 
225.b 
225.3 
225.7 
ZZZ.8  
222.* 
22l.L 
2m.* 

304.6 

227.9 1733 

2z7.9 
2 m . 3  
226.2 
225.2 
2211.1 

301.0 
223." 
224.6 
228.7 

, 1101 

220.7 i i o i  
219.6 

216.3 1133 
223.' 
B14.D . 
22G.2 
ZZ2.J 
222.7 
223.3 
217.0 
216.0 
2,s.o 
212.2 

341." 

It".* 

3'3.0 

LOG.' 

375.0 

3 w . 1  



wnum ;;gg WAiE8 AGENCY 
STATE WELL E SURFACE DI,E TO w~,ER SURFACE %PRY- 

Y IN FEET , ~ FEET IN FEET Q U A  
SOSFACE ELEv' KG NUMBER 2 5 LLEMnOH 

GmUm WATER il 
SURFACE 

- iLEVI\T,ON DATE TO WATER 
SWFACE 
IN FEET 

WOUND 
STATE WELL 5 5 SURFACE 

8 $ IN FEET 
N"H8ER 

I 
0 

TABLE ;C-l . '  
GROUND WATER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

501.3 

,67.5 213.5 
232.9 
236.5 
213.5 
235.5 
222.5 
821.5 
226.5 
229.5 
224.5 
220.0 
215.0 

455.0 

360.0  IO,'~l/l+ 131.315) 228.7 5063 

360.0 10/01/7* 124.7151 230.3 5062 

368.0 136.9151 231.1 
131.915, 213.1 
125.915) 211.1 
13$.9151 Z33.I 
136.9151 231.1 
136.915) 231.1 
136.9151 211.1 
131.Q151 236.1 
1'1.9151 223.1 
119.915, 218.1 

1101 $68.8 

*2,.a 

3701" 

l D , G 2 , 7 *  215.7 ,207.7 
11,01/71 215.2 208.2 
3/31/75 21G.R 2OR.6 

376.0 11101171 1r3.515) 232.5 1101 
12/(11/7& 116.S151 Z29.5 
1/29,75 l1L.5151 231.5 
2/25/75 1'8.5151 227.5 
1,27175 ,U7.5t5> 228.9 
L12(1,75 1'3.5151 232.5 
b,01,75 1'5.5151' 230.5 
1/31/75 117.5<5) 218.5 
8131175 151.5151 221.5 
9/3"175 153.515, PPZ.5 

I 

D 

357.0 121.0 
130.7 
130.7 
132.7 
I3L.h  
D i l l  
132.1 
h2.5 
1,O.R 
131.6 
"e" 
OR" 

230.0  '7" 
Z26.3 
PP6.3 
221.3 
222.4 

221.9 
226.5 
226.2 
225.4 

365." 

3711." 

391.0 

349." 

350." 

506.0 lb9.0 
116.0  
176.0 
118.0 
179.0 
179.0 
IR1.0 

177.1) 
130.0 
l 7 Z . O  

in..@ 

350." 

B p q e  79,Ior hey lo 1-5 a abbreviations 
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TABLE C-l 

GROUND WATER LEVELS AT WELLS 
SOUTHERFI CALIFORNIA 

1 

"-05 
U-05.0 
U-05.01 

231.5 1101 
227.+ 
L26.5 
225.1 
226.7 
230.5 
229.5 
229.5 
Z3b.5 
270.5 
228.1 

z1n.o l l D l  
Z26.0 
225.+ , 

230.7 llOl 
ne.9 
236.1 .I101 

110, 
2W.3 

275.4 
224.2 
2Zb.R 

232.0 1731 
229.9 
2 2 9 5  
229.1 
221.6 
228.1 
228.0 
231.8 
231.6 
ZZl.* 
2Z7.8 
223.3 

223.3 1101 
222.3 
2PI.3 
221.3 
220.1 
220.3 
220.3 
221.3 
226.3 
226.1 
221.3 
ZLB.3 

115,111-12R01 5 I? 

,,s,,IY-I~c~" c 19 

115,11"-12GOl c 19 
311.0 

- 

97.0151 211.0 
95.015, 216.0 
95.0151 21*.0 
95.0<51 216.0 
46.515) 21L.5 
97.0151 214.0 
4b.015) 215.0 
98.0151 213.0 
07.0151 214.0 
49.0151 212.0 
102.0l51 ZO*.O 
101.015, 210.0 

1101 

376.7 1 0 / 0 4 / 1 ~  138.7 
11/2017* 140.8 
12111/7& 1b1.2 

110117% 141.6 
2/12I77 146.1 
3<05/15 142.6 
*/I6177 112.1 
5/07/75 139.7 
6/18/75 119.1 

812(1/75 112.9 
9,10175 117.4 

7109/75 143.3 
330.0 

325.0 

102.0111 225.e l l D 1  
lOI.OL51 229.0 
91.5151 233.5 
90.515) 214.5 
03.515, 231.5 
1~3.5r11 221.5 
93.5151 231.5 
42.5151 232.5 

1116.0151 22C.D 
q5.5151 229.5 
77.5151 227.5 

367.5 10,11,7* 1"L.Z 
11,01,7* 165.P 
IZlDbllA L4L.Z 
l/lP/75 Ibb.2 
2/07/75 l l 7 . Z  
1 / 0 1 / 7 5  147.2 
4/11/72 lS7.Z 
5/09/75 116.2 
6101115 141.2 
l/Ll,,S 1'1.2 

9/05/75 1LP.2 
8108175 i"6.2 325.0 11/0h/7+ W.9 224.1 110 

1101175 98.6181 226A 

710.0 90.0151 220.0 
W . D , 5 ,  220.0 

106.0151 2m.a 
90.0,5, 2PO.Q 

19.015) 221.0 
89.015, 221.0 
91.015, 214.0 

45.0151 215.0 
97.0r51 213.0 

*9.0(51 221.0 

Q L O W  217.a 

110 
321.0 95.Ilt51 

100.0111 
9*.0l51 
98.0191 
99.0151 
97.0151 
98.11151 
97.0151 
95.0l5, 
911.0,Sl 
4 9. D ,  5 I 

229.0 110 
2ZL.e 

2Zb.O 
225.0 
227.0 
226.0 
227.0 
2c9.0 
22b.0 
225.0 

225. n 

310.0 85.0151 225.0 110 
P6.015) 226.0 
p1.015, 223.0 
91.DI5, 223.8 
Rb.0151 226.0 
P6.015, 225.0 
~6.0151 225.0 
Pb.B,9, 2zL.e 
89.0151 221.0 
-1.0151 2111.0 
p6.0151 214.8 

325." 104.9<5) 220.5 110 
L05.SL51 219.5 
107.5151 217.5 
107.5151 217.5 
IP6.5.151 218.5 
108.5151 216.5 
105.5191 219.5 
110.5(51 ZI'+.S 
111.915, 813.5 

3PL.5 10/15/7L 
11/19/74 

1/15/15 
2/15/77 
3/15/75 
4/15/75 
5/15/75 
6/15/79 
7,15179 
8/15/75 
9/l5175 

95.0 
97.0 
48.0 
97.0 
97.n 
48.0 
"8.0 
97.0 
98.0 
98." 

101.11 

P2V.S 110 
227.5 
PZ6.5 
227.5 
227.5 
226.5 
226.5 
227.5 
226.5 
226.5 
223.5 



TABLE C-I 
GROUND WATER LEVELS AT WELLS 

SOUTHERN GILIFORNIA 

6 8 . 0 1 5 )  217.0 1101 
73.0151 212.0 
71.0151 214.0 
72.0C51 213.0 
71.0151 214.0 
71.0r51 21I.O 
7*.n151 211.0 
77.0,91 208.0 
7*.0151 211.0 
7".OlIl 211.0 

2S7.0 1 0 / 3 1 / 1 k  51.5451 202.5 1101 
12/03/71 55.5151 201.5 
1131r19 55.5151 201.5 
2/28/75 56.5151 200.5 
3131/75 51.5151 202.5 
W 3 0 1 7 C  55.515) 201.5 
5/30175 5R.5151 198.5 
6,311175 59.5151 197.5 
7/31/75 66.5151 192.5 
8/29/75 6L.5<51 192.5 
9 / 3 0 n ' i  h1.5L51 192.5 

w-7 1101 

2'6.8 29.' 
29.5 
29.0 
29.2 
30.2 

29.6 

30.1 
30.3 
311.8 
3L.l 

"9" 

NH-4 

1731 

215.4 

272.I 55.8 
56.L 
56.6 
57.2 
57.5 
57.9 
58.2 
5R.L 

59.3 
59.R 
60.2 

N*-3 

1733 

213.1 
Z12.b 
212.2 

205.0 

iio.ri*j 210.3 1733 
108.3<2) .2L2.7 
L"7.IIPI '213.9 
107.8 213.2 
107.3 . 213;7 
107.2 213.8 
lP7.llil 213.9 
LOP.1 212.9 
Lll.3141 208.7 
116.51') 20L.5 
lll.816l 209.2  
112.81LI 208.2 

130.0 i o n i n *  
ll,01,7L 
L2/01,7* 
1101175 
2/01/75 
3,01175 
4 / 0 1 / 7 5  
6/01/79 
7/01/15 
9/01/79 

146.7 1R3.3 1101 

lr5.7 181.3 
Irr.7 185.3 
143.7 186.3 
113.7 186.3 
1L3.7 186.2 
161.7 182.3 
15b.7 175.3 

115.7 Inc,.2 

1s2.r 177.3 

I)1s,IlY-21*"1 c 19 283." 

272.0 10/01/7L 
1110117' 
12m1/11 

1,81175 
2/01/75 
W"1175  
"IOL175 
6/01/75 
7/01/75 
9/"1,?5 

271.0 
102.5151 177.0 1101 
101.515, 175.0 
ln1.5151 178.0  

96.5151 l83.0 
'5.5L5, 1B4.D 
'11.5151 1m.0 
102.5151 171.0 

w.5151 100.0 
101.5151 176.0 
1n8.5(51 171.0 
110.5151 164.0 

2'7.0' 1/15/75 
2/1+/75 
3,,5,75 
*119/15 
5/1<,75 



STATE WELL 
NUMBER 

bR0"M) :,R$z WATER AGENCY ~ e G R W M )  W4TER G E M  5 w" SURFACE ro WiiTEA SURcnCE EUPIILW STbTE WELL $ E SURFSCE 1o W ~ ~ E R  SL'e.f*CE %Rr 

SURFACE IhG 
0 IN FEET w FEET IN FEET On7A 

NUMBER = 3 ELEVATION SURFACE IN' = 5 ELNPilOIi z c IN FEET IN FEET IN FEE? DATA 

61.2 
6 9 . 1  
63.6 
b8.9 
64.3 
6D.L 
e-." 
70.1 

hP.6 
09.9 
71.5 
72.L 

69-9 

68.6 

60.5 
60.5 

'9.0 
'9.0 
b3.0 
k7.0 
47.c 
47.0 
'7.8 
' 8 . 0  
.e.* 
51.0 
51.0 

56.9 
57.0 
57.0 
57.2 
57.5 
57.6 
57.6 
5a.6 
55.R 
SP.2 
m.3 
60.7 

r1.5 

291.8 8/11/75 ' 76.1 ! 217.7 1733 
9,03175 7'.9 , 2ll.D 222.8 173, 

2E.3 
P2L.* 
222.5 
222.1 
222.6 
22z.0 
220.9 

223.9 I101 

221.8 ,733 
221.6 
214.11 
219.9 
219.1 
119.8 
220.2 
214.11 
219.6 
ZIR." 
217.3 
217.5 

222.4 ,101 
221.1 
219.5 
218.9 
PL9.5 
221.1 

., 
.I 

22O.h 1101 

21"s 1101 
219.5 225.0 ]*ill 

223.0 
222.9 
222.4 
221.5 
221.9 

211.n .ILOI 

218.0 
217." 

214.0 
219.0 
219-0 
219.0 
218.0 
218.R 
215.0 
215.1 

90.3 227.2 1101 

01.9 I 225.6 
93.0 224.5 
W.6 223.9 
93.2 22L.3 

91.3 I 216.2 

315.0 10115/7L 
11,15/1L 
1/25/75 
P115115 
3/19/75 
+/I5115 
5/15/75 
6/15/75 
7/15/75 
8,15175 
9,15/15 

215.1 1733 
215.0 
215.0 
211.8 
216.5 
2,'.* 
21*.* 
213.4 
213.2 
Z12.R 
211.7 
211.3 

67.2 229.8 I 1 0 1  
70.2 226.d 

77.11 8 ZZB.0 1733 
71.3 227.7 
77.9 227.1 
79.1 ZLb.9 
78.7 226.3 
70.2 8 225.R 
79.3 225.7 
79.6 PZ5.L 
79.9 223.2 
a1.1 223.9 
00 .6  221.* 
82.3 ' 222.7 

'PA 
'I.* 
b1.e 
4?..S 
42.1 
$3.0 
A2.q 
43.1 
L1.3 
'1." 
k . 3  
01.9 

LC.5 
'I.5 
w.5  
LJ.5 
"2.5 
'2.5 
AL.5 
65.9 
L7.5 
$7.5 
'4.5 

o w  
nP" 

2 8 . 0  
211.0 
27.8 
28.0 
21.9 
2T.8 

211.4 
29.9 
3n.a 

2n.2 
2 n d  

216." '733 
216.2 
215.9 
215.1 
214.8 
Zl( l .6  
211.T 
211.5 
ZlL.3 
21+.7 
z,,., 
212.9 

295.0 11/05/16 
1/07/75 
3,11+,75 
5,0<,75 
7,01115 
9/03/75 

66.5 Z2R.5 l l o l  
P).5111 213.5 
67.5 277.5 
6R.5 ' 2m.5  
79.5111 215.9 
,*.5 , 220.5 

63.515, 2 2 0 . 5  ,101 
L5 .5 ,5 )  218.5 
66.515) 219.5 
CP. i I5 ,  2ZI.5 
03.515, 120.5 
66.515, ZIT.5 
70.5151 213.5 
72.5151 211.5 
69.5151 2lr.5 
79.515, m e . 5  
65.515, PIO.9 

204.0 I l P l  
209." 
2lOr(l 
2,o.n 
21 L ." 
211.0 
209." 
208." 
206.0 
206.0 
20'1.*" 

28,.5 1@,15/71 
11/15,74 

1,14/15 
2,15175 
3/15/75 
11115/75 
5/15/75 
6/39/15 
7/15/15 
91,9/75 
9/15/75 

1101 

209." 1101 
209." 
209.z 
209.0 
209.2 
2 0 9 2  
208.9 
2UB.4 
20P.L 
Z07.l 
Z0h.P 

57.0 223." l l 0 1  
511.5 221.9 

65.3 225.7 1133 
65.9 1115.2 
67.1 223.9 
67.6 223.6 





TABLE C-l  

GROUND LYATER LEVELS AT WELLS 

P35.0 ?".l 
l+.b 
21.6 
711.7 
24.5 
25.0 
25.1 
25.0 
25.1 
26.6 
27.4 

210.7 

, 210.' . 210.3 
210.5 
210.0 

, 209.9 
Zl(l .0 
Zfll.' 

4 201.4 
,201 .6  

, 210.r 
1731 506.7 1210111' W1.6 161.L 1101 

1/01/75 x 4 . 6  162.1 
2/01/79 338.6 168.1 
%aim pi.s 165.1 
LIOL,75 3'1.6 105.1 
6/01/75 345.6 161.1 
7/01/11 342.6 16A.L 
7/01/75 969.6 157.1 

h79.4 27l .P  
1w.9 
172.9 
173.9 
173.9 
17Z.9 
173.s 
174.9 
172.9 
172.9 
17L.9 
171.4 

110, 
266.0 21.3 

78.3 
P7.9 
28.8 
29.5 
28.3 
29.2 
7R.5 
28.2 
29.3 
20.3 
31.0 

21A.7 
, 217 .7  

218.1 
211.2 
217.5 

' 217.7 
216.8 

I E l l  5 

, 216.7 
215.0 
215.0 

: 217:s 

,733 

51n.q 10101175 m . 0  ~ h . 3  1161 
11,01174 369.0 119.3 
12/01/7" 366.0 152.3 

llP1115 360.0 158.3 
WDlI7.i 369.0 144.3 
3/01/75 359.0 159.3 
4,01/75 257.0 161.3 
6101/75 365.0 153.3 
9101/7q 371.0 117.3 

260.5 11/IZtT4 . 113.5 g 211.0 1101 
4,02175 .5.0 215.5 

218.0 48.515) 
39.5151 
37.515, 
JT.S15> 
17.5151 
35.515, 
h5.515) 

50.515, I 

52.5151, 
51.515). 

'3.5151 ' 

199.5 
208.5 
210.5. 
,210.5 
210.5 
212.5 
202.5 
201.5 
147.5 
19S.5 
192.5 

1101 

560.9 198.r. 
151.4 
I%.* 
157.k 
157.' 
L58.* 
157.4 
158.L 
1 5 8 A  
159.4 
159.r 
I*,.+ 

1101 

lOll'i17' 
11/15/74 

1/15/75 
2/15/75 
3/15/75 
C115/75 
5/15/75 
6 /15 /75  
7 /15 /75  

9115/75 
8/15/75 

20a.o 
206.0 
2OB.O 
208.0 
208.0 
210.0 
198.11 
199.0 
194.0 
193.0 
I89.0 

1101 

5 X . 6  
2+7.5 55 5151 

r5.5151 I 
'*.5(51 
18.5151 
40.515I. 
'R.5151 

52.5151 
55.5151 
52.5141 

&151 ' 

50.515, ' 

197-0 
201.0 
202.1 
203.0 
209.0 
207.0 
199.0 
197.0 
195.0 
192.0 
195.0 

11111 

' W . 0  

4 W . D  

llC.3 

c a w  

+35.7 

368.5 

351." 

155.11 

629." 

366.q 

380." 

358.0 

3'1k.0 

32G.O 

308.0 

238.2 1101 
234.3 

1101 
216.4 

218.9 1101 
220.1 

21L.7 ,101 

257.2 11112171 Nu-1 

4115175 Nr-1 
12/1&174 r10.3(*1 

lli,I)P,71 179.9 j75.9 IT333 
,1113,7' 17B.2 177.6 
l Z / O L / I I  116.5 179.3 
1115/1? 176.b 179.4 
2 1 0 5 n 5  174.3 181.9 
3/14/19 173.7 182.1 
4,09/75 1'3.1 182.7 
5,21,75 176.8 179 .0  
6,1117- 178.9 176.9 
7 / 0 2 / 7 5  lBZ.3 173.5 
811317* lBL.5 171.3 
9/01/75 lRL.5 171.3 

W h . 5  57.5 
57.7 
58.2 
5a.1 
59." 
59.1, 
59.7 
60.1 
60.4  
61.1 
61.5 
62.1 

239.0 
, 238.8 - 238.3 
, 238.1 

217.5 
237.1 
216.8 
236.L 

, 236.1 
235.4 
235.0 
231 .1  

LOIZL I I '  163.0 231.0 ,101 
11,aw7* 1.61.3 232.7 
12/12/7r 15R.L 235.6 
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TABLE C-l 

GROUND WATER LEVELS AT WELLS 

262.5 104.015l 
100.015) 
95.5151 

'91.5(51 
93.5151 
1OL.5151 
96.5151 

112.5151 
1DR.5151 
LLI.St5I 
LL8.0(51 
116.5151 

153.5 I l O l  
162.5 
167.0 
1,l.O 
169.0 
161.0 
166.0 
190.0 
154.0 
145.0 
1,L.S 
1'6.0 

10R.O 1 i R . D  
15P.5 
153.0 
159.5 
156.5 
156.0 
161.0 
155.5 
150.0 
159.5 
160.0 

1101 

3Q8.5 161.5 
129.5 
13'.5 
136.0 
119.5 
1'0.5 
lb1.5. 
L(ll.5 
165.5 
153.0 
199.5 
155.5 

,101 

267.0 102.5151 
95.5151 
88.5,51 
96.5L51 
47.5 15 I 
96.5151 
PI.5<51 
103.5151 
LO3.5151 
109.515t 
112.5151 
112.5(51 

164.5 
111.5 
168.5 
170.5 
164.5 
170.5 
172.5 
163.5 
163.5 
157.5 
19*.5 
156.5 

1101 

254.0 10161n'  81.5151 171.5 110 
I1/1117~ 81.3151 172.5 
IPlO9i7n 78.5151 175.5 
1106,75 75.5151 178.5 
P/lO11s RL.515) 172.5 
3/03/75 78.5151 175.5 
4/07/75 r7.5,51 176.5 
5 / 0 5 / 7 5  RA.5L51 165.5 
6/02/79 83.5151 170.5 
7/09/75 89.5151 164.5 
8/11,75 98.515)  155.5 
9/06/75 98.5151 195.5 

251.2 1/06/75 
2,110175 
3/01/75 
4/07,>? 
5 / 0 6 / 1 5  
6 / 0 3 / 7 5  

17b.0 
171.0 
175.0 
175.0 
162.0 
166.0. 

LIS 

228.0 10115174 61.0 
11/15/71. 40.0 
1/15/75 39.0 
2/15,75 37.0 
3/15/75 36.0 
C/15/75. 36.0 
5/15/7r; 3 . 0  

187.0 1111 
188.0 
1239." 
191.0 
192.0 
192.0 
192.0 

266.0 158.5 
158.0 
168.0 
162.0 
170.0 
170.0 
160.5 
161.0 
155.0 
I G B . 0  
151.5 
152.0 

189.0 110 
190.0 
191.0 
193.0 
196.0 
19L.O 
19*.0 
195.0 
188.0 
,as." 
I8b.O 265.0 10,21,74 

11/1117'4 
12,11/74 

1121,15 
2/21/75 
3/21/75 
4 6 0 7 I 7  5 
5/71/75 
6/23/75 
7/1'.,15 
8,11175 
9,1',75 

l"9.0111 
L09.0III 
99.0111 

105.0111 
-5.0151 

1PI.Oll~ 
96.5151 
106.5151 
108.0151 
114.915, 
110.0151 
112.5151 

1101 

350.0 ID/ZC/TI 18.6 
1112017' 39.5 
I2l3l/ir 39.8 
4 /21 /75  43.D 
5/11/75 43.6 
6/26175 63.9 
712*/,5 43.7 
6/29/75 42.9 
9 n 0 1 7 5  43.2 

311.4 ' 120 
310.5 
310.2 
301.0  
,Oh.+ 
306.1 
306.1 
307.1 
30b.R 

309.11 I20  
308.0 
101.6 
30b.8 
301.1 
301.0 
201.0 
30'1.5 
308.7 

577.6 110 

25A.D 170.5 
179.5 
LMl.5 
181.5 
115.5 
179.S 
181.5 
175.5 
173.5 
167.5 
Lb%5 
LW.5 

,101 578.4 110 

593.0 110 
567.8 

5 5 8 . ~  I I O  
557.7 

'88.3 ,IC 
188.5 

.191- 
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: TABLE C - l  

GROUND WATER LEVELS AT WELLS 

921.5 

563..0 

532.0 

583.0 

415.0 

"111.0 

30b.0 

308.0 

316.2 

331.0 

342.0 

3'2.0 

360.0 

375.0 

597.7 

' I .  * n 

IBO.0 

LBZ." 

$20.0 

ill.0 

'.102/75 29.n 
5 /87 /75  29.0 
6/11/75 3I.6 
7,09,75 13.4 
R117/75 35.4 
9111175 '2.6 

10115/7+ 71.6 
11/06/7* 70.3 
1211'1174 70.8 
l,OA,75 70.6 
2,19/75 70.9 
3/12/79 70.9 
* * 0 7 / 7 5  11.5 
5,1',79 73.5 
b r 0 W 7 5  73.1 
7,16/75 711.8 
8,06175. - 75.3 
P,17/75' 75.8 

691.7 ,101 
,492.5 
*BP.9 
G68.I 
* A b . ,  
A X . 9  

5nr.o ,101 
912.1 

516.8 rl O l  

5bb.l )lo1 

*5'.* ,101 
456.6 

+ 6 0 * 7  1101 
462.5 

235.6 I t 3 3  
230.7 
236.2 
Plb.', 
236.1 
236.1 
235.5 
233.5 
233.1 
232.2 
231.7 
231.2 

1011W71 76.7 281.3 1713 
L I / O ( . r T C  25.3 282.7 
l Z , , W l *  ' 75.9 282.1 
ll"P115 26.C 281.6 
2/14/15 26.4 281.6 
3/11/75 25.5 282.5 
L/02/75 7b.6 281.) 
511a175 21.7 280.1 
610'115 PB.0 280.0 
7/16/75 20.9 279.1 

9/17/75 29.7 ; 278.3 
8 1 0 ~ 7 5  2v.1 ~ ~ 8 . 9  

10/*4/71 26.3 101.7 1101 
11/07/7L "1-5 I 

* a 3 1 7 5  26.7 101.3 
6,03/75 76.7 3nr.3 
8/12/75 11.3 303.7 
9,1,,7s 27.2 , 3U3.8 

11/"6/7* '2.3151 299.7 1l"l 
1/116175 59.3151 282.7 
3 / 0 4 / 7 5  6L.3(51 277.7 
5/01/75 6G.3151 271.7 
7/01/75 95.3C11 216.7 
9/02/75 1?1.3n! 220.1 

375." 

*lP.O 

'2nd 

'26.D 

516.0 

291.0 

2P5.5 

252.5 

B21.0 

21e.n 

225.0 

2PZ.5 

209.1 

217.0 

21n.n 

ZLI." 

Z11." 

,1105/7r 126.011, 92.0 110 
1/02/75 12z.11111 96.1) 
3 /05 /15  121.Ollt 96.0 
5 / 0 5 / 7 5  123.0111 95.0 
7/02/79 13L.OlLl 8i.U 
9/03,,' 127.011, 9L.0 

lOI2"nr 1 I . A  194.6 110 
ll/L4/7+ 17.8 199.2 
12,10,7L 17.9 149.L 

1/27/14 18.1 198.9 
2,25/75 11.1 19C.P 
1/24/75 18.1 198.9 



la+;" 1Z.7 
12.3 
lZ.1 
12.7 
19.1 
11.6 
I*.1 
15.0 

191-3 
191.7 
191.9 
191.3 
l"1.7 
1.32.' 
189.9 
L89.0 

56.511, 15r.5 1101 
56.5111 144.5 
57.9111 151.5 
97.6111 153.r 
59.5<11 155.5 
56.5111 15G.5 
19.5t lI  191.5 
56.5111 L5L.5 
60.511, 150.5 
60.5111 150.5 
01.5<11 1'6.5 

213." 11,05/7L 11.015, I7II.O 110, 
1/02,75 36.0151 177.0 
3 / 0 5 / 7 5  LO.0151 173.0 
5 /05 /75  108.0111, 105.0 
71102175 40.0151 173.0 
9/03/75 113.0111. 100.0 

210.0 10107/74 
11,01/1~ 
12/09/74 

1/06/75 
2,03/75 
9,03175 
*,@7,75 
5/05/75 
L,07,75 
7,"7,75 
8,01175 
9/01/75 

710.1 1101 

Z15.0 11/05/74 
1/07/75 
W l ' n 5  

68.511, 1*rr.5 ' 1101 
25.515) 187.5 
71.5111 'L11.5 
25.5151 187.5 
61.511) 1'8.5 
36.5151 176.5 

i 

51.011, 160.0 1101 
sb.O$l, 160.0 
51.0111 163.0 
53.0111 161.0 
53.0111 161.0 
61.OI11 153.0 

27.0 
26.0 
2 5 3  
26.0 
22.0 
25.0 
15.0 
18.0 
P3.0 
31.0 
79.0 
33.0 

31.0 
25.0 

17.9 
Ib .2  
16.4 
16.1 
15.7 
16.4 
16.5 
16.2 
13.0 
17.0 
17.7 
19.6 

15.1 
15.5 
16.2 
15.6 
15.0 
1'1.9 
15.1 
15.5 
11.3 
16.3 
17.0 
17.6 

70.9 
19.7 

16.6 
15.9 
16.6 
16.1 
15.9 
11.7 
16.b 
15.3 
17.6 
18.7 

13.5 
I2.P 
8Z.a 

187.5 1101 
183.5 
181.5 

187.5 
18b.5 
19L.5 
191.5 

m3.s 

21'.P 195.6 110' 
195.1 
I9h.3 
195.2 
195.7 
195.9 
195.2 
195.i 
196.1 
193.3 
142.5 

209.6 11.7 
11.6 
to.') 
11.2 
IO.8 
10.0 
11.3 
11.1' 

14.3 
13.9 

DRY. 16> 

1m.v 
198.0 
198.7 
198.4 

'198.8 
196.8 
198.3 
197.9 

1lD 
106.0 1101 
190.0 

195.0 1733 
196.3 
196.1 
196.5 
196.8 
196.1 
196.0 
lYb.3 
198.7 
195.5 
1911.8 
192.9 

195.3 
,195.7 

198.1 173: 
187.7 
187.0 
187.6 
188.2 

1ne.1 
181.B 
1RH.9 

186.2 
185.6 

188.3 

1 ~ 6 . 9  

203.0 l l l o l l l l  12.9 190.1 110 

197.0 i o n 0 1 7 0  7.r . 189.3 I10 

*107,75 11-2 191.8 

4/07/75 7.8 189.2 

199.7 11,0117" 
c,09/75 

178.8 1101 
180.0 

190.5 1101 
L91.I 
192.0 

1011.0 ,0127171 
11/75/71 
12130171 

e0 page 79 for hey IO t e r n  0 abbreviation¶ -193- 



I TABLE C-l 

GROUND bYATER LEVELS AT WELLS t 

217.0 195.7 173: 
1 195.8 
195.2 
19!..9 
195.7 
193.0 
192.1 
191.5 

5Sl.2 "7.1 
L9.4 
51.5 
5L.9 
53.2 
67.9 
*,-1 
' 6 . 2  
b7.5 
49.5 

5'L.l ,, 
5CI.7  
539.7 
536.3 
538.0 
5L3.3 
948.1 
5*5.0 
5'3.7 
541.7 205.0 188.9 ,101 

188.7 
1 RB .I 
IRR.6 
188.5 . 188.7 
188.6 

I im.5 
m.7 

a 168.7 
: 1W.6 

601." 11.8 
12.6 
12.6 
13.1 
13.2 
12.1 
I?.& 
13.0 
13.2 
11.9 

12.7 
2.41161 

527." 

701.2 

289.7 237.3 I1 
NN-Z 

72.3(11 611.9 I 7  ,,.&,*) s3z.a 
a*.* e$.* 
B7.l 617.1 
87.8 616.1 
82.5 621.7 
76.6 627.' 
56.3 667.9 
57.0 6L7.2 
70.2 6 X . 0  
TL.* 629.8 
7B.h 6Z5.8 

, 532.8 1713 
5%.0 

I 51'.1 
512.2 
516.5 

S"4.6 
506.3 

* 510.0 

8 510.0 
, 511." 
509.1 
506.3 

696.6 57.9 

80.4 
8 Z . 1  
72.1 
64.9 
3 i . L  
35.7 
54.7 

65.t 

NH-I 
NH-1 

NM-1 

616.7 17 

629.2 

716.0 10/31/7L 51.9161 66L.l 1 1  
3/11/75 AT.5 668.5 501.4 ' L9R.9 794.9 I18 

800.9 
795.3 
m6.r 
796.0 
*os.* 
805.6 

5g9.1 I101 
59L.6 
587.7 
575.8 
588.8  

606.0  
617.6 
600.3 
586.L 

583.6 

761.8 118 
767.6 
76L.7 
762.1 
761." 
770.6 
770.2 
770.1 
7 H . R  
165." 

b55.0 11/01/74 w-1 
12,10/7* 122.0 

w n , / 7 5  Mu-, 

631.1 LO131,TU nill 
3 /3 ,11s  DP" 

625.0 11/01/74 111.1 
3/31/75 ,171.1 

,101 
533.0 

1101 

513.Y 1101 
493.9 

DlN/I(IY-PSFOl C 19 755.3 10,01/7& 23.6 
IZI10n' 16.0 

1 / 0 6 / 7 9  20.4 
2,06/77 22.6 
3/04/75 23.9 
4/18/75 2.1 
5/17/75 2.9 
6/03175 ,,2 
7,0,114 11.3 
9/09,75 21.9 

731.1 lli 
739.1 
731." 
732.7 
,,I-L 
153.2 
752.6 
752.1 
744.0 
733." 

603.5 10,01174 111.4 
12,"?,7* L72.9 
1m7/75 12+.L 
2 / 0 5 / 7 5  125.8 
3/13/75 I l 6 . h  
'11'175 LZZ.8 
5,01,75 118.7 
6 , " L h S  111.2 
7/01/75 111.5 
9,0'/75 l l 8 . 0  

624.5 E L (  
632.T 
6,'.1 
6OC.6 
602.1 
602.3 
619.1 
668.7 
6k6.5 
6LO.B 
622." 
616.1 

631-9 10,0117' 33.5 
1110117L ,Z.I 
12m111r 35.5 
1,01,75 37.5 
2,01175 97.5 
*1",/75 13.5 
5/01/75 16.5 
6/01/15 77.5 
PI01115 33.5 

514.2 1 7 3 3  



TABLE C:I 

GROUND WATER LEVELS AT WELLS 

"-05 
" 4 5 . 0  
"-05.O' 

1185.5 ,101 
1185.7 
1185.9 
11w.5 

1096.9 1101 

1109.0 

1111.5 1101 
111*.9 
1116.5 
1115.1 
l l l 5 . 9  
1121.O 
,119.') 
1117.' 
l l l b . 6  
1113.5 
1lIFi.b 

1073.1 ,101 
IO93.R 

1138.1 1101 
llLO.3 

1 1 ~ 6 . 8  

" d 5 . E  
"-0S.EI 

514.7 110, 
589.0 

618-1 1101 
b15.8 
617.5 
622.0 
626.0 
625.3 
619.1 
616.7 
616.2 

.615.2 
615.1 
613.P 

I l D l  

663.3 

6BG.2 1lSl 
637.6 

645.6 1101 
660.2 

1101 

1101 

631.9 l l e l  
627.9 

638.7 110, 
662.1 

1165.0 53.5 
50.1 
68.5 
69.3 
*').I 
111.0 
45.1. 
67.6 
50.4 
51.5 
5L.b  

633.2 1101 
698.0 
621.9 
622.' 

62b.9 
633.2 
635.7 
629.1 

458.3 30101174 32.5 
I2/l"/7' 42.5 
1106,E * I . ,  
2/Oh/15 51.7 
3/1&/75 46.8 
4/1W75 28.1 
5 / 0 2 / 7 5  19.7 
6 /06 /75  15.5 
7/31/79 32.5 
9/00,75 "0.8 

625.9 1101 
615.8 
(111.2 
606.6 
61L.5 
630.1 
618.6 
6**.8 
625.8 
617.5 

605.3 1101 
6 n . 6  
606.3 
603.6 
6011.0 
597.6 
598.2 
608.2 
612.9 

595.n 11111 
589.8 
582.8 

590.a 
603.0 
610.5 
59L.P 
5'9.5 

5%.6 ,733 
595.b 
582.5 
576.7 
576.1 
575.1 
579.1 
606.5 
607.0 
597.6 
588.1 
577.2 

599.9 ,101 
575.9 

1101 

632.0 
630.4 
627.6 

623.0 1101 
610.6 
612.2 
608.7 
611.8 
627.' 
63O.* 
631.7 
622.3 
618.9 

1319.7 128.1 
130.3 
131.0 
130.4 
178.0 
126.6 
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GRwLn GRwNU W W E R  AGENCY 
5 SURFACE 

$ ELmriaN 
< IN FEE7 r{:k: IN FEE? DATA 

SURFACE %PRY. 1 1 ~ ~ ~  WELL 
$ OATE W A ~ R  ELEV ING 

225.0 1012W74 97.6 
1106115 96.9 
3 / 0 5 / 7 5  91.0 
412V75 101.3 
6 /23 /15  1nb.U 
8/28/75 173.7 

GRVJNQ WATER 
SURFACE 

SURFACE 
IN FEET 

GRO"rn 
STATE WELL & SURFACE 

Y $ IN FEET 

- E L E V ~ ~ a N  omz ra WATER 'FF NUMBER 
" FEET 

211.5 111/24/7'1 122.8 
11GW75 W-9 
3/"5,7S NL-9 
*,2',75 Nw-9 
6/21/75 176.0 
8,28175 132.7 

235.0 l0/01/7~ 103.5 
11,0117L B I . 1  
12/01/71 83.3 

110,175 88.5 
2,0,,75 92.5 
3/01/15 91.6 
&,01/75 P9.7 
5/01/75 00.0 
6,"1,75 92.0 
7/01,75 IO".' 

9/01/75 12g.5 
8 1 0 1 / 7 5  ii3.r 

235.0 10,01,7L 48.0 
11/01/71 81.2 
12~"1/1~ 79.8 
llOll75 112.8 
2101175 R7.3 
1,01/75 P7.3 
9/",,75 88.5 
5/01,79 "7.0 

. ' 6,01175 a7.9 
7/01/75 43.5 
B101175 l"S.7 
9l"l,75 115.0 

231.1 10121/75 102.3 
1/06/75 45.7 
3/"5,75 102.1 
4,711175 q5.6 
6,21115 96.3 
812W75 IIy-1 

211.0 1010117L 1113.9 
1 1 m 1 n 1  82.2 
12/01/71 91.1 
1,",,15 07.0 
210,,15 9D.2 
3,",,75 92.0 
*,01,75 RP.6 
5,01175 92.3 
6,0, /15 Q".R 
7,01175 08.0 
810,175 111.5 
9/01/79 1 j R . 3  

23L.O 10/0117* 109.3 
11101/71 100.3 
1P101174 L"4.R 
1,01,75 l"7.3 
2,01175 I l 0 . P  
3,01175 101.2 
lr101175 92.e 
5/01/75 89.2 
W O 1 1 7 S  42.5 
7191175 101.5 
8101,75 l"b.4 
9ln1775 170.5 

250.0 

"-05 
WO5.F 
U-O5.Fl 

127.L 5102 
.LPB.I 
111-0 
1P3.7 
l N . 0  
lOl.3 

106.2 5102 
115.9 
IW.9 
IIZ.0 
102.1 

V'.B 

5102 

1"Z.A 

88.7 5102 

"7.5 
78.8 

131.5 5102 
150.1 
151.7 
166.5 
I*P.5 
1*3.' 
1G9.1 
1'5.0 
l G 3 . "  
114.6 
121.3 
116.5 

137.0 5102 
153.8 

152.2 
1'17.7 
lL7.7 
1'6.5 
I 1 H . O  
I*,.? 
1*1.5 
129.3 
LZO.0 

128.8 5102 
135.1 
129.0 
115.5 
13*.8 

155.8 

ILI.1 %la2 
1'8.n 
149.9 
ICP.0 
140.8 
139.0 
l'1.C 
138.7 
1ra.2 
133.0 
11q.5 
117.1 

121.7 5102 
L30.7 
I2G.2 
123.7 
lZ0.8 
129.8 
L3R.2 
1b1.8 
138.5 
127.5 
1ar.s 
110.5 

201.1 -102 
PW.6 
2 0 1 2  
199.1 
196.7 
191.1 

19+.3 &712 
IRI.5 
19R.5 
183.6 
1sr.1 
193.1, 
197.1 
178.8 
L7L.I 

P paw79 for hey m t e r n  a abbreviations 

"-05 
"-05.F 
"-0S-F 

2 4 ~  1010w7* 61.6 188.6 
11/01/7r 60.8 189.2 
l 2 l 0 6 l l r r  51.P 198.P 
1,01179 56.4 193.6 
2 /07 /79  55.6 194.4 
3/07/75 57.7 1g2.3  
4,D',74 57.6 192.4 
5/02/75 56.4 191.F 
6106175 59.+ 140.6 
7/01/75 63.8 186.2 
8,011,' 62.6 187.4 
9/05/75 66." 1 W . O  

25t.4 l@,2',7' 99.9 2D2.0 
1/06/75 L8.8 ' 203.1 
3/05/75 SL.3 197.6 
4I?R/7'i 53.3 198.6 
6,21275 58.1 193.8 
8 /1W74 57.3 196.6 

-IF/- 
.~ ... -. ., .~ - , .  



TABLE C - l  

GROUND WATER LEVELS AT WELLS 

U-05 
"45.F 
U-(ISrCL 

18.9 "211) 
16.2 
15.6 
16.5 

-13.9 '21" 
-7.9 

.-5.1 
-6 .z  
-0.6 
-0.6 

0 - 2  
14.6 
4 . 2  

-11.6 
-15.9 ' 
-15.5 

5102 : 31.11 SI02 
35.6 . 
I".* . 29.5 
3 0 . 6  

5L02 

:15".8 5102 
;*02.6 
,,s5.0 
: l63 . I  

151.6 

66.7 G I 0  
66.9 
68.1 

, 56.9 
67.6 , 66.5 
90.2 
65.3 
87.3 
85.5 
63.7 
60.0 

-0.7 

28.4 510; 
6Z.I 
$2.0 
66.5 
21.0 
28.9 

*(I.* 51oi 
'6 .0  
$9.8 
+5.8 
45.2 
6l.G 

-11.5 *21,  
-7.11 
12.5 
2.8 

1s.e 
19.1 
20.6 
12.6 
1 2 . i  
8.0 
3.k 

-0.3 

61.2 5 1 0 2  
70.8 
5L.0 
1 0 . 0  
63.9 
39.8 

'I.9 5102 
52.5 

,7.9 
51.1 
k5.6 

510 
8.3 
9.6 

IO.2 
32.' e l "  
35.1 
3.6 
13.7 
'1.6 

I 3P.R 
1111.1 
39.4 ' 35.1 
3, .I 

I 29.1 
3s.7 

-0.3 $21 
5.5 
5.7 
5 .P  

11.5 
10.8 

20.9 
,*.a 

0.3  
-2.3 
-1.2 

m a  

' 11.e '?,I. 
a,.* 

' 3'.6 
35.3 

8 3q.z 
39.6 
*O.R 
Iil.9 , 37.6 
33." 
31.4 
11.1 

10.7 '21 
16.5 
ll .2 
12." 
22.5 
18.8 
EO.* 
17.8 
10.5 
10.6 
8.3 
6.6 

,*,.I , 0 1 2 1 / 1 5  177.7 
'12,3117' 179.' 

2/27/79 160.3 
**z4,75 161.7 
b,7*,15 1'7.1 
9/",,15 l W . 0  

10.0 *z  
l 7 . 2  
12.9 
12.3 
LB.3 
18.5 
21.z 
LB.7 
5 . )  

I*.2 
,,.% 

150.0 139.0 
LLH.0 
LSI.6 
131.1 
176.1 
1 Z h . h  
175.1 
1,5., 

IO.? 
22." 
I R . *  
18.9 
23.6 
23.' 
*L.7 
2 ~ 7  

L Z 1 '  

I 



u-1)5 
"-0S.F 
WOS.FI 

"-05 
" 4 5 . F  
"45.FL 

,".2 9,01175 136.5 

41.7 
91.9 
86.3 
m . 0  
a"., 
86.0 

N + l  

'5-3 
'1.3 

LI.9 
6".* 
5L.B 
53.3 
51.3 
56.0 
51.3 
58.7 
67.0 
71.6 
76.1 
7L.B 

80.3 
70.') 
71.5 
R 9 . B  
83.2 

45.8 
IB.1 
a5.1 
85.0 

09.8 

41.3 
l l . 0  

02.3 
R5.2 
83.b 
76.7 
83.3 
110.6 
R5.3 
PS.0 
87.5 
Qk.6  
n5.6 
86.7 

q2.7 
R7.1 
96.0 
78.0 
78.5 
79.9 
79.7 
90.8 
a7.5 
90.7 
qG.6 
-5.0 

7 0 . 0  
67.2 
67.3 
55.8 
51.5 
57.3 
63.6 
hk.1 
60.7 
72.2 
60.0 
65.' 

72.3 
10.2 

r7.1 
'5.1 
'2.7 
39.9 
37.5  
' 5 . 7  
39.1 
'8.L 
99.2 

59.1 
% . I  

NM-1 

q6.n 

7.7 4210 

15.3 5102 
19.1 
20.7  
20.0 
16.9 
21.0 

5102 

-1.3 1101 
2.1 

5R." 6.4 510; 

13.2 

21.1 

38.6 ,0,0'1,7* 
11/2"/74* 
12/11/71 

1/01/75 
2/12/75 
3,05,15 
5/16/75 
5,07175 
b l lP175  
7 I O  0 I 7  5 
8 I 2  " I 7  5 
9/1"/75 

-z*.3 ,713 
-21.8 
-16.2 
-15.7 
-12.7 
-15.' 
-12.7 
-20.1 
-28.L 
-3,.n 
-17.5 
-36.2 

67.0 1013P17* 
3/18/71 

6 / 2 6 / 7 5  
R I 2  9 / 75 

* r l Z a n 5  

-,3.3 5102 
-3.9 
-4.5 

-12.8 
-16.2 

-5.8 5 , 0 2  
1.9 
L.9 
5.0 

111.1 -121.e 
-&*.a 
-*2.a 
- 4 I . B  
-11.5 
-*I .+ 
-*>.e 
4 6 . 8  
d6.8 
4 7 . b  
-17.8 
-*ll.e 

I10 

91.0 1 0 1 3 0 1 7 4  
1,03175 

-11.3 S1D2 
4.2 
-2.6 

c.3 
-z.3 
O.L 
-4.3 
-1.0 
-6.5 

-13.6 
-6.6 
-5.7 

17.5 105.611, 
50.6151 
98.6151 
rr.1151 
62.6151 
61.615, 
39.6131 
42.6151 
'15.6L51 
53.6151 
57.6151 
54.6151 

-8n.i 
-33.1 
-31.1 
-27.1 
-z5., 
-24.1 
-22.1 
-25.1 
-28.1 
-36.1 
-*0.1 
-3T. 1 

110 

70." 1010117L 
11/0,,,1 
lPIO,,,I 

I /" I n 5  
2,01175 
3/0117s 
L / 0 1 / 7 5  
5/01/75 
6 / 0 1 / 7 1  
1,111,75 
8,01175 
9 / 0 1 / 1 5  

-z2.7 , 5 1 0 2  
.-I,., 
-,I,.(l , 

-8.0 
-8.5 
-8.9 
-9.7 

-10.8 
-17.5 
-2n.7 
-21.6 
-25.0 

-5.Q G Z 1 0  
-2.z 
-+.1 
9.2 
L.5 
7.7 
1.6 
0.9 
6.3 
-7.2 

5.0 
-0.L 

35.7 SLDi 
31.8 

17.r 4 i . D  
-41.0 
-38.0 
-35.0 
-,,.e 
-26.0 
-,I." 
-32.9 
-w.o 
-18.0 
-16." 
-ib." 

-21.9 ' Z I 6  
-19.1 
-16.9 
-,I.! 
-11.7 
-10.- 
-13.3 
-2P.L 
-13.2 

-32.1 
4 8 . 1  

-?*.a 

I l I  I?." 6,17,74 N9-0 

5.0 LOn'117L 17.2 '-9.2 511 
1 / 0 7 / 7 5  15.3 -7.7 
3 / 1 3 / 7 5  13.* -5.' 

:e poge 79 for key lo t e r n  e obbreviolions 
-19e 



I 
SABLE C-l 

GROUND WATER LEVELS AT WELLS 

055/12.I-O1U06 5 311 

8.0 

8.8 

73.6 

71.6 

6.7 

6.1 

6.1 

6.1 

6.1 

17.0 

1,S.L 

11.0 
11.7 
I" .3  
l'.U 
20.3 
19.0 

90.6 

oar 

w..n 
5.9 
6.8 
5.9 
5.0 
5.6 
6.2 

12.4 
15.9 
15.1 

8.6 
9.3 
6.0 
6.9 
7.5 
7.9 

12.3 
16.3 
13.1 

28.0 
70.3 
I8 .I  

16.9 
14.5 
15.1 
30.0 
28.3 

6.4 
7.2 
6.2 
5.* 
5.8 
6.3 

I,.' 
1s.n 
13.6 

11.8 
11.8 
10.3 
9.9 
9.7 
9.8 

13.0 
16.2 
15.8 

57.0 
'9.7 
*4., 

18.5 

ai.7 
y . 5  

1'1.0 
169.0 
175.1 
155.1 
*I"., 
168.1 

79.' 
20.8 
23.8 
11.1 
2P.5 

'6.9 
w-.3 
43.n 

3x.n 

'I -6 
60.8 

39.0 
39.1 

W - 1  
""-1 

9b.l 
97.6 

-7.L 5102 

72.2 1101 
-7.9 
-1.5 
-6.0 

.-11.5 
- !0 .7 

-i7.0 ,101 

-15.2 1101 

.O.R 1101 
-0.1 
: 0 . 8  
'L.7 
11.1 
0.5 

-5.7 
-9.2 
-8.5 

-1.9 1101 
-2.6 
71.3 
-0.2 
-0.8 
-1.2 
-5.6 
-9.6 
7L.L 

-13.9 1101 
-16.2 
'12.3 
-12.G. 

-12.1 
-19.6 
-2,.9 
-22.a 

-1a.R 

-0.3 1101 
-1.1 
-0.1 

(1.7 
0.3 
-0.2 
-5.3 
-8.9 
-7.3 

-3.1 i i o i  
-5.1 
-'.? 
-3.8 
-1.6 
-3.7 
-6.9 

-10.1 
-9.7 

-40.0 51Q2 
-32.7 11111 
-27 .b  
-27.7 
-36.5 5102 

"-05.FZ 

232.0 51mZ 
254.0 
2'7.9 
263.9 

256.9 

31.1 -182 
3s2.7 
249.7 
35e.2 
352.0 

262.1 ' i102 

2 ~ 3 . ~  
m 5 . *  
286.2 

271.2 5102 
266.0 
269.9 

266.9 5102 
2s2.4 
245.7 

e POC 79 for hey to lwm? B abbreviotians 

03511nY-15COI F 3" 377.0 10/21/7L 107.6 
12131174 B6.s 
2127/75 99.1 
II2*,% 9o:p 
6/26/75 98.4 
9103175 101.6 

OlS~ln*-ZZm1 c 30 P B O . ~  io/zin' 162.6 
12/31/71 1411.6 
1/27/75 158.0 
'/28/?5 159.6 
6/26/15 160.2 
9/01,75 160.0 

335.2 10/24/7& 1692 
Il06175 169.2 
3/05/.75 ,,".8 
W28175 170.5 
6 / 2 3 / 7 5  169.7 

365-0 tO!ZL/74 71.F 
110.517s 71.0 
3/05/75 73.2 
1/29/75 78.1 
6 /23 /75  71.6 

a m 1 7 5  

8/28/75 74.1 

356." 1012117r 72.7 
1/06/75 70.8 
2IP5n5 73.8 
W29175 72.3 
9 1 2 ~ 7 5  NY-I 

510. 

Z9Z.J 5 ,e :  
ZB7.R 
291.6 

309.6 510; 
308.6 
339.8 
316.5 
3lF-H 

250.1 510; 
2S6.4 
256.11 

219.6 510; 

222.9 
23L.A 
223.6 
220.- 

111.e 510; 
I1P.2 
112.8 
112.9 
203.3 

117.4 51% 
131.4 
122-0 
120.4 
119.8 
120.0 

u-05.r3 

103.1 SLDi 

166.0 510; 
166.0 
165.0 
16L.7 
163.5 
16L.l 

293.8 5102 
29G.0 
291.8 
286.9 
293.6 
290.9 

PB1.3 5,112 
285.2 
282.2 
283.7 

238.0 

186.6 5102 
187.6. 
187.2 
1m.o 

,187.2 
186.8 

7 

1 
I 

a 
1 

I 

I 



TABLE C- l  . 
GROUND WATER LEVELS AT WELLS 

m.3 

128.3 

193.6 

38.6 

""-1 

36.R 

1n.5 

NY-" 

39.5 

25.5 

16.5 

30.3 

34.0 

3 . 5  

3'.1 

82.3 

61.2 

7.6 
7.* 

-2.0 

3.7 

3.6 
2.9 

9.7 

1.D 
".6 

l . 6  

2.5 
2.3 

2.3 
2.1 

8.3 

'1.6 

60.0 

4.3 

57.1 

9l.b 

75.7 

1 9 1 - G  

173.5 

I l 0 . R  

PS." 

1'3.2 

27L.2 

1'6.9 

Y 

2175.0 5 0 0 0  
2179.8 

21IO.L SO00 
2180.1 

l17a.5 5000 

2150.5 SO00 

2153.2 5000 

2170.6 s o w  

Z I 4 P . R  5000 

Z191.P 5000 

219i.l 5 t m  

ZZO1.O 5000 

2196.9 50011 

21PT.5 5000 

2194.2 boo* 

2192.0 5 0 0 0  

2191.0 sono 

2 1 9 6 . ~  F D W  

7175.L 5 0 0 0  

'-201- 30 pope 79 for hey to t e r n  B abbreriationi 

2153.5 50011 



TABLE C-l 
GROUND WATER LEVELS AT WELLS 

2bW.l) 

2r90.0 

2562.7 

ZI1R.l 

2300.0 

m i . 3  

2305.0 

2515.0 

m 8 . n  

238O.L) 

2385.0 

2170.0 

29r.e 

P'L.3 

w-b 

1.30.2 

w - 1  
MP-I 

PT.1 
9b.7 

,?*.I 

31G.11 

IC.-0 

197.3 
197.11 

7n,:9 

352.0 
251.0 

page 79 for hey 10 t m  a abbreviations 



TABLE C- l  

GROUND WATER LEVELS AT VJELLS 
SOUTHERN CALIFORNIA 

2592.0 

Zb'Z.0 

2763.0 

Z b W . 0  

2712.0 

2790.0 

2715.0 

P930.D 

2795." 

2860.0 

P*OO.* 

2890.0 

30P9.0 

2913.0 

2955.5 

3036.0 

2454.2 

2656.' 

ZBRO.0 

w29.0 

5L60.D 

272.0 

11q .n  

301.1 

2-n.4 

53.9 

I%.? 

63.2 

103.S 

I0.2 

318.0 

15L.8 

77." 

155.5 

85.5. 

503.6 

316.3 

180.1 

327.0 
377.0 
330.5 
309.0 
324.0 
3P3.0 
323.0 
323.0 
37r.o 

Y-2b 
"-26.6 
"-26.hl 

2423.0 5000 

Z ~ L L . ~  5nom 

33112.9 SO00 

2591.6 5000 

1-26.b2 

Zr5n.I 5000 

2139.3 5000 

24bl.B 5000 

255z.P 5000 

2489.6 5.700 

2560.0 SO00 

"-26.43 

1482.0 %PO 

2532.2 SO00 

25a1.5 5011) 

2867.9 5000 

2395.5 5000 

2588..7 9 O P D  

3206.9 5000 

10111.0 L7114 
306L.O 
3019.5 5 m o  
3088.0 "IPS 
3067.0 
3068.0 
7068.0 
3068.0 
3061.0  

32k:o 

2639." 

2652-5 

25%.0 

258L.e 

2560.0 

2597.0 

P5,Q." 

2B50.0 

249Z.O 

243540 

2 w 2 . 0  

237tr(l 

23911." 

2437.0 

Z'r66." 

216"_" 

2446.0 

i * B l . "  

2505.3 

2538.D 

2385." 

m3b1.n 

2386.0 

2396.0 

2391," 

2125." 

2IlS-O 

2'22." 

2459.0 

2467.0 

Z15,." 

2140." 

7/15/75 205.511) 2LL7.0 '1101 
8/05/75 20b.5(1I 21146.0 
9/02/75 210.5111 2462.0 

L2115t7' *3?.0<Sl 2152.0 1101 
1115/15 L I D . G I S \  215L.i) 
6115t15 165.2151 ZllS.8 
7/15/75 1181.8111 2103.0 
8,20179 ' T L l i l S ,  211n.o 
9/15/75 *67.0151 2117.0 

6/15/75 '59.0 2125.0 1101 

2/20/75 361.2 2175.8 5000 

2119!7T 3Lb.r 2250.6 5000 

2/11/7Li 731.' 2260.6 5POo 

2111m9 3'6.7 8088.3 5ooa 

7 /15 /75  396.0lll 2008.0 1101 
8/01/75 396.11111 2 0 0 6 . ~  
9/02/75 w1O.Oi11 2002.c 



TABLE C-l 

GROUND WATER LEVELS AT WELLS 
SOOTHEilN CALIFORNIA 

2173.0 

2326.8 

2118.0 

218>.0 

2381.0 

P'I6R.O 

2381.4 

2381.9 

2371.0 

2386.0 

2365.0 

2359.3 

2407.0 

%I,." 

2412.5 

2r25.O 

2L37.0 

2454.0 

PC'9.0 

2L15.0 

2415.0 

2512.11 

24L2.0 

2381." 

2r4O.O 

2182.0 

2349.0 

2360.0 

Zrl7.0 

2-33.0 

Plh7.O 

2293.0 

23otl.n 

L100.8 

Z 1 I R . O  

2359.0 

2359.1) 

2361.0 

1-76 
*-?*.I 
Y-Zb.A.5 

2/11/75 315.9 2lC6.l b000 

2/17/75 53.3 2272.7 $1100 

2/13/75 176.1 21Al.g 4000 

2/11/75 I'l0.4 2201.6 5000 

2/11/75 L33.3 2251.7 5300 

2,13175 160.9 2lW.l 5000 

7/16/78 839.7 21L1.7 l l Q 1  
8/DL175 231.7 2151.7 
9/01175 '233.7 21r9.7 

7116.175 :322.811> 2002.1 1101 

9/07/75 ;105.8 I1 > 21179.1 
8,111175 p 8 . D  , I  I 2D5.5.1 

2/12/75 195.5 7190.5 W O D  

2 /13 /75  166.rl 2198.6 9 0 0  

7 / I r / 7 5  1111.1 217P.2 1101 
6 / 0 6 / 7 5  181.1 2I7P.Z 
9/05/75 I R l . 1  ,Z178.Z 

2/11/75 2LI.b 2180.6 5 0 0 0  

2/11/75 Z 1 9 . r  ~ 2 1 8 7 . 6  SOP0 

2/13/75 281.7 2167.3 ' . O W  

* Pope 79 far 'hey lo tern% 'e obbreviolioos , 
.2d- 

1 
i i 
a 
i 

./ 
I 



TABLE G-l 
GROUND WATER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

DG.2 

77.6 

"e-* 

95.5 

73.7 

RO.0 

N y - I  

100-.5 

29.0 

58.7 

wu-6 

'3.5 

201.2 

NY-1 

330.1 

3C3.a 

ezz.0 

D67.R 

116.5 

8D.1 

114.9 

166.9 

1.2.7 

157.4 

106.9 

1OB.R 

175.3 

3590.0 12.6 3583.4 ,101 
12.5 3581.5 
18.5 3585.5 
11.8 358*.Ll 

s x - i  
"-9 

9.1 3586.9 

10.5 3585.5 
15.2141 3580." 

M*-n 
NM-, 
"-1 

3735." 3688.7 
3686.6 
369E.O 

36934 
3WS.6 

1696.1. I '  

38011." 

3831.0 

1ez.S.0 

39PO.O 

3060.0 

3820-0 

38111." 

,814." 

+51,." 

2865." 

PBD7.0 

IOLZ." 

3177.5 

317R,ll 

.. t . 
Z1LO.O 197.0 

155.0 
I%.& 
155.0 
151.0 
155.0 

i w i o m  m.9 '37m.1 n o )  
1IIOC,,L 72.8 ??72.7 
IP,05,1' 70.0 3775.0 
1,0,,,5 70.1 3776.9 
2,11175 70.6 377*.' 

1,11175 66.1 3778.9 
5 / I )R ,T5  11.5'2, 3773.5 
6111175 17.012)  3767-1 
7/01175 76.0 3769.a 

1112175 1 I . T  3773.3 

12115/,Y 
1115175 
2/15/75 
3/15,75 
*,15,15 
5/15/75 
6/19/75 
711?175 
8/?"175 
9/14/75 

52.0 
93.0 
53.0 
-2.0 
52.0 
'9.0 
57." 
53.0 
S I . 0  
63.0 



TABLE C-l  
GROUND WATER LEVELS AT WELLS 

3373.0 

315r.0 

3320.0 

3432.5 

ZRD2.0 

2777.0 

ZR92.0 

3DZl.O 

32119.0 

3POO.O 

15r9.7 

3552." 

ZHL2.O 

2332.0 

2RII.O 

25'5.0 

2912.0 
2913.8 

3"LO.il 

2931." 

I 
I l / 2 h h L  331.0 3042 .0  110 

-a- I 
POge 79 for key i o  le& a abbreviations 

2R6R.5 10,01,7& 62.9 
11/01/74 N*-1 
12,,,,71 Nu-> 

zn72.s 5101 
2.9BO.5 

1-28.8 

2%b.5 5101 
2717.3 

3176.8 5101 
3 1 R O . P  

2906.2 510, 
2808.' 

2799.8 5,*(  
2 8 0 1 . ~  
2797.3 
2797.2 
179L.B 
274*.* 
2801.6 
2195.Q 
280l.I 

2792.6 

2BOS.h 5101 

2789.r 

5101 

Za64.5 S T I 3  
2861-2 

2780.2 5101 
2782.3 

2808.2 5101 
2889.7 

28l2.2 5101 
2R05.P 

3052-5 5101 
3052.3 

2756-3 5101 
275Li.i 

2913.1 

2797.4 5101 
2"OO.C 

281111.0 5101 

289'1." *1115/7r */2*,15 '9.5 19.5111 BBC5.5 28115.5 510, 

2561.' 57.L 
71.9 
61.6 
61.8 
(10.9 
68.9 
60.7 
12.8 
6L.L 
65.7 
63.2 
63.7 

2IP't.I 
2i89.b 
PLY9.9 
21w.1 
2580.* 
ZIPZ.6 
25BLI.R 
2681.7 
2500.1 
7196,s 
2L9B.J 
26'38.3 

5101 

32.E 
32.7 



TABLE' Cy1 

GROUND bVATER LEVELS AT WELLS 

lINIOLY-3P'IO? F 36 P06'i.O l IA20I74  176.0 IBR9.0 51 
4/28/75 173.0 11192.0 

1949.6 l lR.Blhl  
107.9 

105.7 
135.8 
122.3 
121.3 

, 132.8 
lar.3. 
122.3 
175.1 
107.9 

112.8 

51 

2216.0 1 0 1 0 4 1 7 ~  119.1 21196.6 5 1 ~ 1  
11101/7* 112.7 2103.3 
12/13/71 114.7 2097.3 

1/02/75 NY-I 
2116d75 111.5 2101.5 
3,13115 120.0 2096.0 
1/07/75 12E.G 2093.6 
5/09/75 117.5 7 0 6 5 . 5  
6 / 0 6 / 7 5  120.5 2095.5 
7/01/75 129.9 Z"B6.l 
8112175 115.a 2100.4 
~ 1 0 1 7 5  115.0 2101 .~1  

1886." w . 5  
48.5 

4r.1 
51.2C6l 
68.6 
68.0 
48.0 
52.i. 
48.7 
48.5 
49.0 

47.8 

1837.5 511 
1837.9 
1838.2 

1836.8 
1837.6. 
1938.0 
183a.e 
1833.8 
1037.3 
1837.5 
1817.0 

i m . 9  

216r.h 69.8 
72.0 
711.0 
71.0 

1 I S . I  
95.0 
-4.0 
92.5 
71.0 
71.' 
7Z.B 
71.1 

20~11.n 
2097.6 
2090.6 
2093.6 
2045.2 
2069.6 
2071.6 
2072.1 
2090.6 
2093.2 
7092.5 
mm.9 

5101 

"-1 
Nu-1 

' 8 .6  
68.1 
68.2 

NU-1 
NH-1 
Nu-1 
Nu-, 
"#-I 
NI-I 
UH-L 

510 

1791.4 
1756.9 
175L8 

2206.0 11/19/7'. 59.0 21'7.0 5101 

2197.0 11/19/79 116.0 2081.0 5101 

LIZ11175 57.8 21G8.2 

*mm 1711.7 2076.3 

1905.5 l l 1 2 W 7 ~  h1.n 1846.5 910, 
4/25/75 62.8 1RL2.7 

1817." 11/2217* 119.5 1697.5 510, 

2OCF.D 11~2117L 21.0 2026.0 3101 

20II1.a 11/22/71 62.0 . 2*19.0 5L01 

1/25/79 120.9 1696.1 

6/25/79 21.6 ZoOU.4 

4/29/75 61.8 2019.8 

IRP"." 1"/09/111 . 35.5 
LIIOL17' w-1 
12113/7* 36.1 

1/02/75 36.0 
211'174 38." 
3/13/75 35." 
' / " 7 / 7 -  35.8 
5/"9,1< 3,p 



, TABLE C-l 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 
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I 

I 
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TABLE C-l 

GROUND WATER LEVELS AT WELLS 

. 

2'122.0 11/07/74 W-7 
2,27/75 NI-7  

PPO5.0 l l l O l / l r t  145.2 
2/27/79 L"2.6 

2805.0 11/1'/79 1?3.7 
W P W l 5  132.6 

2950.0 11/07/74 13L.l 
2,2,,75 ne" 

PP*D.O 11/07/76 l l 0 . L  
1/27/75 123.0 

ZP*O.O 11/07/76 115.8 
2/27/75 116.1 

2971.0 11/13/7* 135.6 
4/23/75 1'1.6 

3035.0 11107/7* 1'42.3 
P/27/75 152.3 

2 w . o  11n7/7+ 118.4 
2/27/75 119.0 

2880.0 11/07/74 121.0 
2/27/75 120.1 

2908.0 11,01)7* 106.4 
2/27/75 101.5 

2930-0 11/07/71 '113.8 
2 IZ7 /75  118.9 

P S B O . ~  1 1 m / 7 *  m.3 
2,P7,75 I " l . 8  

2910.0 11/07/71 15.5 ' 
212,,TS 15.1 

2975.0 l l ,h/14 ' 6 -7  
4 I P l l 1 5  6k.2 

29O7.0 11/07/71 9.6 
2,21175 9.1) 

2965.0 11/07/76 85.1 
2127179 96.0 

2'liO.P 11/07/76 17.6 
2/27/75 15.6 

29811.0 11I11/74 68.5 
*123,75 RZ.5 

2920.7 11/11/14 156.0 
L1:3/75 175.8 

2905.0 11/1'1/74 133.5 
4/71/15 135.5 

2850.0 11/07/7L NY-9 
2,P7,75 n5.7 

3229.0 11,1317L 132.0 
6/23/75 191.or6, 

3059.8 11/13/7Q 172.0 
6/23/75 >79.1 

P933.a 1111117LI 210.5 
"12,175 205.5 

2910.0 l l / l W 7 *  192.5 
* /?3 /75  220.0 

5713 

n 5 o . a  5113 
216Z.L  

2771.3 51a1 
776Z.* 

2815.9 5713 

2829.6 5713 
? B l T . f l  

zB24.2 5713 
2823.9 

2835.1. 'il(ll 
2829.* 

2902.7 5713 
?40?.7 

2813.6 5713 
2813.U 

2759.0 5713 
2759.9 

ZC01.6 5113 
2600.5 

2816.2 5713 
2611.1 

2796.7 5713 
2778.2 

2924.5 5713 
2921.b 

242R.3 5101 
2 ~ ~ 7  

2m7.1 5713 
PR99.0 

2879.7 5713 
2871.0 

2472.9 9113 
P924.C 

2911.5 5101 
z*q,.s 

Z76r.7 5LOl 
271'..9 

P771.5 5101 
2769.5 

4113 
ZlbL.3 

3097.Q 5101 , 1075.0 

ZRB1.O 5101 
2879.3 

2722.5 51111 
P121.5 

21'1.5 5101 
272O.B 



i . TABLE C-l 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFOOREIIA 

1961.8 5101 
1997.3 

1171.2 5101 
177".8 

1767.3 5101 
17~2.5 

1767.' 5101 
1773.L 

1m.s m i  
i7ak.5 

17159.1 5101 
,759.0 

1,170.9 5101 
1766.6 

177P.U 5101 
1702.5 

1780.2 

IQ1L.5 -101 
1973.0 

19e5.9 5101 
1960.8 

1969.1 5101 

1vr2.3 SODO 

!97P.0 5000 

1929.9 5000 

1785.5 5101 

198*.* SODO 

,409.6 5000 

1451.6 5000 

1156.5 5000 

1956.7 5000 

1'455.G 5000 

1950.2 5oao 

1930.5 soon 

1950.5 5 0 0 0  

IPSO.* so00 

1950.1 5000 

'1793.0 5101 

li5R.6 5101 
'1859.0 

,1956.5 5101 

,1158.5 5101 

.l?hZ.O 5101 

1161.3 

1963.8 

r-09.9 

1520.3 5 l U I  
1527.3 

1328.0 5101 
133?." 

1307.1 

121C.l 

LZD'.S 

'128.).7 9'01 

'1219.8 510: 

, 1 2 0 1 . 1  51" 



TABLE C-l 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

GilOUNO XCWCI 
SUFACE ig:z: W T E A  

SURFACE 
FiET 

ELEVATION O ~ I T E  To w ~ ~ E R  SUflFAE 59$r 
STATE WELL 
WuI 5: 2 

s IN FEET IN FEET DATA 
3 

P 

pow 79 for key to terms a abkeviolions 
-2n- 

3730.0 10101,,5 
11/01/74 
12/05/76 
1/03/79 
2/07/75 
3/11/75 
L/01,74 
5,0,,,5 
6 /13 /75  
7/07/75 
8/22/75 
4m5/7' 

33P+." 10,01,711 
11101nc  
12,05171 
1/03/75 
2,o,,,ri 
3/11/76 
4 I", I ,  5 
5101175 
6/13/15 
7,07,75 
8122175 
9/05/76 

150.0 
L(9.8 

59.0 
75.0 

16.0 
77.0 
69.U 
33.0 
28." 
15.0 
21.0 
62.0 
67.0 

3.0 
8.0 

l*.O 
18.0 
10.0 
13.0 
7.0 
5.0 
5.0 
8.Q 
6.0 
L.0 

62.0 
62.0 
66.0 
6L.0 
61.0 
6L.O 
61.0 
61.0 
61.0 
7O.D 
72.0 
72.0 

107.0 
1OS.O 
87.0 
RP.0 
81.0 
BL.0 
85.0 
74.0 

71.0 
85.0 
88.0 

6*.0 
62.0 
47.0 
65.0 
L7.0 
L9.0 
51.0 
' Z . 0  
39.0 
34.0 
' 6 .0  
44.0 

13.0 
32.0 
59." 
36.0 
31.0 
29.0 
m . 0  
63.0 
35.0 
65.0 
b1.0 
38." 

41.11 
42.0 
79.0 
56.0 
15.0 

%.a 
55.0 
63.0 
55.0 
'&.@ 
4 I . D  

5n.o 

n . 0  

374 

2550-0 5101 
ZS50.2 

1-19.C 
X-19.CP 

3675.0 *LIZ' 
3655.L) 
3682.0 
368b.O . 
3653.0 
3bblr(l 
3697.0 
3702.0 
3iB5.0 
310b.C 
3668.0 
3663.0 

3693.0 482' 
3689.0 
3682.0 
3678-0 
3686.0 
3683.0 
3689.0 
3691-0 
3691.0 
368R.S 
3690.0 
3692.0 

3333.0 $821 
3333." 
3331.0 
3931." 
333c.o 
3334.0 
1 1 3 A . 0  
333*." 
3331.s 
3323.0 
3423.0 
3323.0 

,103.r 48% 
310Z.D 
3123.0 
3128.0 
3129." 
3126.0 
3125.0 
3136.0 
3133.0 
3133.s 
3125.0 
312Z.O 

3091.0 ' + e q  
3096.0 
31Il.a 
1113.0 
3111.0 
3109.0 
'3101.11 
3116.0 
3119.0 
3119.0 
3112.0 
3114.6 

2nr.o u m  
27in.o. 
2692.0 
Z71*.0 
2114.0 
272l.n 
2710.0 

2715.0 
Zi05.0 
8709.0 
Z712.0 

3725.0 &a29 
2726.0 
2689.0 
2722.0 
L123.0 

2716.0 
2713.0 
2725.0 
2713.0 
2722.0 
PTZL.0 

2787.0 

2r31.0 



25Zl .O 330.0 
300.0 
30L.O 
305.0 
3111.0 
3a1.0 
3"l.Q 
301.0 
341.0 
3"s." 
351.0 
357.0 

152Y.0 1110/?5 312.7 1211.3 5L35 
5/13/75 311.2 1218.8 
P,1?,75 113.7 1210.3 

5,23115 370.' 1151.6 
9/12/75 1ZII.R 1151.2 

1,,,9/71 ?>e.+ 1123.6 
l?,ln,,r a"-, 

Lrl2.0 1/10175 3211.2 1151.8 5139 

1370.0 I O I I 7 I T L  271.3,Ll llZZ.7 5101 

1110175 271.9 1128.1 5135 . ,+,!WE 271.9 1128dI 51113 
5 / 2 3 / 7 5  222.3 1127.7 5135 
510'115 e**-I *LO7 
9/32/75 272.7 1127.3 5L35 

x-19 
X-19.0 
li-l'.OL 

5101 
7'7.2 
717.0 
71e.q 

75'.*. 7103 
715.0 

751.' 
5101 

751.1 51x5 
750.R 
7'6.1 
7m.*, 

ILP.7 5115 
,*9., 
718.0 
7L9.0 

74L.9 510) 
7C3.O 
712.7 
7'2.7 
7L2.U 

7L6.5 5L35 
7'6.1 

726.3 5103 
,86." 

7lb.G 5103 
7LJ.9 
7*5.7 
7'3.7 
T*S.L 

7 U . L  s1a1 
7Lb.2 
T\'.L 
7k1.7. 
7k2.5 

753.0 5135 
192." 

7LS.'. 5103 
7'5.' 

763.7 5L15 
7'3.5 
7'13.2 

5101 
TL1.l 

X-19.03 

9aa.o s in?  
483.0 

1110.9 5 1 V  
l I i i P . *  
1109.9 

1088.2 5135 
1097.'1 
1096.9 

9 i i . o  SL31 
941.1 
v4 .2  

10W.5 513: 
100'..7 
I 0 O L . L  

912.7 511! 
91L.T 
912.7 

9 e l . l  510: 
we. ,  



GRQU* VAT€* ACEMY 
MlFACE W L I -  

e WIWND 
STATE WELL Y SURFACE 

 ATE w'A3En ELEV. IHG 5 56-N 
U 4 IN FEET ~w~~~~ W FEET DATA 

(135,D5c-llJol 5 33 1101.0 8,11ns Nu-1 , C I I T  lNUE0, 9/16/75 Nu-1 

G ~ J N O  WATER m 
SURFACE 

ygi: W FEET DATA 

~ ERCWNO 
STATE WELL $ E SURFACE 

2 ;N FEET 

'LEY*nON DATE TO WATER NUMBER 

&3510SE-21F02 5 31 107Q.O 1/27/75 Z97.9 
'bnW75 2q7.5 
9/17/75 297.4 

D15106F-ZVml 5 33 955.0 1/21,7S 232.8 
5 /15 /75  232.8 
9/18,75 232.8 

I'Y07E-llEOl 5 3, 1100.0 l,P7/75 372.9 
5/29/75 373.7 
9/18/75 373.2 

365.0 

215.0 

203.0 

?17.0 

217.0 

230.0 

219.0 

1sa.o 

55.0 

a7.0 

5R.D 

llPb,15 118.7 
5,PII,?5 173.1 
9/16/71 176.3 

10111/7* 151.c 
3/0&,75 151.1 
6127175 155.3 

1011,,7. 1'6.4 
3/0a179 1'5.8 
6/27,75 118.6 

l l Z L 1 7 5  I%.* 
5 /28 /75  15r.b 
'1,1(./75 155.1 

117'175 131.9 

9/1h/75 135.7 

1121175 115.6 
6 / 0 2 / 7 5  *,*.2 
9/19/15 170.9 

1,21175 '1.0 
5/29/75 L5.9 
'111175 ' 8 . 9  

Pllb175 39.9 
WOr175 62.7 
9/21/15 r6.D 

I O I o ' n i  55.3 
117,175 a9.7 
6/11/75 55.1 

5 m . m  134.8 

5\03 

B R 1 . 9  5135 
EBL.8 
881.2 

858.3 5135 
858.2 
858.2 

*-IO.OL 

790.6 5135 
776." 
790.1 

772.1 5135 
772.5 
712.6 

722.2 5135 
722.2 
722.2 

711.6 
iii .3 5135 

r i i . 6  

690.0 5135 

689.9 

6DL.8 5135 
6OL.L 
601.3 

522.0 5135 
519.s 
519.5 

x-1e.m 

727.1 5135 
726.3 
726.8 

185.5 5135 
LDI.0 
107.9 

1-19.06 

69e.a 

5135 
78,3 

82.4 5135 
88.4 
78.9 
17.8 

8A.3 5135 
79.9 
76.7 

65.6 5135 
65.9 
61.1 

rn.6 513s 
71.2 
68.4 

75.6 5135 
75.4 
74.9 

no.] si35 
n0.2 
79.3 

3r.+ 5135 
31.8 
z9.1 

12.0 5135 
9.1 
6.1 

7.1 5135 
3.1 
I.O 

2.7 513s 
8.3 
z.g 

039/O'E-2O"P1 F 33 910.0 111/07174 515.9 
lllOR17L s36.3 
12,11617rr 537.5 
1,8,/75 53a.3 
Z,Oh/75 531.7 
3,07175 534.9 
4/11/75 530.2 
51119n5 528.3 
6 /06 /75  526.2 
7,18175 526.4 
8/15/75. 526.7 
9,115175 521.6 

AT"." 1111175 2BD.O 
5/09/79 30P.0 
8 / 0 1 / 7 5  302.0 

659.0 1,11175 ZR0.B 
5 /08 /73  283.0 
8,06,75 283.0 

618.0 1123175 219.2 
5/22/75 Z M . 6  
9/19/75 850.1 

141.0 1/24/75 241.11 
5,?3/14. 212.2 
9,19/75 2G6.8 

1-19 
x-1Y.0 
1-19.117 

6'5.0 5135 
6'5." 
611.5 
6LC.5 
6Lb.O 
647.9 
615.0 
660.0 
615.5 
615.0 
6'7.0 
6L6.O 

3 7 L . 1  5135 
373.7 
372.5 

372.3 
375.1 
319.8 

na1.7 
383.Y 
383.6 
383.3 
382.6 

608.7 5135 
C O B 4  
608.3 

359.6 5135 
359.1 
339.0 
357.8 

359.h 
363.2 
365.1 

366.7 
366.7 
366.7 

282.4 5135 
281.5 
281.8 
an.* 
281.1 
2s1.0 

m1.5 

281.5 . 
281.1 
2e1.e 

385.0 5135 
381.0 
386.0 

193.5 5135 
192.8 
191.8. 

187.8 5135 
187.2 
185.1 
185.2 

181.2 5135 
183.0 
182.U 

1W.9 1135 
185.9 
l W . 9  

190." 5L3S 
lbB.0 
168.0 

177.2 5145 
175.0 
175.1 

168.8 5135 
169.* 
167.1 

3 n . r  

357.8 

281.8 

-100.8 5135 
-101.2 
-103.8 

166.0 5135 
165.0 
165.0 

182.2 5135 
172.2 
119.3 
176.5 



33 

33 

31 

33 

436.0 5 /07 /75  PC5.0 
8 / 0 6 / 7 5  2115.0 

410.0 ,13"/15 265.0 
5/27/15 263.5 
9/17/75 2ilL.5 

375.0 10107/7L 216.3 
,,,oa,,* 216.6 
12/I)hllL 217.2 

1/03/75 217.5 
21nc175 217.1 
3,07,,5 218.0 
4/11/75 21R.0 

b ,OL/15  218.6 
7/18/75 218.8 
8 / 0 5 / 7 5  2lP5 
W " W 7 S  219.5 

5 / w 7 5  21n.3 

225.0 
27b.O 
22r.o 

2?0.? 
2W.7 
ZZP.0 

214.2 
??0.7 
271.2 

789.6 
209.9 
70'1.9 

211.7 
219.7 
217.0 

l'L.1 
lRL.5 
1115.5 

175.1 
1'5.7 
177.2 

l"3.Z 
lA3.2 
115.6 
IPb.7 

,S9.' 
"e-6 

,w., 
La'." 
lS6.3 

193.a 

L11.9 
U l - h  

*-,9 
I - I U . "  
1-19.01 

ll,.i) 4115 

116.0 9135 
165.0 
139.0 

170.3 5135 
170.1 
165.0 

,159.0 5135 
,157.R 
,196.2 

1165.1) *I35 
,166.5 
'165.5 

173.1 5135 
172.6 
171.9 
111.1 

L69.3 E115 
$164 .7  
169.L . 167.2 
I%.* 5135 

' 157.6 
156.3 

1'5.6 5135 
LGk.7 
163.2 

153.n 

' 132.6 513s 

lw.9 5115 
LIZ.* 
1'0.4 

1*P.9 9135 

I 198.7 3135 . I5R.L 
* 157.8 
I 157.5 . 157.3 
157.0 
157.0 
156.7 5040 
156.6 +I35 

; 156.2 1 156.5 5U50 
195.5 5135 

168.0 s135 
167." 
Ib6.0 

137.0 4131 
136.3 
135.0 

136.8 511s 
I 135.3 

136.8 , *311.* GI39 
138.1 
138.1 

132.3 SI)! 
131.3 
130.0 

1ZP.9 'L31 
12n.5 
121.5 

126.3 %I>! 
126.8 
12L* t 1Z3.3 

I 111.7 513: 
1'L.P 
lL2.7 

?e pope 79 lor  hey tu t e r n  8 abbreviations . 
.21k 

157." 

302." 

2ba.n 

262-0 

262.0 

X"." 

2ST." 

23a.O 

247.0 

24n.n 

219.0 

205.0 

165.0 

175.0 

166." 

179." 

160.0 

1s1.n 

168." 

69.6 

7T.3" 

71.3 

5RI.D 

21r.o 

25n.a 

?A"." 

x-19 
x-19-0 
1-19.01 

15".5 5115 
1511.0 
151.7 

133.2 5117 
131.11 
193-0 

106.2 5131 
1115.5 
1(13.? 

4*.1 5,35 
91.6 
9 Z . L  

93.0 5131 
43.q 
89.3 

99." 513' 
98.3 
91.7 

99.3 
89.1 

100-6 513. 
lD1.h 
100.2 

98.1 

9a.n 

47.8 513, 
97.5 
96.1 
95.2 

9,.* 513' 
91 .i 
BR.9 
a7.4 

102.7 513' 
98.2 
96.7 

85.5 513 
86.1 
82.2 

56.0 113 

* I . ,  

66.7 513 
61.7 

63.a 511 
58.0 
55.Q 

79." 513 
T'." 
7 0 . 4  

51.9 513 

s . 5  513 

42.1 515 
90.6 
9 t . d  

-9.2 912 
-12.0 
-15.5 

10.8 51: 
11.5 

6." 
6.' 

10,9 5 , :  

7'L.L 5,: 
279.5 
22q.<, 

81.4 51, 
Be.? 
82." 

93.5 51 

90." 

90.- 5 ,  

89.Z 



TABLE C- l  

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

GROUNI) 
5URFACE 

To W~TER 
SURF~CE 

5RWIIO CROUNo WATER WIICY G R W N l l  KEWc 
STATE WELL SURFACE SUilFACE SORFACE SUPPLY. STATE WELL SURFACE SURFACE 8UFUl 5 L1 5 ELEVATION ELEV. ING . OATE 

" 4 W FEET IN FEET OAT4 Y .. !N FEET U T A  
NUMBER 

~ 

FEET !N FEET 

&-IC2 

X-LQ.0 
%-,1).07 

87.1 5135 
82.5 

86.3 
a*., 
81.5 5135 
81." 
83.5 

86.1 5135 
85.6 
P I . ,  

97.9 5135 
93." 
90.7 

92.7 $13; 
91.1 
89.3 

92.5 5135 
B1.0 
79.1 

97.1 5135 
96.5 
95.5 

m . 1  5135 

e8.2 51% 

80.1 
77.0 

107.6 5155 
101.5 

80.0 5135 
17.9 
76.0 

B2.b 
90.8 

77.7 5\35 
78.2 
76.4 

70.3 '5135 
7n.2 
67.1 

66.1 5135 
62.4 

BL.0  5135 
82.5 

78.8 

18.8 513s 
80.2 
76.5 
76 :2  

*I.R 5135 
12.0 
L2.5 

62.1 5135 
63.3 
01.0 

69.Z e135 
10 .7  
67.1 

71.4 5135 
68.8 
66.9 

65-8 5125 
66.5 
63.6 
63.1 

67.9 9135 
69.0 
68.0 
65.2 

09.3 5115 
II8.T 
67.0 

~ 5 . 3  5135 

81.2 

2.5.' si35 
30.9 
%,.I 

If,"." ,D,0*,,1l 135.1 

179.0 2 / 8 5 / 7 5  126.9 
6 1 9 3 n 5  12v.I 
9 / 2 2 / 7 5  131.1 

L'l8.V lD/D0,7' l*b.R 
2128119 115.6 
5/16/75 148.0 
6/17,,'. 119.8 . 

21l.n LDI@I1/7& !61.9 
2128/75 160.7 
6/17/75 162.L 

X-lg 
i-19.0 
x-n.07 

ZL.9 SL3* 

33.0 5135 
35.5 
33.7 

66.5 5115 
$7.7 
'5.7 
4r.e 

' 9 . 3  5115 
50.9 
b8.5 
L5.D 

52.1 9135 
19.9 
b7.9 

51.2 5135 
52.' 
50.0 
1A.2 

-51.0 5135 
51.5 
50.2 

50.0 ,5135 
50.1 
50.5 
49.5 

h9.0 513i 
51.6 
51.2 
59.2 

*9." 5135 
5Z.A 
AL.1 
' 9 . 0  

' 0 - 7  513: 
38.2 
37.3 

50.3 
LB-b 

47.1 513: 
49.b 
' 6 . 8  
45.7 

53-6 513: 
55.1 
53-1 
52.3 

30.6 513: 

kP.1 5 1 3  

49.1 513: 
46.2 
38.5 

'6.7 513' 
'9.6 
L6.L 
$6.1 

e.? 5131 
9.9 
6.L 
5.1 

6.7 513' 
6.1 
3.0 

65.1 513' 
L5.5 
W.5 

55.3 913' 
57.1 
56.2 
41.1 

SI." 5,I' 
52.6 
bl.+ 
50.2 

51.3 5115 
51.6 
53." 



TABLE C - l  

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

262.0 6/16/75 210.1 

110.0' 9/01/75 1'5.2 
6 , 0 V 7 5  Z V . 0  
9/22/75 zc0.2 

n7.0 ,O,on7L 29'0.8 
2/71/75 2R9.0 
W16,75 290.5 

W0.8 10/0'17. 2'3.6 
2,21175 291.2 
6/ lW75 291.6 
7/,",75 296.3 

irOS.0 lO,OSI7C 356." 
2/21/75 153-5 
5/24/75 355.8 
6/16/75 356.6 

'155.0 2,05175 403.1 
6/01/75 ~ 4 . 0  
9/22175 408.3 

50.0 6/05/71 . 50.7 
60.0 2,14175 58.6 

6/05/75 61.6 
9/23/75 LI.1 

102.0 1010L175 RL.6 
2/23/75 RZ.8 
6/11/75 R5.8 

103.8 6,10175 R*.8 

LOO.0 P/06,75 l"7.4 
6/10/75 109.8 
9/Ph175 111.1 

50.0 10/01/1L *".E 
2/01/71 55.0 
6105/78 61.0 
9/23/73 61.2 

29.0 2/11/75 61.0 
6,1",15 b6.5 
9/23/75 Ab.6 

11.0 8/10/75 15.R 
€.,P1,75 ,1.9 
9/25/75 11.6 

-12.0 2llb175 15.9 
6/10175 . 72.8 
9/25/75 19.8 

5-0 211',15 so., 
6 / 1 " / 1 5  P l . 2  
9,75/75 7"5 

5.5 2,1',75 26.9 
6lln175 3D.h 
9/2',75 Z?., 

X719 

i-19.07 
i-19.0 

51.6 5135 

58.7 5135 
56.7 
55.1 

54.8 5135 
5,.0 
'm.8 

46.2 5135 
48.6 
tC.5 

+e.' 5135 
W . 8  
110." 
43.7 

64.0 5135 
51.5 
119.2 
41.6 

42.2 9135 
45.2 

12.1 5135 

42.8 

51.9 5135 
51.0 . 
46.7 

-0.7 5135 

.l.Q 5135 
-1.6 
-*.I 

16.7 5115 

15.1. 5135 
8.9 

,z+* 
17.4 5135 
19.2 
16.2 

1.9.z 9135 

-7.1 5135 
-9.8 
-11.1 

'6.7 5135 

,5.7 

B.2 
6.6 

:7.0 511s 

-10.8 5135 
-5.1) 

-11.0 
-11.z 

!2.3 5135 
-0.9 
79.6 

-5.9 5135 
-9.6 

-t6.6 

-1*.0 5135 
-17.4 
-15.6 

-28.3 913s 
-27.0 
-3(r.3 

-'.B 5135 
-0.9 
-0.6 

-27.5 5135 
-,*.e 
-31.8 

-15.7 5115 
-22.7 
-19.5 
I 

-21.' 5135 
-25.1 
- I C . ?  

I 

fl55/07E-18001 Z 33 

30." 

33." 

12%" 

120.0 

+o.s 

5.0 

lb-5 

13.5 

20.a 

L3.0 

75.0 

79." 

7h.0 

63.0 

40.5 

60." 

-21.8 

-32.0 

-35.0 

30.0 

20.0 

25.11 

w . 0  

2R.B 

5n.o 

-57." 

li.2 
66.7 

NM-8 

'1.7 
L0.3 
$1.5 
e+.* 

111.5 
115.8 
117.0 

119.3 
117.8 
118.7 

6L.O 
$7.6 
19.0 

48.0 

'2.7 

36.2 
30.0 
38.3 

50.0 
58.C 
58.7 

61.3 
61.5 
63.0 

80.3  

8b.5 

80.2 
17.2 
78.6 

80.5 

7E.8 

72.0 
72.2 

66.7 

64.8 
71.7 
13.0  

18.9 
22.6 
22.P 

12.7 
13.R 
13.4 

12.1 
12.9 
13.5 

67.1 
71.3 
73.0 

65.0 
63.L 
66.0 

67.9 
74.2 

""-a 

77.3 

65.0 

r5.5 

67.1 
60.1 
60.1 

46.3 
58.6 
55.7 

20.5 

25.7 
28.2 
27.r 

24.5 

e.9 
IO.' 

X-19 
11-19.0 
i-19.0, 

-14.2 5 ~ s  
-16.1 

4 . 7  5135 
-7.3 
-8.5 
-11.0 

9.2 
8.D 

0.7 5135 
2.2 
1.3 

10.5 5135 

-4.0 5115 
-7.6 
-9.0 

-43.0 5135 

-2b.2 5135 

-22.7 5131 
-z4.s 
-24.8 

-30.0 5135 
-38.'. 
-38.7 

-20.3 9135 
-18.5 
-20.0 

-5.3 5134 

-9.5 

-+.Z 5135 
-1.2 
-2.6 

4.5 5135 
-1.3 
-2.8. 

-22.0 5135 
-29.0 
-29.2 

-26.2 5135 

-26.8 5135 
-31.7 
-23.0 

-35.9 513.5 
-63.6 
-43.2 

-44.7 5135 
-15.0 
-'5_9 

rb6.l 5135 
-56.4 
-*7.5 

-3r-t 5135 
-61.3 
-43.0 

4 5 . 0  5135 
-63.c 
-66.0 

d.7.') 5135 
-54.2 
-55.5 

-+7.1 5135 
-eo., 
-602 

-28.3 5L39 
-,,.s 
-30.7 

19.5 5135 

2.3 5135 
-0.2 
0.6 

25.5 5135 

4 0 . 9  5135 
4 2 . 6  



TABLE C-l  

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

6 0 . 0  

25.0 

50.0 

55.0 

910.0 

'75.0 

-*5.5 

-50.0 

-11.2 

32.0 

a5.0 

50.0 

31.0 

9.5 

-15.0 

-*5.0 

-56.0 

-5 .0  

-'2.D 

-52.0 

-55.0 

9.0 

11.0 

-69.9 

-15.1) 

-80.5 

4 P . i  

-62.5 

6.3 
P.5 
7.8 

11".0 
I'll.2 
109.0 

711.5 
76.5 
79.1 

82.0 
RZ.0 
93.6 

171.0 
171.0 
1Z2.5 

221.5 
216.3 
219.7 

15.5 
26.0 

6.n 
7.6 

ZP.5 
23.O 

61.0 
69.4 

73.3 
57.3 
77.2 

72.0 
72.1 
73.7 

'i5.5 
57.2 
57.2 

33.6 
33.7 
11.5 

15.' 
14.6 
12.9 

R.3 
8.9 

9.* 

rr8.9 
50.1 
50.8  

10.8 
10.9 
13.0 

17.0 
72.0 
21.5 

15.4 
?0.1 
19.6 

I?.' 
S7.2 
P8.l 

1ll.r) 

5.3 
13.0 
I".b 

6.4 
7.5 
8.8 

6.5 
9.7 
8.n 

6.3 
0.c 
9.3 
8.1 

7.8 

x-L9 
1-19.0 
1-19.07 

57.7 5135 
51.5 
52.2 

-99.0 513s 
-110.2 

4 6 . 0  

-26.9 C.135 
-zh.5 
-29.3 

-21.0 5135 
-21 .0  
-28.6 

-31.0 5135 
-11.0 
-32.5 

7+7.5 5135 
758.7 
755.3 

-61.0 5135 
-71.5 

-56.8 5135 
-57.6 

-13.7 5135 
-3L.z 

-29.0. 5135 
-37.1 

-28.3 5135 
-42.3 
-3E.2 

-z2.0 5135 
-2Z.l 
-z3.7 

-24.5 5135 
-26.2 
.-z6.2 

-24.1 s135 
-z*.z 
-22.0 

-3o.L 5135 
-29.6 
-21.9 

-53.3 5135 
-53.9 

4 5 . 6  SI35 

-53.9 5135 
-55.1 
-55.6 

-52.9 
-55.0 

-69.0 5135 
-74.0 
-73.5 

-70.6 5135 
-15.1 
-74.6 

4 0 . 4  5132 
-88.2 
-19.1 

-52.n 51% 

-103.8 5135 

-7l1.R 5115 
-*2.9 

-111.4 5135 
-82.6 
43.8 

4 7 . 0  c.135 
-90-2 
-89.3 

-88.5 5135 
-82.6 
-9,.5 
-90.3 

-70.3 5135 

-eo.! 

e D a w  79 for key lo 1ems a abbreviolbna 
-217- 

-62.5 

-PII.o 

-102.". 

-9g.o 

-109.5 

-8910 

4 3 . 0  

-105.II 

-120.0 

-12x.o 

-1ir0.0 

-13G.n 

-1li5.5 

-99.5 

- , w . o  

-166.0 

--Is,.* 

-155." 

-3H." 

-51.0 

2%-" 

-100." 

24.0 

-117." 

-,04.0 

-77." 

-161.0 

5/ZLI75 9.2 
'1,25,7'. q,, 

2,07175 -7.6 
5,21175 1.0 
9,00175 -3.3 

2/07/15 -9.1 
5/21/77 -1.1 
9125/,5 -A., 

2107f79 -1.5 
5,21/75 0.1 
9/65/79 -6.3 

2/07/7' -1.3 
5/21/75 -1.9 
9 /25 /75  -6.6 

2/07/75 -16.e 
5,21,7- -12.1 
9/L5/75 -11.6 

2,01119 1.5 
5/21/75 7.6 

210117s -29.1 
5/21/75 -2?.& 
9,25/75 -23.p 

Z,16,15 -12.2 
0113J7.9 -3.0 

2 /16 /15  -13.0 
5,21171. -5.5 
9 /26 /75  -5.8 

2,11175 P.-7 
5/22/75 10.0 
9/76/73 10.5 

W l 6 r l S  -2*.9 
5/21/75 -20.6 

811W75 46.2 
5/22/75 -7.3 
9/26/75 -11.6 

2/18/79 9.* 
5,21/75 &I*-9 
9/26/75 17.1 

211w15 4 7 . 9  
5/21/77 -67.9 
9/25/75 -bo.* 

5 /27 /75  -12.1 

5/27/75 -7.7 

P/14/'15 -19.7 
5/22/75 -15.3 
9/26/75 -13.8 

2II4/75 125.7 
5 /22 /73  127.9 
9 1 2 C l 7 7  173.0 

2/14I75 62.L 
5,1217' 61.9 
9/26/75 58.0 

P,IL/,S 1711.8 
5 /22 /75  119.3 
9/26174 192.3 

211'119 59.3 
5 i Z P I I c I  70.6 
9/26/19 7l.h 

2/lL1115 IRL.0 
5/22/75 189.8 
9/26,7c. IP5 .R  

P,OL175 -8.1 

9 / 2 5 m  7.1 

IOIOIIT' - i . Z  

4,2517) -15-9 

w m m  -C.T 
9,21/15 , -3.5 

2101117- -6.6 
5,20175 -3.5 
P/26,75 -5.6 

2 /06 /15  18.1 
5/211/75 17.8 
9 /22 /15  17.L 

2/06/24 -18.1 
5,2"ll'i -29.7 
9/29/75 -,a., 

x-19 
i-19.0 
X - l ' I . D I  

-71.7 5135 
-72.2 

-90.6 5135 
-99.11 
-w., 

-9Z.T' 51% 
-100.9 
-97.9 

-91.5 5139 
-99.1 
+*.7 

-1a8.2 5135 
-1D7.L 
-102.9 

-6g.o 5131 
-72.9 
-73.6 

-58.5 513: 
-91.6. 
+'.E 

-75.9 513: 
-17.6 
-81." 

-115.1 SL31 
- , a l a  
-117.0. 

I'b1.O 5135 
-1F2.2 
.-122.2 

-1'8.7 511: 
.-150.0 
-15o.s 

-110.1 I l l  
-114.' 
-119.1 

-129.3 513: 
.-1,8.2 
-133.9 

-109.1 Sl3i 

-116.6 ' 

-77.1 513: 
-97.1 
-9P.L 

-131.9 513: 

-L1S.1 51% 

-135.3 513: 
-139.7 
-161.2 

-16k.T 511: 
-165.9 
-171.0 

-111.1 513. 
-112.9 
-109.0 

-,5e.'1 513i 
-159.3 
--I72.3 

-159.3 513? 
-170.6 
-171.0 

-154.0 513! 
-16'.0 
-110.8 

-103.9 5 1 3  
-107.3 
-10e.5 

-100.6 5 1 1  
- -LO,. ,  
-1oo.* 

-90.1 5131 
-89.11 
-m.* 

- * I B . 9  513: 
-131.1 
-162.9 



-- 

I. 

.; 

TABLE C - l  
GROUND WATER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

-159.5 

-9ll.o 

-92.0 

-1'7.0 

-115.0 

-79.c 

-78.0 

-7i.r 

-7*.0 

-20.0 

-22.0 

-12*.0 

-180.5 

-171.0 

-16.5 

21 .e 

75.11 

-92.3 

-86.7 

-161.1 

31.0 

-42.0 

-65.P 

-152.5 

-188.0 

-1m.o 

--IOl.O 

-186.0 

-i95..0 

-173.0 

-140.3 4135 
-1W.1 
'1 '3~5 

-121.3 5135 
-122.1 
-1Z2.6 

-123.3 4115 

-119.0 5135 
- 1 2 8 2  
-124.1 

-1PO.L 5115 
7121.1 
-121.'. 

-120.3 -,35 
-121.2 
-121.6 

-120.2 5135 
' ILR.7 
-120.0 

-11*.1 5135 
-1lH.4 
-119.1 

-117.5 5135 

-125.7 5135 
-128.6 
-126.9 

f l l l . 0  5135 
-118.7 
-122.5 

-139.6 5135 
-203.2 
-1I3.7 

-163.6 513s 
-167.5 
-170.1 

-168.3 GI35 

-178.5 5135 
-129.1 
-130.9 

-131.0 8 
-133.1 5135 
-12m.1 
-105.9 

-133.7 5135 
-133.8 
-133.8 

' 5135 

-138.4 5135 

-136.5 5135 
-137.6 
-13R.a 

-168.3 9135 
- 1 l l . a  

-171.0 5135 
-176.5 

5115 

-184.3 5135 
-171.7 

-173.1 5135 
-176.9 

-197.8 5135 

-115.3 5135 
-143.9 

-1ns.o 5x35 
:la'.* 

- 1 n 3 . ~  
-193.0 5135 

-189.5 
-185.0 

-191., 5,,s 
L19L.8 

. .  
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.a@- 

x-l, 
X-19.D 
1-19.01 

-2~a.7 sj3 
-?Po., 
-19s.5 

-1so.p 51, 
-179.8 

-1m.0 513 
-178.2 

-10.2 51, 
-18.5 

-1*2.a 913 
-1311.1 
-138.8 
-1w.5 

-116.9 513 
-133.3 
-135.0 

-158.9 513 
-153.1 
-151.4 

-163.5 713 
-161.1 
-161.9 

-163.0 513 

-166.6 513 
-166.6 
-165.1 

-160.5 513 

-158.5 

-168.8 513 
-167.8 
-168.8 

-184.8 519 
-136.5 
-1m.2 

-1511.5 

-17r.n 513, 
-1W.5 

-172.3 51? 
'173.8 
-173.7 

-174.1 513' 
-173.6 
-167.1 

r?i 

4 
f 
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' TABLE C-l  
GROUND WATER LEVELS AT WELLS 

76.2 8 /29 /15  00.7 

94.0 IOI2c./7L l j8 .6  
12,3",1* LO'." 

310'175 e5.a 
5/01/73 R2.9 
6/26/75 115.5 
P10',75 I,*.& 

'71.5 1(1125/71 23.6 
12/30/7* 73.2 
3/01/75 10.7 
5/01/75 22.9 
6126175 32.9 
9/01/75 23.; 

53.7 ,0 ,25 /1& z*.z 

.3,"",75 ?*.* 

4/01/75 f6 .6 

1W3R17* 25.3 

5/01/75 26.8 
6/76/75 74.8 

158.0 10,25174 89.9 
12/30/7' 79.9 
3,"'175 ,'I.* 
5/01/75 71.5 
b176175 88.8111 
9/"1,75 w-4 

' - 0 ,  
.-o*.* 

-1lt.5 5102 

-2I .b  5109 
- 1 5 . ~  

a B.2 
11.1 

-21.5 

y . n 1  

:EO." 

50.Y ?LO2 
51.3 
'-3.8 
.s2. L 
*,.e 
51.'. 

.-5.2 A704 
3 1 . 8  

'2L7 6709 
:38.7 

23.1 9102 
26.2 h709 
2*.3 5102 
41.0 

'22.0 

5102 
bU.9 1 7 0 9  
'3.3 5102 
hb.7 
68.7 

59.6 

21.5 4102 
'28.5 
29.1 
28.9 
28.9 
27.1 

, 5102 

'.I a701 
3.L 

'-9.3 5102 
-1.2 

712.5 
.-1.9 
-&.a 

7.0 510? 

4Q.5 5102 

6G.5 

' a .9  6 7 0 ~  

14.7 1709 
26.7 

5102 

55.2 5L02 
5n.7 
'79.1 
'7b.9 
'e3.5 
,56.0 

'71.1 5102 
82.5 
88.4.  
90.3 

'10.2 

68.1 5102 
'7R.L 
83.8 
86.5 
69.2 

ai.8 

123.2 12/3017L 122.1 
1,30775 122.9 
2/22/75 122.7 
3/27/?5 IIP.P 
4/?9,,5 123.9 
5/27/75 126.9 
6/26/75 131.1 
7/29/75 1%.5 
8/Z9/75 139.9 

71.2 1012317L. 61.0 
1/09/75 57.6 
3,111,- 57.8 
S/OS,P5 57 .1  
7/03/75 59.0 
8/21/74 61.1 

Sh.? 1 0 / 2 3 / 7 r  75.1 
110Pll5 73.7 
3/11,75 72.6 
5/051,5 71.7 
7108175 77.6 
8,27,75 NM-9 

lO?.o lO l3Q17r  108.8 
1 1 / 2 7 / 1 4  110.5 
1 2 1 3 0 n r  101.5 

1 N W F  102.9 
2/27,,, 1115.0 
3 /27 /75  93.8 
C/29/75 103.5 
5/27/75 107.9 
6126/75 115.3 
712W75 117.1 
8/2g/75 115.1 

79.0 10/23/7rr 65-0 
I,09/,5 60.5 
3*IL17', 60.7 
5 / 0 5 / 7 5  61.1 
7,08175 6 L 9  
8,27175 65.0 

56.A La/?o,lr 55.1 
11/?7/71 55.0 
IZ13W7' 51.3 

1/30115 51.2 
2 / 2 7 / 1 5  50.9 
3/27/15 40.5 
4/29/75 50.9 
5/27/75 53-3 
L-/26,,5 59.1 
712'4115 56.6 
R/24/7c SR.0 

1.1 5102 
0.3 
0.5 
3.' 

-0.7 
-3.7 
-8.1 

-11.3 
-12.7 

20.' 5102 
20.T 
25.1 
85.1 
85.0 
Z'r.0 

4.9 S I C ~  
-10.1 

-0.6 
-2.3 
-2.1 

1.4 
-2., 
-7.9 

-la.* 
-1b.3 
-I?. ,  

6.5 510P 
5.2 
7.1 
7.7 
6.3 
6.1 

13.2 5101 
16.b 
16.* 
16.5 
15.2 
13.1 

21.1 5102 
22.5 
23.6 
21.5 
18.b 

13.9 51oz 
16.9 
16.2 
18.6 
*,.6 

11-0 510a 
16.0 
8.I  

11.3 
16.2 

-5.8 5102 
-1.5 

1.5 
a.1 

-2.0 
3.F 

-0.5 
4.9 

-12.3 
-,*.I 
-12.1 

1*.0 5102 
1e.5 
18.7. 
17.7 
16.1 
IL.0 

1.3 5102 
1.4 
5.1 
5.2 
5.5 
6.9 
5.5 
3.1 
1.3 

-0.2 
-1.6 

-5.9 5102 
4.0 
5.0 

5102 

-22% 
B page.79 for key to ferns e abbrevialion, , , 



1-01 
1-01.1 
1 4 , . A I  

510; 
-14.7 
+E.R 

-13.1, 5102 
-1ll.0 
-10.7 

6.2 510E 
8.9 

11.0 
12.1 

8.3 
6.n 

-9.3 5102 
-8.1 

-15.2 
-9.6 

-13.8 

-17.8 5102 
-11.3 

-8.1 
-9.9 

-18.0 

4 6 . 9  5102 

-21.2 
10.e 

57.h &7b? 
67.4 

7s.q &709 
88.9 I 

86.1 5102 
91.L 
96.1 
9S.6 . 

6O.L SlOi 
SI.* 
90.9 

86.2 510; 
93.5 

100.7 

75.5 510: 
Pl.5. 
a,-, 

L.59.6 510, 

62.4 * I D ,  

'A.7 &70( 
b'.l 

15.3 510 
3*.8 ' 7 0 '  
45.7 510, **.* 
56.4. 
33-1 
"3." 

78.8 

1.3 r10 
7.1 

510 
6.R 
9.8 
e.* 

8.P 
15.0 

-3.- 510 
9.0 

11.2 
5.9 

l'." ,,n7/15 tUk-1. 
3/13/75 28.7 
5 / 0 2 / 7 5  29.8 
,,R1,79 NX-1 
B/?i/77 NR-l 

35." 10,Z~,,' LA.4 
1/07/77 65.0 
3115175 5 /02 /19  NH-1 1.5.7 

7/"7,,9 NW-1 

25." I0/2Z/T' 1R.8 
1 / 0 7 / 7 5  16.1 
311,179 11.0 
5 / 0 7 / 7 5  12.7 
7 /07 /75  16.7 
81P6175 20.2 

*7.0 110,n.i 56.9 
2/13/75 54.7 
1/01/75 h2.B 
7,07,79 57.Z 
8/26/75 61.4 

36.0 1012217L 53.8 
1101t75 61.1 
3/13/75 '11.1 
3 / 0 2 / 7 5  G5.9 
7,0,,7c 56.0 

r2.2 5.3 5102 
a2.2 5.3 
'3.9 3.6 

"-7 
NY-Z 

42.3 -z.3 5102 
36.9 3.5 
31.1 3.9 
,*.I 1.9 
11.7 -1.7 
4L.1 +.I  

41.7 16.7 5102 
'2.8 111.6 
'1.8 1Q.6 
bL.1 19.7 
b8.1 , 13.1 

59.6 -15.1 5102 
Lb.3 -15.8 
5 6 . 0  -11.9 
55.8 -11.3 
qa.5 -l'.o 
60.5  -16.0 

10 

"W.1 
NU-I 

$4"-7 51"; 

N"-e 
'?.& 3.Q 

'6.3 -1.3 
'9.8 -,..a 

w-* 

29.7 -9.7 5102 

31.6 1 0 ' 1 7 5  
3 , 1 L , T S  
5 / 0 5 / 1 5  
710w15 
8 / 2 7 / 7 5  

32:7 ,0,21/?' 
1/04/15 
3/,'/75 
5 m v 7 5  
7,DY/15 
8 , 7 7 I 7  5 

32.0 1 0 / 2 0 1 1 4  
1 / 0 1 / 7 5  
3111175 
5,01175 
8 /26 /75  

78.3 -0;r 510; 
37." 0.2 
36.6 1.0 
38.5 -0.9 
39.3 -1.7 

203.0 10/25/7r 116.9 
12/30/7& 111.9 
3,01114 108.9 
5/01/75 ID7.L 
6/26,,4 NY-2 
9,01,,+ NH-2 *3.6 -1o.q 510; 

n1.3 -8.6 
36.2 -3.5 
95.2 -2.5 
'7.3 -14.6 
16.5 -13.0. 

51.6131 -25.6 510: 
'1.8 -9.0 
'1.9 -9.4 
r2.1 -10.1 
51.3 -25.3 

51n 

-22.2 
-24.3 

51" 

-2r .2  

-'?. 1 

-11.6 
-0.7 

-16.9 

-28.1- 

5.1 
7.0 
4.9 

51" 

-2h.n 

4 . 0  510 

4 L . L  + , E  
-10 .9  
-'.I 
-8." 
-1L.S 

-10.2 9,ll 
-13.3 
-13.0 
-13.5 
-2h.2 
-29.2 

-75.7 - I <  

n9o.n IWILJ7L 2II.6 

1'l.i ll/lW,' AI)." 
3,11175,' 63.Q 

101.7  !l/L?/7' 57.0 
.3/17/7'i 37.6 

,'..o ,",?*/,' 29.7 



' TABLE t-i 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORMA 

I Y-0, 
1-01.1 
1 - 0 1 . P ,  

896.1 
298.7 
298.5 

300-6 511 
303.0 
306.2 
3 0  1.1 

310.2 511 
311.2 
311.6 
311.6 

298.4 

511 
3M.2 
3OL.6 
mc.9 

3C7.8 SI< 

370.5 

29C.6 411 
295.1 
-5.1 
295.0 
296.0 
296.6 

341.7 1171 

349-'1 51, 

3u.9 
348.6 

357.9 511 
359.2 
358.5 
358.1 
357.9 
358.6 

350.2 51, 

391.8 
352.6 
393.0 
153.1 

365.5 51( 
363.V 
168.1 

369.1 
370.5 

2e5.1 911 
285.1 
281.9 
265.1 
284.2 
28%.1 

27*.2 511 
27*.s 
261.1 
211.3 
26S.9 
266.6 

P 0 1 . B  
"-01.8, 

897.- ' 7 ,  
900.6  
901.6 
9P8.6 

367.8 

146.0 12/1"/7U L 9 . U  , 96.6 5102 
1/01/75 '7.0 94.0 
5,01,75 '3.1 1B2.Y  
6/26/19 ! 17.3 ' 90.7 
9/"'/7S N*-7 

20.0 1/09/75 NY-2 5x02 
3/11/75 U*-2 
5 / 0 5 / 1 5  5.7 11.3 

..z 51bP 

6.7 

5102 

-8.3 5102 
0.7 
1.8 

387.0 10,2,/7L NY-1 
llO9/?5 P0.B 
2/28/75 22.6 
5,06/15 22.1 
8/25/79 NU-L 

-17.8 5102 
'16.5 
-9.8 

-,1.2 

20.0 101Z3114 W-I' 
,/0Q,73 28.2 
311'/15 3." 
5,05175 MY-, 
7/09/75 ,i.s 
8,27175 w-I 

5102 
-9.2 
-8." 

-15.5 

-102 

1.L 5102 

0 51.0 10171/7* Nu-? 

11.' 10,23,71 1n.0 

14.0 10123174 I7.S ' 1.6 ZLOP 
I,O*il75 15.7 , 3.3 
311'178 15.3 3.7 
5 , 0 5 1 7 5 .  Nu-? 

LOO.0 IO,L>,7L- 34.5 
1,04/,5 36.1 
2/25/75 31.7 
5/06 /75  32.2 
b,2",15 30-q 
0 1 2 5 n 5  29.5 035/08Y-16NlZ 5 3s 3Bl.i) 10IP1II'' 11.6 

1/09/75 13.7 

5 /06 /75  19.9 
6,74/7S NU-I 

2121117s 1 6 s  

8/75/15 NY-I 

373.* 5102 
373.3 
370.5 
3TI.I  

325.8 5102 
326.4 
327.7 
327.1 
325.9 
127.5 

3W.b 6715 

736.0 HU-I 5102 
11.7 326.3 
11.1 322.3 
13.9 1221.1 
15.3 320.7 
13.1 I 322.9 



1 ,  

I ,  I '  

TABLE C-i. 
GROUND WATER LEVELS 'AT WELLS 

SOUTHERN &LFORNlA 

1610.0 301.1) 1311.0 L 7 l S  
206.0 1322.0 
m 5 . e  1323.0 
310.11 l 3 l a . 0  
289;0 1329.0 
219.8 1379.0 
247.0 1326.0 
3113.0 1315.0 
'02.0111 1216.0 
3RP.011> 1236.0 

c page 79 for hey lo t e r n  a ahbreviationi 
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4 TABLE C - l  

GROUND WATER LEVELS AT WELLS 

1092.3  5RL.9 
LR9.3 
' 8 Z . 6  
'PI.3 
'1115.3 

4S6.3 
519.511I 

U p . 3  

607.4 ','e 
603.0 
609.7 
608.0 
607.0 
606.0 
606.0 
972.8 

1610.9 5/01/75 321.9 I I B . 0  1101 
h,ll/74 320.5 12o.b 
7/09/75 32G.8 716.1 
8/17/75 320.8 7IL.L 
9/11/75 327.7 713.2 

1053.0 

1856.0 

1020.0 

958.0 

937.0 

907.0 

962.0 

921-h 

930.' 

801.0 

,512." 

1952.0 

1396.7 

1300 .0  

lIl2.7 4ae.Z 
A85.b 
$87.2 
536.2 
*9L.2 
50b.7 
$46.2 
486.6 
LB(I.2 
W5.*  

1 2 0 1  

. a i ~ . e  
873.2 

1799.2 
, 7 9 9 2  
(797.2 
183.2 

t 7 a ~ . 2  
791.2 
781.2 
783.2 

,776.2 

8 W . P  

9'14.1<51 
5'5,4151 
S46.5151 
94*.515, 
511.5151 
5'7.515) 
575.111> 
552.5,61 
579.5111 
577.5111 

552.9 
655.5 
554.5 
556.5 
557.5 
S53.5 
425.1 
548.5 
521.5 
521.5 

lOhZ.0 507.' 
696.0 
SL4.0 
651.0 
611.0 

~S15.D 
51Z.D 
$12.0 
511.0 
509.0 
503.0 

1137.6 759.8 
7 l Q . R  
7W.H 
7 L J . R  
7L,.R 
750." 
763.B 

b 1'19.8 
783.8 

, 715.8 
TBO.8 

8 a . n  u17.0 

-225. iee page 79 far hey to l e m  a nbbrevioticns , 



TABLE q-I 
GROUND WATER LEVELS AT WELLS 

SOUTHERN CCLlFORNlA 

1/01/75 
2101175 
3/01/75 
b101/75 
5 /15 /15  
6,01115 
7,01*75 
8,011715 
P,D,,75 

GV5.4 
S33.6 
525.3 
535.7 
517.6 
518.6 
501.2 
469.G 
663.1 

l l D 1  

o,s/"(i"-2BNO7 F 14 

015/08W-ZBGOI 5 19 913.4 
522.6 
51h.8 
521.5 
521.2 
499.5 
538.8 
5zi.9 
527.Z 
491.6 
682.2 
A7l.b 

1 1 4 1  

903.0 5 0 1 . G  
578.2 
522.4 
527.0 
533.9 
518.9 
566.6 
537.8 
537.b 
523.5 
515.5 
4".L 

,101 

Rb8.O 196.0 
51'.5 
508.7 
513.3 
5m.2 
519.1 
532.9 
G99.11 
5119." 
A93.7 
685.6 
'.eo.* 

,101 

870.1 901.0 
516.1 
510.3 
516.1 
523.0  
521.8 
537.2 
510.3 
513.7 
5Ah.0 
L76.b 
46,P.P 

1101 

. - ?  



, TABLE C-l 

GROUND WATER LEVELS AT WELLS 

816.3 2W.l 
298.3 
2SZ.R 
3m.616, 
2W.C 
2Pb.6 
293.1 
2P6.9 
291.8 
2-3.9 
29a.s 
207.6 

526.0 1101 
510.0 
533.5 
*RO.5 
531.5 
531.7 
533.2 
511.L . 
521.5 
5 2 a . L  
,917.7 
5111.7 

797.6 ,718 
757.5 

719.0 37,s  
7'7.5 

7'1. I 
1 711.6 3118 

1718 

663.1 12/3017r. 91.3 
5/13/79 84.6 

6iiir-o I O n l n ~  Ne-1 
3/26/75 41.7 

74%" 12/12/71 *3.h 
5/05/79 41.7 

686.n IO/ZlI?L 73.2 
12/23/71 55.2 
4/01/75 52.1 
5/881?5 53.6 

"-01 
I-0I-R 
1-01.8, 

73.2 ,,I 
733.9 

737.2 311 
737.0 

733.1 171 
136.0 

742.1 3'1 
7'1 -9 

729.5 5 7 ,  
729.0 

730.2 371 
730.2 

703.1 371 
702.1 

709.9 311 
710.0 

716.J 37, 
716.3 

697.5 111 
697-, 

605.7 171 
6ob.q 

603.' 3,, 
t.bS.3 

602.6 510 
602.1 
603.6 
604.9 

171 
510 

573.8 311 
515.5 

510, 
650.3 

704.6 1711 
706.3 

657.6 510: 
662.7 171, 
671.2 510: 
666.7 37'11 

663.7 371$ 
667.0 

115.h 37 l i  
717.L 

630.8 ,,,I 
632-3 

.6,2.R 511): 
630.R 3711 
633.7 510: 
632.6 3111 

666.1 3711 
666.3 

6 1 6 A  371e 
616.7 

510: 
6 n . n  
613.1 
613.0 
618.8 

590.3 5103 
59e.5 

5R8iO 
587.7 

589.7 
54L.7 

561.9 5103 
5bd.7 

572.5 
57L.P 
569.7 

- 

L 

0 

1 
I 



GROUND WATER MENCY WWNO WOUND 7r$f:& 
SURFACE iy:g IH FEET MTA 8 9 IN FEET ,N FEET 

GROUND 
STATE WELL E SURFACE 

8 a IN FEET 

SURFACE SWPLI- STATE WELL E 3 SURFACE 
NUMBER $ 5 ELEVAnON DATE TO WATER E L ~ V ,  ~ NVMaER = a ELwAnoW 

WATER ~ E M I  
SURFACE SUFKY 

mo 
M FEET DATA 

552.7 5103 
967.4 

5103 

5103 

556.8 5103 
S h . 3  

57r.0 no77 

560.2  5103 
567.3 

'i103 
503.9 

583.6 
5w.o m r  

3103 

556.0 5103 
560.9 

1101 

1184." 

510.'. , l o t  
535.0 
533.7 
53L.6 
53s.4 
536.3 

531.3 - 
537.2 
530.3 . 
521.7 
528.0 l23O.O 786.' 

385.1 
2'15.11 
286.1 
2RL.4 
m.5 

%3.b 
9115." 
945." 
Pb1.9 
9L5. I 
947.5 

775.0 11112171 27L.2 
",07,,5 22?.9 

763.0 10/01,71 70.7 
31,"9/7* 23.1 
12,111,r 21.1 
l/lP175 73.2 

7r2.3 1101 
739.9 
7r1.9 
739.8  

539.8 1*37 

516.0 143 

510: 
540.D 

527.6 
510: 

1156.0 

50L.P 510 
507.0 

-5PI.Z E l 0  
S22.0 

533.1) *I17 
526." 

"-OI."P 

1 1 , R . O  ,11121,' 244.0 819.0 111 

! 
t 

! 

I 
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, TABLE C-l 
GROUND WATER LEVELS AT WELLS 

' SOUTHERN CALIFORNIA 
? 

L7LO.1 765.5 
267.0 
Z6A.1 
267.7 
171.3 
76a.s 
270.6 
270.5 
271.2 
271.0 999.* 10101174 

11101/7' 
12/01/74 

1,01115 
2/01/75 

4/01/15 
5/15/75 
6/01/75 
7,01175 
8/01/75 
9,01175 

w w m  

1101 

991.2 35,.7 
398.1 
4L5.L 
,432.8 

' L 3 . 2  
"51.2 
'"63.9 
5L3.0 
5L3.O 
'4~3.6 
469.1 
'65.1 

, 101  

307.0 1311.0 
3bZ.O 1256.0 
Z96.0 132z.o 
295.0 1321.0 
300.0 131R.0 
209.0 1389.0 
289.0 1329.0 
242.0 1326.0 
292.0 1326.0 
303.0 u15 .0  
402.0111 1P16.0 
382.0111 1236.0 

1 1 0 1  

2LGl.T ,0,0,,7'* 
lllOL17C 
,2,,4,7* 

1/03/75 
P,i15/15 
,,ow75 
+,03,75 
5/22/15 
610W75 
7/03/15 
R101175 
9/04/75 

2131.6 

1635.0 320.0 1115." 
311.1 1 3 2 4 4  
3 0 1 . 5  1327.5 
303.0 1332-I) 
301.5 1233.5 
301.0  1331.0 
307.0 1328.0 
315.5 1319.5 
*07-0,11 1228.0 
5(17.0111 1228.0 

L748 

1861.6 3119 
1550.0 

15'9.1 
15911.11 

225.0 
230.0 
230.5 
222.3 
223.0 
218.0 

219.9 
?19.5 
3 o z . 0 ,  I ,  

218.0 

-230- 
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TABLE C - l  

GROUND WATER LEVELS AT WELLS 

1470.0 1119 

3'1.5 
310.5 
291.5 
391.5 
384.5 
379.5 
T66.5 
326.5 
32R.5 
3ZL.B 
m . 5  

110 

L1L 
110 

1372.0 10,0,,71 
11,0,/7L 
12,O,/TC 
1,Bl,73 
2/01/75 
3101175 
4/01/75 
5/15/79 
6/01/75 
7/01/75 
8,111175 
9,D ,175 

1376.5 Zlh.?lI, 1158.3 
215.5111 11'9.0 
118.0t51 1296.5 
1,2.3<51 1252.2 
2na.1,,> 1110.* 
212.7111 1161.4 
213.Plll 1160.6 
16.9.81,) 1201.7 
2?0.RII) 1153.7 
771.llL) 1ISI.L 
2,2.*<11 1112.1 
7W.211) 1136.3 

,101 

1377.5 
1190.0 

19 Ibr2.0 

198.6 
1W.6 
l".h 
19'1.6 
190.6 
190.6 
I92.6 
806.6 

36 ,h5'.0 316.1 
WQ.1 
3 1 1 . 1  
3,O.l 
246.1 
207.1 
360.1 11.1 
hP.1 
V9.1 
?'io. 1 
364.1 

1319.9 
13SL.4 
13L2.9 
11'1.4 
1357.9 
1356.9 
1P17.9 
,119.0 
L30L.9 
.13,." 
1284.9 

*71 I*')"." '. 

0,.,,"7'+,1", c 36 IC.7L.n 1!,""/7L v o . 0  *,5'." ' 7  

:k page 79 for hey lo terms a obbreviolions 



TABLE C-I 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNI.4 

655.0 50.0 
40.0 
30.9 
41.2 
61.2 
10.9 
60.2 
39.8 
39.5 
39.b 

615." 615." 5P1L 

bZI.1 

593.1 
hl*.l 
61.4 
615.2 
615.5 
615.6 

613.8 I'21.* 211.1 
2111.1 
-705.1 
203.1 
202.1. 
2"b.l 
ZP3.1. 
*P4..1 I , ,  
2 * 5 ~ 1  
255.1 
PRP.1 
291.1 

1209.9 
1218.9 
1215.9 
1217.9 
IP1R.' 
l216.? 
1217.9 
,23*.9 
1175.9 
1165.9 
1131.9 
1 y . 9  

$702 

'11.3 10tIB17r "H-1 5103 
3/27/15 58.+11> 593.4 

1128.2 137.0111 1291.2 
125.0 13113.2 
111.11 1317.2 
IW.0 1319.2 
107.0 1321.2 
101.0 1327.2 
1 l ) l r .O  13211.2 
137.0111 1291.2 
1Z7.0 1301.2 
136.0 1294.2 
139.0 1289.2 
ir7.0 1m.z 

'TO2 

690.0 554.9 
557.2 
5b7.Y 
557.1 
5s7.4 
551.1 
554.9 
555.1 
5 5 0 4  
517." 

5272 

500.8 5101 
501.2 

5103 
492.0 

492.2 

696.3 5103 
497.3 

52*." SI*, 
5Z6.9 

516.1 5103 
517.8 

5103 

930.6 5272 
531-0 
531.L 
533.2 
533.9 
536.h 
535.' 
93b.6 
533.6 
532.7 

5iA.R 5L0, 
520.2 

533.0 5103 
542.2 

539.0 8027 
592.5 

539.5 ROZT 
5'3.0 

539.m 0027 
511.6 

518.8 

49E.1 10111117L N U 4  
11/13/7' 0.0 
12/09/76 W-9 
3/28/75 " - 1  
5,30175 -0.2 

lr51.R 177.3111 
141.3 
231.3 
131.3 
179.3 
w 3 . 3  
L21.3 
1115.3 
455.3 
161.3 
169.3 
176.3 

1274.5 "I02 
1310.5 
1318.5 
L3ZB.5 
13ZP.5 
13ZR.5 
1330.5 
1306.5 
3296.5 
1288.5 
1262.5 
1275.5 

1395.9 1315.1 L7O2 
1316.1 
1328.1 
1331.1 
1332.1 
1337.1 
13319.1 
1319.1 
131D.1 
1297.1 
I2YL.1 
I P B 0 . 1  





TABLE C- l  

GROUND WATER LEVELS AT WELLS 

?-a1 
I-*,.& 
Y-Ol.87 

867.7 520;  
0b5.7 

866.7 521); 
w . 5  
B T 0 . 0  
873.9 SOO( 
871.9 
877.9 
819.9 
888.8 
BB1.I 
876.7 
871.4 
869.9 

@60.* 5201 
863.3 
861.6 
869.. 
870.3 
875.2 511i 
072.6 5201 
869.5 511: 
868.2 
867-7 5206 
869.0 5412 
871.1 

wn.8  520, 
861.7 
860.5 
869.1 

873.6 
87'1.3 
872.5 
870.1 

Bb3. i  
059.9 

861.5 YIli 
8b3.3 
866.7 
865.3 
864.2 
863.6 

861.0 
862.7 
865.2 
861.3 
861.A 

863.5- 

a6a.a 

8a.n 

V-01." 
1-01 4 6  

8S.3 

e25.n 3718 
825.4 

, 3718 

3718 
f 

7ab.8 5103 
786.5 
786.0 
783.0 

782.3 
782.5 

726.1 3710 
725.5 

710.0 5103 
7lB.b 

721.8 
720.5 

692.3 5183 

69b.2 
698.1 
690.3 

795.0 5103 
79b.0 

I 5103 
806.0 

83n.9 371.3 

7 n . e  

783.0 

I 

806.5 

ms.9 ,718 

r-oi.a, 
BB7.L 5703 
888.8 
888.0 ,718 
887.8 -783 
887.3 
am.3 
886.8 
a%.@ ,118 
806.8 57R3 
886.7 
886.5 
885., 

13S/06Y-131\Ol 5 33 756.7 10/1117* 38.7 
11,17171 ,38.1 
12109/7& W-3 
3,27175 74.9 
5124,75 36.2 

135/06*-231101 S 33 740.A lD/l l / l r  56.1 
11/12/1* Ilr-, 
12/09/76 56.2 
3/27/75 50.l 
5/29/75 b9.1 

PtYERSlOE ""OR0 SUBARE, 

15101Y-29-81 F 36 931." 68.9 
68.1 
95.1111 
5G.2 
5s.2 
5L.R 
54.6 
57.1 
58.5 
59.7 
6@.9 
67.8 

062.1 
862.9 
835.3 
876.8 
81*.8 
87.5.2 
076.6 
m3.9 
872.5 
871.3 
870.1 
863.Z 

520a 

9 W . D  75.2 
77.3 
F1.2II) 

83.31, I 
83.0111 
P3.611> 
83 .10 ,  
(13.9t11 
13.8113 
85.0111 
86.lCll  

~2 .0111  

8611.8 57-3 
Bh2.7 
858.8 
8%. 0 
856.7 
657.0 
8.S6.4 
esb.9 
856.1 
856.2 
855.0 
853.9 

927.0 

930.2 
027.0 

67.Plll 

69.1 

6T.8 
16.0 
66.2 
46.1 
66.1 
fi6.1 
fi9.811) 
71.011, 

7n.e 

6e.n 

5783 

3718 
5783 

930.2 
927.0 

37LB 
5783 

85L.0 

932.0 lOf01179 q9.6111 832.5 5208 
11/05/7L 67.2 8 h i . 8  

1/87/75 58.4 873.1 
2/11/75 57.6 BIL.c 
3/11/75 95.0 871 .0  . 
l l O l l l 5  13.9 878.1 
5,?7,15 fl,AJ,l, ri'l.2 
6,11,75 Ne-1 S6.12 
7/09/79 98.1 873.7 5208 

i 2 m i n c  65.1 866.9 

935.0 101051711 6L.R 

923.7 12/06/74 67.6 
llfO0/7' 6L.8 

9%.0 1,04/1+ 64.8 
2108175 61.8 
3,04/1+ 66.8 
9 0 5 / 7 5  64.5 
5fL13175 65.0  

7 / 0 5 / 1 9  0S.D 
6 / 8 7 / 7 5  65.0 





i TABLE C - l  
GROUND WATER LEVELS AT WELLS 

a 
\ 
f 

1195.0 

842.8 

BL3.O 

936.2 

953.5 

897.8 

891.2 

909.0 

a*.* 

926.7 

826.0 PR.3 
76.'- 
ZP." 
73 .2  
23:3 
1 5 . 0  
11.5 
7'.6 
26.1 
r5.9 
76.3 
18.9 

5201 797.5 510, 
196.9 

797.9 
747.0 37111 

807.6 5208 
806.6 
808.2 
ROJ.4 
806.2 
8 0 8 . 1  
808.4 
8 W . L  
803.2 

8111.7 5 1 0 1  

W6.5 5208 
808.2  
805.2 
806.7 
8 0 6 2  
802.9 
B0Z.L 

796.3 3208 
783.5 
74L.L 
795.7 
79i.z 

776.7 52@8 
770.1 
715.1 
779.6 
780.0  
780.3 
a 1 . 5  
7RI.6 
,110.b 
781.4 
781.1 
7Sl.L 

r86.6 5103 

786.8 
786.2 

786.5 
768.6 
785.6 

ni.6 5103 
775.1 

781.8 5103 

76L.r 3718 
7b2.L 

758.6 3718 
758.0 

823.0 36.9 
31.1 
27.0 

70 .5  
21.5 
,".e 
33.611) 
39.5<11 
3 5 . 0 ( 1 ,  
35.0r11 
35.2111 

~ a . 5  

'1Bb.l 5208 
'788.6 
801.0 
802.5 
8D2.5 
801.5 
BO&.? 
789.6 

' 7 ~ 7 . 5  
:71111.0 
7m.0 

' 7H7.8  

821.2 ID/11.'74 ZR.9 
12/02/7G 39.7 
1/02/75 28.B 
6/01/75 27.5 
9/27/75 29.0 

79D.O Io,lp/,I 15.6 
1/26,75 11.9 

796.1 3 / 2 6 / 7 5  14.3 

775.1 12 /12 /7& 1 Z . I  
5113/7s I2.7 

77L.1 12/17/7' 15.5 
5 /13 /15  1.6.1 

R 0 . 0  56.3 
C5.P 
55.8 
56.6 
57.1 

, 5 7 3  

'785.7 m n  
786.2 5103 
'78h.a >,,a 
:7"S.L G.193 
78C.9 
7%.h 767.- 12110/,1 9.8 751.7 37,R 



TABLE C-l 
GROUND WATER LEVELS AT WELLS 

" - 0 ,  
"41.8 
"-01+11? 

757.8 ,718 

7l.h.9 slnl 

7L8.0 

747.2 
7b1.8 
7'7.5 

m7.4 3719 
7'ta.b 

7 a . 7  ,710 
7b8.8 

l i Z . 3  5183 
713.1 
113.5 
7X3.0 

7~8.3 

1'1.6 

735.6 3718 
735.2 

733.2 17,e 
732.8 

731.3 $la: 
730.L 1,Li 
728.8 510: 
735.1 l7lI 

1 X . 6  1711 
73r.s 

755.9 371, 
156.4 

760.7 3 l l i  
7L1. l  

748.5 ,7,, 
759.1 

760.3 w,,  
7b3.6 

762.1 $ 1 0 .  
7h+.ll 
7m.7 
7bl .5  
768.2 ,,I 

7 0 . 8  s a  
7bR.L 
771.6  
769.9 
7h.a.l 
770.3 

753.1 5 2 0  
755.8 
753.c 
791.4 
75A.O 

771.1. -2" 
172.k 
173.7 
77rt.c 

713.3 510 
777.Q 

759.7 : 
759.6 

763.7 : 
766.7 

169.6 

769.6 
769.1 
773.0 
767.6 
753.7 
168.7 
769;" 

751.1 
750.5 

765.11 

766.9 

709.o 
709.0 

709.1 
711.1 

713.1 
712.5 

728.6 
730.9 

729.3 
729.L 

137.6 
737.6 
737.6 
138.2 
138.4 

850.e 
850.6 

767 . )  3/27/75 11.7 
5/?9/75 12.3 
7 J O 3 n 5  N*-9 
P,,",,,'. MY-3 
9/11/75 Ne-9 

,L,.*lO,IO,,' 8.1 
Ll,lW,'. e.* 
12,0917' NY-" 
3,26175 8.3 

71'1.3 5,0117'. 6.7 

752.3 10,1"/1' 10.0 
11/12/7L 9-2 
12/09/74 8.5  
3/26/15 9.3 
5/20175 MY-I 
7/"1,15 UY- I  
R,",,15 NY-8 
9/11/75 10.1 

l l b . 0  1?/12,7* 
5,12175 

115.7 1213nllr 
5/01/75 

L.4 
a.8 

2.5 
2.e 

71.h 

30.1 
23.8 

TI.? 
33.8 

Q.b 
4:1 

6.6 
6.1 

5.3 

?e.n 

*.r  
,*.7 
31.6 

R l . 1  
79.' 
80.1 
1 6 . 3  
7.5.6 

101.6 
101." 
'16.8 
99.5 
IR1.0 
91.1 

l l 0 . 5  
1"S.G 
l l ( i . 8  

l D 6 . P  

l"1.3 
101.3 
1DO.0 
99.3 

175.1 
170.S 

1na.n 

758.9 10,10/71 
12,1,,1' 

3 / 7 5 / 7 5  
5/01/15 

I 

I l l . "  
127.7 

ros.3 
116.1 
111.4 
110.2 
113.2 
123.0(1) 
126.1111 
127 .9 l l l  
130.3111 

io1.r 

998.5 
982.b 

10112.6 
1005.0 
946.2 
998.9 
1000.L 
997.1 
987.3 . 984.2 
982.' 
'BD.0 

1121." 

llO".R 

199.7 
205.8 
150.1 
184.8 
188.7 
19A.6 
193.4 
19a.n 
193.8 
1.37.8 
ZOL.,, 
m o . 0  

151.5 
153.9 
152.6 
152.7 
152.0 
172.0 
175.5 
I7R.C 
175.n 
181.5 

721.3 
915.2 
978.4 
936.2 
932.3 
976.L 
927.6 
931.0 
927.7 
921.2 
916.3 
921.0 

966.5 
9Lh.I 
PL7.h 

P a . "  
%?.I 
42*.5 
921.1 
924.2 
918.5 

w . 1  

lll.9." 196-I 
L99.9 
171.1 
1?11.0 
177.1 
176.1 
1 - 3 s  
193.5 
198.11 
199.' 
1 0 0 . 0  
m 0 . n  

RIO.0 

- 
7- . ?e page 79 for key 10 I- B obbrevidionr 



i 
215.0 900.0 5272 
215.3 349.7 
213.6 m1.r 
?"e.* 9Dh.8 
2 0 C . Z  910.8 
to, . *  907.6 
210.0 905.0 
21l.7 R O O . ,  

1095." 2'r.0 
23.7 
22.0 
10.3 

'13.8 
8.8 
6.8 
5.5 
11.k 
17.0 
17.r 
19.3 

1071.0 s,,, 
1011.3 
17383.0 
1081.7 

1W6.2 
1088.2 
10W.5 
1081.6 
1078.0 
1077.6 
1875.7 

1081.2 

1122.0 277.5 89L.5  4272 
2m.9 892.1 
2,I.1 W 0 . T  
233.111) 80e.9 
233.3111 886.7 
231.ill) 8 0 0 . 6  
215.811) 846.9 
221.lll) 900.6 
225.4111 896.6 
277.hlll 8PL.4 
212.Dl1, 890.0 

ll75.C 10,05 /7L 92.9111 1082.2 5717 
11/02/71 106.11ii 1068.6 
1P10717L 53.5 1121.7 
1/01/7C. ct6.l 1120.9 
2/01/15 80.5,11 ,09%5 
3 / 2 8 / 1 5  37.0 $138.0 
6/11/75 35.1 1139.9 
5/01/17 37.0 1138.0 
h / O l l l J  81.7111 low.3 
7/05/19 ST. *< , ,  1087.6 
8/09/75 96.Flli 1018.2 
9/06/75 07.311) 1077.7 

1XiS.O 

11PO." 79 -9 L 1, 
92.081) 
51.4 
53.8 
13.+111 
a5.0 
$1.1 
"1.5 
E.B(l, 
83.011) 
78.5111 
80.311) 

1llO.l 
1098.0 
1138.6 
.11Jb.2 
l l l b . 6  
1115.ll 
1147.0 
llt.Li.5 
1114.2 
1107.0 
1111.5 
1109.7 

5717 

;"-OL.C2 

35.n ' m . 2  4272 
3 6 . )  '14,..9 
35.2 ',*5.8 
26.0 '751.2 
77.5 753.5 
?5.3 '755.7 
71.6 159.2 

79.7 '791.3 
31.3 7r17.7 
16.5 ,7'-4.5 

w . 8  760.2 

7d.7<*, ,715.3 5717 
R5.0Lll 705.0 
96.3 .,*,.I 
26.0 1764.0 
w . 3 < , ,  730.1 
B I . 0  -769.0  
19.1 770.9 
19.1 770.9 
'1.311, 708.1 
P7.3<11 702.7 
7 0  511 )  7lS.5 
75:o<,, '715.0 

3'VO.O 46.0 
*,+.e 
b6.5 
47.n 
65.5 
'4 .2 
47.a 
40.0 
66.0 
'6.0 

3354.9 $706 
3,55.2 
3353.5 

335b.5 
1355.6 
3153.0 
3360.0 
335L.O 
3,5+.0 

3.353.0 

55.9 ! 9 0 0 . 1  9717 
84.0 872.0 
69.7 0W.J 
32.7 923.3 
45.Zt1, . 9l"." 
2q.7 926.3 
?O." ' 9 n . e  
P5.0 931.0  
S...O ' 891.2 
v . 4  I nn6.1 
20.0 906.0 
67.5 . 8W.5 

33 2lhn.o  



TABLE *C- l  

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

OZWRO oRmND WbIEA PEMCY WOUND AGEIE' CRnUIID WATER 
~IMFACE SURFACE SWRI 

SURFACE STATE WELL 5 5 E SURFACE ELEY INb TyJ:& WFACE SUPPLY. STATE WELL lo WATER 

IN FEET OATA SWFACE 
r~EVAT~ON NUWER 2 5 M FEET 

WUBER 5 ELEWZON IN' 2 OATE 
u 2 IU FEET in FEET WA 

1-01  
1-01.0 
Y-oL.02 

2153.0 

*065.5 

2/01/15 92.3 2060.7 '?Ob 
3/01/75 (10.7 2012.3 
4,0,,15 55.1 2097.7 
5,0,/75 62.3 2090.7 
6 / 0 1 / 7 5  76.1 2076.9 

892.1 4101 
09*.3 
8FZ.1 
897.3 
8'17.3 
897.3 

897.3 
e'),., 
897.3 

nw.3 

1720.D 

1591.5 

1596.9 

1583.0 

961.0 ,"/LI,,' m . 5  
l1/21#7& 60.7 
,21,9/,' 69.8 
Ill6175 70.2 
2/,2,7'1 71.6 
1,12175 70.- 
6/09/75 69.3 
5/15/7'1 67.0 
6/13/79 60.3 
1 / 1 o n 9  60.1 
811&17* 67.1 
9/18/75 66.2 

842.5 5412 
891.3 

890.8 
RR9.h 
890.2 
891.7 
99L.0 
892.7 
891-1 
893.7 
W6.6 

~ 9 1 . 2  

956." 68.3 
65.9 
67.8 
6S.R 
67.a 
65.7 
65.6 

77.5 
e2.5 

106.5 

NH-1 
134.0111 

RR7. I  941: 
877.3 
890.3 
883.1 

881.8 
885.5 
887.') 
" B 6 . l  
886.7 
BR7.(r 
892.9 

8nz.i 

912." 56.8 
61.3 
55.8 
5h.7 
64 .3  
55.2 
55.7 
58.8 

e page 79 for hey lo lerm e abbreviation$ ' - 



TABLE C-l 
GROUND WATER LEVELS AT WELLS 

SOUTHERN CALIFORNIA 

912.0 7 / 0 1 / 7 5  
8,1",75 
9,811,s 

12PI.O 

1392.0 

1107." 

1W6.0 

1180.0 

,173.0 

e page 79 far hey 10 t e r n  a abbrevimlioni 
.*to- 

6L.P 
61.0 
61.0 
36.0 
31.0 
31.0 
30.0 
31." 
36.0 
16.8 
90.0 
51.0 

Lk.0 
61.1) 
$0.0 
53-0 
31.0 
3G.O 
26.0 
45.0 

23.0 
92.0 
90.0 

N*-7 

IW*.2 

325.7 
325.2 
123.2 
322. l  
322.* 
,?I ." 
319.7 
320.4 
125.5 
329.0 
,331.7 

2019.9 5ObB 
1020.0 
102P.D 
1023.1 
1022.8 
1024.2 
1OPS.i 
1021.3 
1919.7 
1016.2 
1013.5 

129t.o IllldnS 287.8 , l(103.2 5060 
12?10,,* 296.2 l(101.U 

1 /16 /79  203.2 1007.8 

3/12/77 ZIJB.9 U L 0 . I  
&<lLIT5 ZRO.0 1611.0 

6tlOf75 280.6 11110.6 
7109175 283.5 IQ07.5 
8/03/75 2B5.E 10115.8 
9111115 281.8 1003.2 

e m 5 m  282.6 im.+ 

5 m m  2 m . o  1012.n 

1394.6 1136.0 CIDI 
1145.5 
1136.0 
113D.P 
1.133.0 
lLIC.3 
1136.'. 
1115.7 

1160.5 
1 m . a  



123L.7 

IZ1D.O 

127".0 

,290." 

129L.O 

1992.* 

1P87.7 

1622.V 

1529.9 

11176.7 

ILO9.I 

i 
i 
! -  
: I  

lZ37.2 
123L.O 
IEJCl.' 

1052.3 3E30 
10'6.5 
IW.9.1 

l017.P 

ll8r.u SCli 
lIB1.6 
1176.9 
I1HO.2 
II7R.h 

1173.7 5 r l i  
,173.' 
1167.5 
1156.1 
IIIY.2 

L0'B.C 561: 
1011.e 
LOLI.7 
11112.2 
1039.3 

1086.9 I&,> 
1089.2  
1089.L 
1 0 8 7 . 0  
1DB5.R 

1082.9 3230 
1065.0 
1031.9 

1 o u . z  

1025.0 677 
,030.0 
1030.0 
1030.11 
to3o.O 
1033.0 
1033.0 
I (I1C." . 
LOII.0. 
1039.0 
1 0 X . O  
103L.D 

1330.0 I,,,.,,' Z I R . 6  
1/1*,75 Z B 6 . l  
3/10 ,79  191.6 
5/23,76 282.7 
7,,',75 253.1 

1377.1 5/"117T 1311.0 
6,O'II' I+".* 
7 / 0 1 / 7 5  1413.5 
8/07,,' I C 2 . Z  
9/01/79 1'1.e 

IHSB.2 323 
1865.1 

1857.7 123 
1861.1 

I ' f e . 1  723, 
1150.7 
LsW.9 
Lc56.8 
1451.3 
1156.6 
IaOL.0 
1r5n.9 9 r , ,  

IOr5.8 3230 
10LQ.9 
IO'bO.1 
10LL.9 5112 
1 w 2  ..3 
I0LI.l 
,013.9 
1031.0 

I'rs1.B 
,*51:2 

. 
1026.0 5'12 
1023.4 
1021.1 
LOIS.8 
1013.0  

I65Z.i 5+L2 
IO'H.6 
L0'b.C 
IOIL.0 
l0'2.I 



- 

0 

i 
i 

L2LO." Illlsl7r 2Al.h 
12176/7' 231.P 
1/15/75 239.8 
2/27,7q Z3L.4 
3,2117s 237.1 
5/01/75 232.8 
6 /17 /15  NH-I 
7,1117+ N"-I 
8,11,15 NH-I 

998-h 3210 
1002.1 
1000.1 
1005.6 
1002.9 
Lm7.E 

8 976." 
975.11 
970.6 
9116.0 

, 967 .5  
970.7 
97L.3 

, 973.0 
968.6 

* 9W.l 

1233.0 

1226.' 

i o , i r m  PSI., 
11/13/71 236.2 
12/26/7' 235.9 

1/15/75 P35.0 
2127,75 260.6 
3 / 2 6 / 7 5  237.3 
4,3017s 217.5 

981.3 1230 

99n.o 

996.8 
9q?.l 

992.4 
995.7 

1005.3 

376.1 ,2311 
995.7 
99S.l 
975.2 
969.6 
970.3 
968.1 
961.3 

996.9 . lo" 

9%.+ 
999.7 

1000.2 
1001.8 
1001.0 
, 999.6 

999.9 

1002.9 

: 991.6 

IO,lP,IL 196.8 
11/13/74 205.3 
12/26/71 205.6 
1,16175 192.6 
2/27/75 1'12.6 
3 /24 /75  200.6 
5/01/7c1 195.0 

992.3 3230 
983.8 
903.5 
996.5 
996.5 
988.5 
994.1 

986.0 3230 
sw.9 
987.9 
98b.2 
969.9 

998.9 
997.1 
9'10.2 
987.9 

948.7 

. 

972.8 A , @ i  
9112.0 
970.5 . 983.3 

! 985.0 
980.2 

1981.5 
977.8 

,97b.P 
981.0 

L O , ( I V , .  267.0 
11101,7r 267.0 
12,0T,I' 266.0 

1,0",14 265.8 
2,111175 766.W 
3 / 0 7 / 7 5  265.6 
4 / 0 7 / 7 5  166.0 
5/01175 266.0 
6107175 265.0 
7,01,75 266.0 
8/14/74 270.0 
910,175 269.0 

1036.7 1776 
1036.7 
1037.7 
1038 .7  
,037.1 
1018., 
1037.1 
1037.7 

1031.7 
1033.1 
lA34.7 

1038.7 

1-17n.n 

12vI.I 
1236.2 3230 

1269." 

1225.0 

lPl'.' 997.7 
977.rl 
477.1 

1071.8 
IDOI.' 
1001.7 

3230 

I O I I R I 7 L  201.2 102'I.l 3230 
llll'17' 195.7 I P U . 6  

12311.1 
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1230.3 106.1 
2n9.9 
2n2.1 
201.7 

212.6 
215.L 
271 .I 

m . 7  

103*.2 
1OLO.I 
,028.L 
IO25.6 
1021.6 
,017.7 
1015.1 
1008.9 

3230 1122.7 

1120." 

9 e l . 3  

w8.a  
9ee.3 
986.5 
9Bl.E 

981.1 
9e0.5 
478.1 
976.0 
981.4 

483.2 

1236.3 l O I I R / ' *  211.9 ' 102G.+ 32.30 
lI/l*/7C 216.1 1OPII.Z 
12/2W7* 210.6 1019.7 

1111175 2rlL.l 1035.2 
2/27/75 211.2 1025.1 
3,21,,1 Z " 9 . L  1076.9 
5/01/15 PII).'. 1025.9 
6/17/75 NM-1 
7/15/75 **-I 
n m 1 7 5  NWL 

1013",,' 1Zl .h  
l1,25/1* 123.' 
1 2 1 3 0 n 6  119.0 
1/29/75 122.5 
2,2(1,?5 120.0 
*125/75 121.3 
5 t O W 7 5  lZ3.7 
6 / 0 9 / 1 5  125.0 
7,07/7F 125.4 
9/94/77 119.8 

IO9R.0 

I"7L.l  

2327.q 

2311.3 

15115." 

970,L 
9 7 r . i  
97s." 
975.5 
978.0 
976.7 
974 .1  
971.0 
972.5 
978.2 

191.511) 
168.1 
119.8 
165.6 
170.1 
157.'(11 
172.3 
NI-1 
N Y - I  
MY-, 

1003.1 
1015.7 
1015.0 
1011.2 
101k.7 
1027.I 
1012.5 

3230 

1739.1 
17''.9 
1713.7 
17C0.3 
,731.5 
1736.6 
172s.2 
1733.6 
1731.1 
172P.6 

1161.0 1111117* Irt8.l 
l l l n 1 7 5  1'19.8 
3/20/75 119.3 
5 / 2 7 / 7 5  LL7.6 
7/15/15 1'9.6 

1111.9 l0?16/7* 166.7 
11112171 110.7 
L2/20/7* 151.7 

111b17S 151.1 
Z/ZL/7S 150.9 
3170/75 1'7.5 
+ 1 2 9 / 7 S  1cB.9 

101Z.P 3230 
lOI1.2 
1011.7 
11113.6 
I01l.L 

975.2 3230 
9RI.Z 
940.2 
990." 
9P1.0 
99L.4 
993.8 

977.6 3 2 3  
987.5 
'150.2 

1002.9 
1010.9 
993.7 
9.)1.5 

"?N,05"-19""I c 36 

1806.7 1011017c R2-3  
11101/7' 14.1 
12/"3,71 64.6 

lm3175 72.7 
2/12/75 71.9 
3,1217'i 70.5 
&/lo175 61.6 
5802/7$ 78.2 
6 /11 /15  72.6 
7IIG1,5 82.7 
8,06175 79.3 
-,,"4,,5 R0.5 

112".L 
1731.6 
1737.1 
l73b.I) 
Il,*.P 
171b.E 
17ir5.L 
1720.5 
1736.1 
1721.5 
1727.4 
IT2Zh.2 

971.1 3230 
976.3 
976.6 
986.0 

1397.4 



1195.7 -5'12 
1193.6 

1196.2 

1IJE.n 

1197.0 

1255.0 

1ZBO.O 

IC13017L 150.7 981.3 & l o I  
lII2117' 111.0 98R.O 
1212317L ,is.o 489.0 

1/2817+ 153.6 910.4 
2/28/79 151.9 988.5 
W21t75 152.8 979.2 
5<15,7s 15G.O 978.0 
6/16/75 152.5 979.5 
7/11/79 LIR.0 981.0 
9/25/75 1'7.2 981.3 

1051.' 4106 
1063.6 
lOS1.6 
1056.4 
1058.1 
105U.2 
1055.5 
1055.1 
105C.5 
1058.7 

12r1.0. ,0131111 ,,96_* 
11/26/74 .,(19.2 
12l2Ll74 . l s r . @  

1/30/75 192.1 
2,PR,,5 L(i9.8 
Lll"/75 192.3 
5/06/75 190.9 
6/17/79 192.5 
7/17/75 196.0 
9,30175 1119.8 

lO'G.6 4101, 
1052.8 
10LT.Ii 
1048.3 
1051.2 
10LA.7 
105Oil 
1048.5 
IO',.@ 
1051.2 

10/31/11 2D5.1 ID11.9 '1104 
11/26/71 198.0111 1057.0 
l2/2317* 207.411> 1067.5 

1/38,75 205.3 lo'')., 
2,2B/75 203.0 1052.0 
*,LO175 206.8 1018.8 
5,05175 206.2 1048.8 
6113/7'i  201.5 1030.5 
7/17/75 203.0 1052.0 
VJ30175 198.7 1051.3 

1027.0 4776 
1027.D 
1027.0 
Ili2h.B 
L02L.O 
1030.0 
,031.0 
1030.0 
1030.0 
1030.0 
1029.0 
1028.0 

10/10171 125.3 
1 1 / 0 7 / 7 4  115.5 
l2/03/7A 125.4 

1/03/71 125.0 
2,12274 122.4 
3,12175 121.6 
4,10175 119.4 
5/01/75 117.8 
6111/75 121.1 

8/07/79 125.3 
9/01/75 127.6 

r / i o m  1 2 ~ 9  

115+.7 Slli 
1154.5 
1154.6 
1155.0 
1157.6 
11SB.I 
1160.6 
1161.2 ' 

1155.1 
115*.7 
1152.4 

1158.9 iozs.0 r i w  
102S.3 
1022.5 
1025.2 
102b.5 
1023.0 
1021.8 
1021.5 
l O Z 1 . l  
102S.6 

015/0W-l7C03 C 36 1OOb.l 38*, 
IDO6.0 
1006.&, 
1009.0 
1010.2 
1012.3 
1015.1 
1017.1 
1017.6 
1015.9 
1014." 
1 P l Z . l  

992.5 $716 
9'1.5 
991.5 
997.5 

1000.5 
100,.5 
1CO6.9 
10011.5 
1003.5 
1001.5 
992.5 
99O.5 

1135.2 LlIPAI7I 163.8 
12/23nl 166.7 
Ill6175 164.1 
2112175 163.6 

l l l t n 5  160.7 
5/15/79 167.3 
6/13/75 169.3 
7/10/75 171.9 
8,1*,7S 172.6 
9/18/75 177.7 

3 m n s  161.1 

911.1 5r12 
9111.5 
971.1 
971.6 
'),+;I 
974.5 
967.9 
965.9 
863 .3  
962.6 
957.5 

981.0 ' 7 7 6  
ea6.e 
986.0 
991.0 
99L.O 

998.8 
996.0 
995.0 
9'11.0 
?85.0 

Q95.0 

9nr.0 

1 3 1 R . I  1130.1 5206 
1133.1 
1132.1 
113'+.1 
I1LP.I 
1145.1 
l l l6 .1  
1114.1 
1 l b l . l  
1132.1 
i izr.1 

132@.D 

1319.0 

971.1 
975." 
910.6 
971.1 
919." 
P17.6 
975.2 
971." 
971.0 
976.9 

'lo$ 

1131.0 5206 
1135.0 
L131.0 
1140.t 
11'3." 
lL47.0 
Il*R.O 



TABLE C- l  

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

1097." 93.3 
w.9 
94.8 
91.0 
47.8 
9b.3 

97.4 
98.0 
.92.3 

9s.n 

918.7 
LO02.2 
997.2 

,001.0 
9199.2 
991-7 
996.2 
494.5 
9PI .G 
999.7 

1390.0 271.0IL> 
212.0 
211.0 
210.0 
7DY.O 
206.0 
205.0 
221 .O I1 1 
PII.OII1 
216.0111) 
21b.0111 

116g.O 
1178.0 
l17B.0 
llMO.0 

1184.0 
I IR5.I)  
1169.0 
117L.0 
1174.0 
1171.0 

i i a i . o  

IS/03Y-23d03 S 36 11175.0 IIII10,TL 
I I l l l ~ I I L  
12,0,114 
1/03/75 
2 / 1 1 / 7 5  
3 / 1 2 / 7 5  
1/19/75 
5/01/75 
6/11 /15  
7 l l n l T 5  
8 / 0 7 / 7 5  
9,04,75 

745.8 
2'6.6 
2W.8 
211.3 
246.7 
2'5.1 
2Ll-* 
2'1.0 
2'1.1 
291.5 
247.- 
2'9.0 

1229.2 
ra2e.r 
1230.2 
12311.7 
1228.8 
122u.9 
1233.6 
1231.0 
1221.9 
1223.5 
1227.6 
1226.0 

1087." I L I . 3  
135.2 
I3P.5 
139.0 
137.7 
135.2 
t36.4 
138.3 
139.5 
I30.D 

945.7 
951.8 
9'8.5 
%8.0 
9119.3 
951.a 
950.6 
968.7 
w7.5 
951.0 

1051.2 102.2 
91.7 
59.6 
76.2 
79.2 
72.5 
75.9 
BO., 
93.4 
46.0 

104.1 

9151.0 
960.5 
993.6 

976.0 
980.7 
977.3 
973.1 
959.9 
957.2 
969.1 

977.0 1308.0 9206 

105Z.9 10,16174 
1 I11 2,7* 
I 2 1 1  9,71 
l,lV74 
2/25/75 
1, L 9 I 7  ? 
4/29,7T 
5,71175 
b,l7"5 
,,Dl/75. 
812,171 

96.1 
96.3 
9 i . P  
76.7 
90 ..7 
74.3 
77.7 
82.2 
93.0 
98.8 

107.2 

956.8 
958-6 
958.7 
Wb.2  
972.2 
978.b 
915.2 
970.7 
459.9 
95b.1 
4,S.T 

..... *. I l , h / , '  Nu-, 
1096.0 1/07/75 115.9 

2 / 0 3 / 7 5  116.9 
3 / 0 7 / 7 5  117.2 
1/01/75 115.2 
5/06/15 113.8 
6/0>,'5 113.9 
7101175 l l6 .0  
1110175 116.5 

3230 
980.1 5000 
'119.1 
971.8 
9 R D . A  
482.2 
9332.1 
9 R O . O  
9B1.5 

1096.P L013011'. 174.3 
l*,ES/,L 111.5 
IPl3n/71 115.0 

1,2"/15 119.8 
2 / 2 6 / 7 5  117.0 
L125175 I I 8 . 1  
3 / 0 9 / 7 5  120.5 
6,00175 1?,.3 
,,n7/75- 1,Z.O 
9/21/75 117.1 

972.5 'lo* 
975.3 
981.8 
977.0 
979.8 
978.7 
976.3 
$75.5 
9,lr.R 
91e.3 

LO'*." P62.Z 
966.6 
952.6 
9 a . i  
927.1 
873.8 

1048-6 , I I l h l 7 l  72.5 976.1 
1/13/75 67.1 9AI.5 
3/20/79 71.9 976.7 
5 /21*13 70.G 978.2 

976.1. 5208 
990.8 
wt.1 
99,.P 
916.9 
976.9 

,037." ,012"11' 
,1,22/7L 
1 W 2 7 / 7 L  

1 /31 /72  
2,77175 
*,I9175 
5/13/75 
6/16/75 
7,15/7< 
9 / 2 3 / 7 5  

50.1 
' 9 . 0  
3R.5 
35.7 
37.0 
40.z  
L2.5 
A4.S 
47.8. 
43.n 

986.9 
997.0 
99e.5 

1001.3 
1000.0 
946.8 
991.5 

-992.5 
989.2 
99L.O 

917.0 +IO* 
921.5 
911.5 
922.0 
9,R.A 
919.0 
916.1 
9179.3 
91P.D 
911.8 

9L15.5 0104 
49L.D 
9711.0 
988.5 
982.8 
PBO.' 
982.5 
90,.6 
993.2 
988.0 
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"-"I 
"-01.E 
"V"l.EZ 

937.5 a201 L 0 i L . O  99.3 
97.1 
91.1 
89.2 
88.0 
91.2 
'19.3 

123.3 I 1  I 
,2'.ZI,, 

95b.7 
956.9 
'bZ-7 
961." 
966.0 
959.' 
951.7 
430.7 
w9.a 

3817 11176.0 9/02/79 138.5 

1069.5 I l / I W ? *  RI.2 
1/17/75 72.2 

5 / 2 3 / 7 5  12.3 
7/17/75 19.5 

3 / 2 5 / 7 5  71.8 

9H5.3 3230 
997.3 
995.7 
w 7 . 2  
990.0 

1065.0 136.'1111 
11*.11 
110.7 
101.7 

4P.9 
47.8 
98.2 
48.7 

1w.r 

119 -7 I 1  I 
121.7,1> 
1 3 P . i l l l l  

92R.Z 
950.2 
451.3 
960.3 
'362.1 
96b.1 
96T.P 
Pti6.8 
966.3 
945.1 
937.3 
932.2 

953.0 42a1 
qb3.0 
975.0 
976.0 
911.0 
973.0 
412.0 
960.0 
950.0 
937.0 
937.0 

11169." 171.8 f 11 
119.7 I1  1 
122.711l 

103.7111 
105.8111 

11".5111 
1'3.eIlJ 
1*6.11111 
15n.llIl 
158.7 I 1  >. 

98.7 

82.7 

R93.2 
936.3 
9L2.3 
916.3 
961.3 
959.2 
982.3 
915.5 
921.2 
9)LB.Z 
910.3 
906.3 

975.8 32m 
976.1 
971.8 
978.6 
979.4 
9110.5 
w1.5 

979.5 
977." 
972.' 

9 ~ 0 . 9  

1060.2 11/11/71 93.6 
1/17/75 02.5 
3,21/75 s2.1 
5,21175 85.11 
7/17/75 9Z.6 

966.6 3230 
967.7 
968.1 
97C.I 
967.6 

979.8 ,230 
976.7 
976.2 
979.2 

,979.5 
980.1 
981.4 
980.0 
979.* 
978.0 
972.8 

1052.r 1 0 1 1 h / 1 5  76.1. 
l,,lP,7L 75.7 
12/19/7* 76.2 

1/13/75 . 71.2 
P,25/75 72.9 
3,,9,75 72.3 
1,29/75 71." 
5/21/75 72." 

7,111115 7 b . L  
8,0,,,5 79.6 

6 m m  73.0 

975.1 5'li 
975.7 
916.1 
975.7 
911.3 
973.1 
973.0 
w2.s 

927.5 
932.5 
937-5 
945." 
9Q7.b 
951-6 
9SL.6 
931.1 
925.6 
921.7 
917.7 
9rz.7 

111.9 
106.5 
1.01.5 

9hi.3 323I  
"66.7 
%*.3 
969.6 
969.6 

971.z 
971.6 
972.1 

970.n 

I D L O . "  L36.6(11 
106.6 
100.5  
44.5 
92.5 

89.6 
8n.s 

,1'*1111 
* l h . b l l l  
121.'.11i 
175.6111 
IZ7.h'll 

384 

103b.5 12/01/71 I I L . 2  

1013.3 ,E,0,/7* I"3.2 

920.3 520,  

19119.3 10,7117L l"S.2 
,l,26,7L I""., 
1P12617" 111.0 

1/11/75 112.5 
2 / 2 7 / 7 5  112.5 
rr,14/75 113.8 
5 / 1 3 / 1 5  115.2 
h l l V 7 5  l I L . 8  
7,,"/15 l 1 L . l  
9,2'175 l"9.6 

W L . 1  .&lo, 
9LD.6 
975.3 
976.8 
976.8 
976.3 
Y7L.I 
V 1 1 . 5  
974.2 
919.7 
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' TABLE G - l  
GROUND WATER LEVELS AT WELLS 

" - 0 ,  
"41.E 
(I-o,.c2 

1000.0 2 / 0 3 / 7 5  
4/01/75 
*/0,,75 
,101175 
W O W 1 5  
P,"1/15 

76.6 9*3.r 5208 
dZ.5 957.1 
$h.9 953.1 
51.3 9'9." 
55.2 '3'4.e 
56.9 9::P.L 65.2 915.0 371 

65.1 915.1 
$8.6 i3n.L 5208 
65.9 933.1 
66.1 931.9 
56.0 9113.0 
57.3 9LI.7 
46.4 952.1 
L4.4 954.6 
4b.l 952.9 5112 
49.2 9W.8 5208 
5s.a 9.13.0 
62.1 936.9 
71.6 927.6 %1P 

61.0 915.0 578 
61.3 926.7 
60.6 925.4 
60.6 925.6 
59.6 926A 
65.1111 920.3 
60.6 '125.k 
60.7 925.3 
6b.9111 921.1 
65.211l 920.8 
65.0 9 Z l d  
65.3 920.7 

66.R 929.2 5 ~ 0 8  
65.6 930.1 
C2.R 933.2 
5*.6 941.4 
55.0 9C1.B 
'6.4 969.6 
62.3 953.7 
39.4 956.6 
48.3 447.7 
75.R 940.2 
11.5 93r.5 
1b.O 932.0 

R.5111 904.5 578 
13.2111 7Il.3 911.7 '408.8 

70.3 911.7 
70.1 911.9 
70.8 911.2 
70.2 911.8 
78.PIII W3.X 

78.2111 903.8 
78.5111 903.5 
79.rlll WP.6 

r8.aii ,  9oc.o 

92.3111 89+.7 51V 
92.3'11 89b.7 
76.6 910.6 3711 
75.8 911.2 578: 
79.2 911.8 
86.2111 9on.A 
76.8 910.2 37h 
85.5111 901.5 578: 
85.811, '101.2 ,- 
R6.0111 901.0 
86.6i11 900.* 
87.311) 899.7 

79.5 9 0 9 ; ~  x m  
'8.3 93n.2 
$6.8 931.7 
4b.8  9a1.7 
b3.B 911.7 

975.0 9/?6/75 

'372-0 9,26/75 

994.0 6 / 0 3 / 7 5  
810'175 
9101175 

115.0 930.0 381: 
106.9 93R.l 
1U3.0111 942.0 
98.1 916.9 
94.0 951.0 
89.0 . 956.0 
88.0  957.0 
89.9 455.1 
97.0 948.0 

1n2.s % > . I  
! i r . * r i i  109.0 

921.1 g m . 0  

45.3 9ia.7 5208 
67.4111 926.6 
69.8111 921.2 

99r.0 *0,1)1,7* 
12 lC I l7+  
2103175 
4,01175 
6,0?175 

' 8,01175 
9,01175 

bn.2 925.8 5208 
63.1 930.4 
57.9 936.1 
L2.5 951.5 

67.601 926.1 
L 5 . 3 ,  9118.7 

+9.61,> 92L+ 
10'1.0 132.6 

113.7 
103.5111 
92.6 
93.7 
M., 
79.8 
70.1 

104.7 
112.6 
116.6 
120.7 

911.e 1 B " i  
9w.3 
7IxLI.5 
9S1.L 
950.1 
950.3 
964.2 
973.9 
839.1 
931.6 
927.4 
923.3 

67.1 926.4 5208 
62.1 931.9 
5b.5 931.5 
LO.* 953.6 
L1.9 91P.5 
G1.b 942.4 
51.9 936.1 
59.8 93h.2 

m . 5  P2b.5 $2118 
$3.8 931.2 
58.0 931.0 
t1.n 953.2 
)5.8 9L9.2 
52.3 %L..7 
57.7 937.3 
49.5 935.5 Ioln.7 tZ1.3 

113.3 
104.2 
92.3 
97.3 
95.1 
80.3 
77-1 
116.r. 
IZ4.3. 
13b.3 
129.1 

923.6 
931.r 
9IO.S 
952.4 
917.4 
959.b 
9m.. 
967.6 
928.3 
970.5 
910.. 
S1S.l 

W5.D 02 n l l l  q13.0 5208 
Ab13 930.7 
56.5 938.5 
42.0 953.0 
45.5 9r9.5 
52.7 012.3 

937.0 2;:: 927.1 

L1I .RI1,  919.5 4208 

72.8 92b.2 9205 

139.7111 868.9 5208 

72.7L1, <IO., 9783 
72.5111 910.5 
73.b 9119.5 3718 
$7.8 915.2 5783 
46.9 916.1 
19.3111 913.7 
7 L . 1  908.3 3 7 , A  
11.4<11 409.6 5785 
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TABLE C-I 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

1Dwt.O 

10114.0 

I D I I . 0  

1010.2 

1280.7 561 
1279.9 
1282.2 
12a i r *  
l2&5 
lZB3.L 
1z89.a. 
1240.5 
1284.2 
12an.s 
IPBO.? 
1219.2 

91*.Y ,857 
927.9 
933.8 
950.9 
9L7.0 
9W.l 
965.9 
966.8 
939.8 
921.0 

916.C 
9 n . a  

1228.0 =.a 
l228.'1 
1PZ8.0 
lZ29.0 
1229.0 
li.30.0 
1224.0 
1231.0 
1231.0 
1231.0 

1115.0 541 

11e0.4 

1 I R I . Z  
1181.' 
lllh.* 
1176.1 
1176.7 
1175.4 
1175.2 

i i e i . 9  

1178.8 

909.7 31157 
92n.T 
920.1 
9'7.7 
%'.I 
945.7 
967.7 
962.5 
9.0.7 
920.7 
911.7 
916.1 b'-Ol.Ec 

11oe.a 9hl.0 5106 
983.0 
980.6 
985.0 
990.0 
94U." 

1G"O.O 
P 8 l . O  
98O.I) 
965.0 
968.0 

170'.6 1581.3 911 
1560.2 
15TIL.6 
1978.1 
LS7h.Y 
1579.2 
1571.2 
1578.8 
1580.1 
1575.9 

1563.3 
9'1.6 u 1 z  
957." 
q51.5 
9'03.2 
951.b 
955.1 
951.* 
915.3 
964." 
9G3.7 
917.7 

140R.C 278.0 
215.5 
Z7b.h 
27L.9 
210.2 
177.6 
218.1 
717.1 
279.9 

1330.L 541 
1332.9 
1332.0 
1333.5 
1332.2 
1330." 
1330.3 
1310.5 
I2ZR.5 

57.0 
611.0 
59.0 
43..0 
39.11 
5 2 . 0  
41.8 
57 .e 
57." 

1015.2 

1015.7 

1530.3 511 
1S13.5 
Lb32.h 
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TABLE C-l  

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

35711.11 32.0 3538.0 
l l . 0  1554.0 
*,.a 1559.0 
10.0 3560.0 

*".e 3530.0 
11R."(II 3L52.0 

12.8 3558.0 
1851.9 N2.4 

Nw-1 
?I'Q.'Z 
2'7.S 
7A6.9 
z15.5 
269.5 
2w.o 
294.2 
250.9 
252.4 

1602.6 
160b.3 
16"*.Y 
1606.3 
1602.3 
1601.8 
I5VI.6 
l ( iO0.V 
1599.4 

1565.8 l0/29/7' 
12/16/76 
1/27/75 
2/76/75 
2/26/75 
4/2*/75 
5/27/75 
6130175 
7,30175 
8,2 7 i 7 5 

107.0 
.42.0 

98.0 
.95.0 

l o w  

1458.8 

lG51.R 
166T.a 
Lb70.8 
1471.8 
1457.8 
1458.8 
1460.8 
1462.8 

1173.11 
5206 

4575." 120.0111 

117.011) 
1 1 B . O I L I  

iio.niii 

65.0 
72.0 
S8.0 

107.0111 
L21.0111 

."'.O 
1OR.O 
197.0 
105.0 
403.0 

1576.7 111129/7* 129.5 IC*7.2 5206 
11/30/7* IZh.5 1450.2 
l P l 0 C l l S  12'15 1L52.2 

1/27/79 173.5tI l  1.03.2 
2,26/11 17L.5 1452.2 
3/16/75 126.5 lr5o.Z 
4/29/15 172.5 LC5C.2 
5/97/75 176.5 1k50.2 
6/3017S 1zP.S L494.P 
7/30/75 121.5 LC52.P 
R121f75 126.5 Ip50-2 

1495.2 s412 
19W.8 
r997.* 
,597.5 
1999.7 
1995.6 
1993.1 
1492.7 
1P93.b 
IVVl.~ 

1560.0 1 0 1 2 q n 1  
lll3n1711 
12/06/71 
1/27/75 
2 /26 /15  
3/26/75 
4,20175 
5/21/75 
6,30175 
1,31175 
8,27175 

R9.0 
AZ.0 
w.0 
87.0 
81.0 
79.0 
1 b . D  
R6.F 
83.0 
116.0 
49.0 

5206 
2040.8 lI,DC,74 35.2 

12/07/7A 35.2 
1/28/75 26.2 
2/27/75 25.2 
3t27,E 25.2 
410,171 2l.P 

8/2*,75 35.1 

S/ZW,F 7/02/72 27.2 23.2 

2015.9 11m1t17' 51.0 
12/07/71 53.0 

112R17S ' '7.0 
2/27/74 '5.11 
3127/75 38.0 
*a,/73 3 0 . 0  
5,28175 97.0 
7/02/74 17.0 
W211/7$ 51.0 

1961.9 5zab 
1962.4 
196R.9 
,970.9 
1977.s 
1985.9 
1978.9 
1968.9 
1962.9 

1568.0 7206 

1955.3 ll8"4/7,. 31.6 
12,07/71 30.6 

112817% 25.6 
2,2,,7s 79.6 
3/27,?'. 23.6 
4/01177 28.6 
5 / 7 R / l S  31-b 
7 / 0 2 / 1 5  29.6 
8, i .R/ ,+ 26.6 

1921.7 5206 
,926.7 
192'9.7 
1475.7 
1931.7 
193..7 
1933.7 
1931.7 
1928.1 

2212." 9206 
2216." 

2216.0 
P2PL.O 
ZZZP.0 
2210.11 
2211.0 
2211.0 

221n.0 

1585.3 120.0 
113.0 
115.0 
117.0 
117.0 
112.0 
I"9.0 
I?'." 
116.0 
170.0 
1a.n 

5206 

"-01.E- 

1314.6 4706 
L31L.I 
1315.8 
13L1.3 
L 3 1 C . I  
1312.1 
130R.h 
UW.6 

1308." L706 
,310.0 
1109." 
1310.7 

-250- 
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1507.0 

1'96.2 

1'71." 

127'.2 LL33.2 
1127.2 
II26.P 
l,?S.Z 
II2T.P 
,127.2 
1135.2 
1125.2 
1IZC.2 
1107.2 
1096.2 
1120.2 

Ll2L  

1261.5 135.1 
136.1 
151.1 
167.1 
139.1 
l rr . l l l l  
135.1 
139.1 
1 L l . l  
116.1 111 
167.1 
1 5 1 . 1 f l l  

I P I I . 4  129.1111 1118.3 
ISL.LI1)  1091.1 
1*8.'111 1099.0 
136.2 1111.2 
162.1) 1085.' 
182.9111 IOW.5 
116.7 3102.7 
u*-, 
NY-1 
NU', 

3230 

Jh 62.5 
67.7 
a3.0 
61.0  

187.0 
81.5 
63.2 
63.0 
03.2 
Lf.1 
61.1 
63.0111 

2150.I 541s 
2749.9 
27e9.b 
27L9.h 
2625.6 
P7L9.I 
2719.6 
21b9.h 
27L9.'. 
2749.5 
27L9.5 
2759.6 

33 l"), .I) 7q.9 
19.6 
79.9 
77.3 
7h.P 
Ti..', 
79.4 
7R.2 
a0.x 
79.1 
" L . 5  



: TABLE C-l 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

36 Z76r.O 2S8.5 
257.5 
Z56.5 
256.n 
225.5 
255.0 
251.0 
211.0 
253.5 
253.0 
?52.T( , ,  

2505.5 
1506.5 
2507.5 
2508.0 

2509.0 
2510.0 
2510.0 
2510.S 
2511.e 
2511.3 

250~1.5 

5c15 

I .  

1, !. 

36 2614.d ?l2.0 
210.5 
209.0 
208.0 
207.0 
209.5 
205.2 
204.0 
103.3 
208.5 
202.0 
Z I ) L . O l l ,  

219B.n 
23919.9 
2'01.0 
ZLOL.0 
2503.0 
ZLOL.5 
2'64.8 
2105.il 
26D6.2 
2LO7.5 
Z408.0 
ZL09.0 

5'19 

I 
i 

2380.1) 

2330.0 

2320.0 

255a.o 236.5' 2372.5 
239.5 2119.5 
S2.0 2321.0 
730.8 Z328.% 
ZIB.6 2328.' 
216.2<1, 2312.8 
230.0 e329.0 
215.0111 1314.0 
P18.0ll) 2311.0 
2L7.0'11 2312.0 
250.011l 2309.0 
231.0,1> 2322.0 

5119 

36 PBlb .9  3m.0 250a.s 
3"6.5 2510.6 
300.5 25111.4 
306.0 2510.9 
306.0 2510.9 
395.2 2511.7 
$ni.5 2512.6 
3 n i . o  2912.9 
3*4."(11 ZC80.9 
703.5 2513.b 
mr.9 2512.9 
303.0111 2513.9 

ZP33.P 1as.s 
lP7.0 
.63.5 
lA7 .3  
l(17.4 
1-7.5 

'187.6 
197.5 
1'8.0 
lSJ7.6,,> 



TABLE G-l  

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

2612.0 

2'45.0 

2360.0 

'355.0 ??.6 
79.' 
P . 0  
72.L 
70.0  
7 0 . 0  
97 .0  
F8.3 
P6.L 
79.11 
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TAELE G-i 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CALIFORNIA 

5101 

5103 

5103 

5103 

51OJ 

5103 

5 1 4  

5107 

3120.0 

025IOI*-22YBl 5 33 2953.0 5103 

O's,","-29"0, F 31 

,233.P 5101 
tZ96.3 

5103 

1503.L 
1503.? 
1503.0 

1214.5 5103 
L29L.T 
125L.l 
125'1.5 . 
1255.1 

"-02.P7 

5103 

1267.0 
l 2 7 D . l  
1267.6 

1266.6 5103 

1277.5 

li7r.7 510,  
1172.6 
lir73.0 
,173.' 
1113.1 

"-02 .63  

5103 
i a . e  
1131.9 
14.L1.0 
LILI.9 
lii6.0 

1+16rO 510) 
1466.3 
1LI7.l 
I l l , . &  

5lUl 

15411.11 10/15/74 W-3 
Il,l,17' NY-I 
1211017' 36.6 
4/07/75 36.8 
6 / 0 2 / 7 5  27.0 

1415.9 10115174 160.5 
11,13/1, 160.3 
12/11/7r 160.9 
* / Q ? / 7 5  160.5 
6/82/75 L59.9 



,i 
I 
i 
0 

TABLE C-I. 

GROUND WATER LEVELS AT WELLS 
SOUTHERN CRLIFORNIA 

. 
Z6SZ.S 396.11 

w n . 0  
*W.? 
*"I.? 
191.2 
3RP.E 

,392." 
393.2 

39D.O 
393.0 
3 w . o  

m . 0  

2Z&L.L 9 0  
Z247.d 
2218.6 
PLll.6 
2251.5 
2251.0 
2250.9 
22'9.6 
2259.8 
2252.9 
22LQ.d 
m 3 . a  

W-1 5103 

LLO.9 1215.4 
uu-1 

162.7 12r3.b 

2'5.6 1206.' 4103 
6,s-, 

Nu-2 SI"3 
Nu-& 

"-01.AS 

2631.7 2211.3 5'0 
2236.3 
223I.P 
2zro.3 
225L.3 
2255.1 
2251.3 
ZE12.3 
2ZLl.3 
2250.9 
P211.3 
2265.3 

1.911.5 lOlO'171. 63.6 
*,",,75 62.3 

I'91.0 Il,OI/,' 68.5 IW5.S 510 
12,1",,' 67." I'Zb.6 

*,"'/,CI 7s.7 1618.3 
6,05,75 73.6 ts20.* 

y-02.c 
"-0P.Cl 

*u-n 
?7n.(1 
Z7A.8 
z79.9 
?R2.3 

>- 

c 

2R.G 
27.8 
27.7 
26.0 
Z5.Y 
26.7 
77.1 
27.7 

1251.e 510 
1252.2 
LPSP.1 
1151." 
12s.-l  
1253.3 
1252.9 
1252.7 

dA.3 
25.9 

20.b 
20.6  
20.4 

Z".' 

M .5 
67.3 

En.* 

1251.7 5LC 
125L.1 

IZ1I.L 511 
1717.4 
1717.6 
1217.6 
1217.6 

lZO5.1 51f 
1205.1 

NU-8 
I'l2.b 
I"2.5 

Q7.9 
97.6 

S l I  
1157.1 
1157.5 
lIO2.l 
116Z .1  

5L.9 1217.1 51: 

e POW 79 for Lev to lermr a abbreviations 
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TABLE C-f 

GROUND WATER LEVELS A7 WELLS 
SOUTHERN CALlFORhllA 

IZa9.0 10129/?' 16.' 1272.6 $10: 
IIII'?rC 16.S lPI2.5 

W l l l 7 5  15.6 Iz73.b 
6/03/79 15.3 1273.7 
7/07/75 15.5 1271.5 

9/12/75 16.1 , 1272.9 

12117/11 , 16.3 ' 12,2., 

* 8/07/75 15.8 : 1213.2 

' .  I 

-2%- 
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TABLE C-l  

5 0 7 . 5  11/11,71 10 .2  
1/23/75 ??.O 
3 / 1 7 / 1 3  ~ 1 . h  
5/19/75 11.1 
1 1 2 1 n 5  20.5 
9/15,75 7R.5 

FO7.R 11/11/71 10.4 
1 / 2 1 / 7 5  8.1 
,1117179 6.9 
5/19/75 H.5 
7 / 2 1 / 7 5  10 .8  
9,1'/75 13.R 

. 'O.O,l ,! , , , '  9.8 
1/21/15 8.5 
3 / 1 7 / 7 5  '.3 
5/14/75 7.D 
7/21,,5 8.3 
9/15/75 8.9 

2 
2-01 
2-01.1) 
z-o,.a, 

L R I . 3  K,O, 
4ri5.5 
w5.q 
i B I . 4  
487.0 

q35.0 s,e: 
$36.2 
'36.5 
635.8 

w . o  

454.1 '10: 
"55.1 
*5h.* 
4-1.6 
653.' 
651.6 

197.L C l O i  
LQ9.7 
500.9 
A99.3 
"'),.e 
L9L.O 

a30.2 -10; 
431.5 
*15.7 
*3,.0 
431.7 
"31.1 

$16.3 51"i 
416.' 
L16.5 
417.6 
418.' 
418.8 

102.8 5102 
'"1.3 
M5.H 
405.7 
105.7 
w i . 6  

401." 5102 
L02.I 
L O 5 . S  
4m.9 
"05.0 

5102 

391.8 
3 9 . 1  

311.3 5,oz 
374.1 
171.5 
175.2 
375.2 
315.2 

367.D -102 
362.3 
363.0 
361.1 
361.5 

3h6.9 5102 
3h7.b 
369.0 
368.5 
368.5 

351.9 9102 
392.1 
,,?.a 
357.7 
351.7 

213.8 %,e2 
213.9 

27L.R 

197.0 .;lO'Z 
r04.7 

Page 79 for hey b lermr a abbreuiolions 

239.5 1111317L 51.9 
1/26/75 5n.r 
3/26/75 51.2 
%27/75 LO.+ 
910b175 113.9 
9,15175 u., 

2w.s ll,l*/,L 12.6 
1 / 2 * 1 7 5  62.8 
3/76,15 39.1 
5 /27 /75  37.5 
8 / 0 5 / 7 5  $1.9 
9/15/75 . & I . ,  

z -01  
2-01.* 

127.1 
127.1 
12h.* 
126." 

1Bh. l  5,L) 
187.1 
187.7 

129.1 51n 

150.0 510 
12.9.7 
1'9.1 
1'0." 

226.n SIO 
225.1 
225.9 
225.3 
P 2 S . L  
225.5 

1a7. i  5x0 
185.1 
1m.3 
199.1 
1.45.0 
I95.2 

IBb.2 510, 
i a i . 6  

175." 510. 
175.5 
I7b.n 

171.3 

160.9 510; 
160.7 
16A.6 
166.0 
1bl.b 
161.1 

160.3 SLOi 
162.5 
162-9 
158.5 
162.6 

510; 

162.1 

513P 
1S9.5 
I $ O . Z  
lb2.2 

142.1 5LOZ 
1'13.2 
143." 
1'8.1 
112.5 

162.3 51112 
142.7 
1 C I . R  
1151.5 
1 L I h  

135.0 5LW 
133.2 
116.L 
136.2 
132.6 

122.0 5102 
1Z3.h 
I23.L 
123-7 
127.1 
121.6 

I2U.r. s,w 
1P.5 
12b.7 
12u.r 

125.5 5302 
125.' 
121.0 

-211. 









TABLE C-t I 

GROUND WATER LEVELS AT' WELLS 
SOUTHERN CALIFORNIA 

2-03 
2-03.C 
2-03.CI 

P857.0 ' *05  L3.b 

A1.6 
'7.6 
'7.6 
A7.6 
'8.6 
47.6 
' 7 . 6  
' 5 . 6  

'8.2 
51.2 
51.Z 
51.2 
49.2 
A6.2 
66.2 
19.2 

69.0  
50.0 
AP.0 
'0.0 
52.0 
57.0 
L I . 0  
49.0 

42.0 
'L.0 
'3.D 
69.0 
43.0 
'0.0 
'1.0 
r1.0 

49.2 
5Z.P 
51.2 
-2.2 
52.2 
'6 .2  
91.2 

53.0 
5'r.o 
55.0 
54.0 
52.0 
-0.0 
50.0 
-..9 

233.2 
203.2 

'l.7 
' 2 . 7  
'2.7 
42.7 
61.7 
60.7 
r1.7 
38.7 

31.5 
33 .L  
31.4 
32.4 
v . 4  
79.4 
30.4 
30.4 

76.0 
75.0 
15.0 

67.0 
A3.0 
3.7.0 
'7.0 

*'.O 
C3.0 
41.0 
'3.0 
' 0 . 0  
43.0 
I L . 0  
42.0 

G2.l 
' 2 . 1  
b3.1 
',.I 
61.1 
40.1 
60.1 
'2.1 

2729.0 l+*o5 
2133.0 
2735." 
773L.0 
2732.0 
2732.0 
2733.0 
2730.0 

d m . 3  'A05 
2722.3 
2722.3 
2721.3 
2721.3 
2722.3 
2722.3 
2721.3 

2769.0 101Z9,IL 
I l lP6/74 
1 2 , Z P n '  

1/27/75 
W25175 
L I P  (I I 7  5 
5 /28 /15  
7/79/75 

2750.0 1 O / Z 9 / 7 4  IZ.0 
11126/71 W . 0  
12,ZR17' u.0 
l l 27 /74  b*.O 
2125175 w . 0  
4/28/75 m . 0  

9/29/15 39.0 
5/2817-, 40.0 

2717.7 l0/2'117* 
11/2h/74 
I Z / Z W I *  

,127175 
2125175 
012'1175 
5 I 2  9 I 7  5 
9/29/71 

1729.5 L*05 
2726.5 
2721.5 
2726 5 

173L.5 
2731.5 
2128.5 

z i p 2 5  

2750.6 &LO5 
2750.6 
2150.5 
2751.6 
Z7SI.b 
2752.6 
2752.6 
2719.6 

2732.0 4405 
Z73l.B 
2733.0 
2711.0 
P129.G 
2734.0 
2731.0 
2732.0 

E628.0 **a5 

2622.0 
2621.0 
2620.0 

2630.0 
2618.0 

2621.0 

i ? m . a  

171r9.P 4.105 
2717.2 
Z7LB.Z 
27'8.2 
27LP.2 
2751.2 
2750.2 
7750.2 

276m.O 10129171 65.0 
,,,2f,,,' LS.0 

1,?7/75 45.0 
2,2s,75 11.9 
4/28,15 113.0 
5/28/75 62.0 
9,29,75 43.0 

2715.0 4405 
2119.0 

2716." 
2717.0 
2718.0 
2717.0 

2 7 1 2 ~ 0  64115 
2711.0 
2117.1 
2717.0 
2719.0 
z7,q.o 
2117.0 

a715.0 
2750.8 ' 405  
27'17.8 

2717.8 

2753.8 
27b8.8 

~7111.8 

?7+7.a 

27RD.O 1O/Z9/7+ 68.0 
1 1 1 2 6 n 4  61;o 

1/27/19 63.0 
2 / 2 5 / 7 5  63.0 
4/2Rl7+ 61.0 
5/28/75 61.0 
9/29/15 62.0 

2763.6 rr05 
2702.6 
P7b1.b 
2762.6 
2704.6 
2766.6 
2766.6 
2762.6 

2652.6 4405 
2682.6 

2752.1 '.bo5 
2751.3 
2751.3 
2791.3 
2752.3 
2753.3 
2752.3 
2751.3 

2739.7 **e5 
21*6.7 
2 7 P . T  
2734.1 
zn1.7 
Z,bl.? 

9728.1 bW5 
2726.1 
2725.1 
2726.1 
2721.1 
2724.1 
m 8 . i  

Z 7 7 p . 3  W e 5  
2711.3 
2719.3 
7771.3 
277L.l 
27111.3 
2780.3 
2780.3 

2739.5 'bo5 
2740.5 
Z,,.O.S 

ZHhS." ,O,ZR,IL 192.3 
31/26/7& 194.3 
I % I 2 R / ? L  205.3 

1/27/75 194.3 
2I2Si7< 195.3 
',,2e,m 1'19.3 
'1,29,75' L90.3 

2151.5 4605 
2755.5 
2751.5 
p791.5 

2798.5 l1126#1* 
l2/?*,7* 

,127115 
2/29/75 

1722.0 r405 
2723.0 
$ 7 2 5 . 0  
2123.0 
E726.B 
2123.0  
E722.b  
2724.0 

2667.7 4405 
2666.7 
2h66.7 
2667.7 
2668.7 
2669.7 
2662.7 

2652.0 1405 
2075.0 
Zh8I.O 
2675.0 
P67*." 
2096.0 
1 7 0 0 . 0  

P131.6 ' < O S  
Z731.L. 
Z 1 3 6 . C  
Z73R.h 
273Y.h 
1 7 3 9 . 6  
2739.6 
21,,.6 
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I TABLE C-l  
GROUND WATER LEVELS AT WELLS 

2856.. m h . 1  LLE 
2676.1 
2674.1 
:Zb76.I 
,2675.1 
,2686.1 
,2683.1 

-261- 
e Page 79 for hey la t m s  a abbreviolioos 8 

2-05 
2-as.9 
2-05.3, 

Q.3 385.7 5710 
7.5 PB7.J 
5.0 390.0 
4.8 390.2 
7.7 381.J 
8.1 ,386.') 

25.2Cll e1.2111 369.11 370.8 5110 

17.9111 377.1 
6.9 388.1 
8.0 387.0 

1 Z . Z  382.8 

12.3 361.7 5710 
10.9 363.1 

R.7 365.3 
10.7 363.3 
8.6 365.' 

5.2 36a.8 

9.0 3Bl.O 5710 
3.8 186.2 
3.1 386.6 

20.2 ,369.8 
6.5 3115.5 
21.5<Ll 368.5 

21.3 368.7 5710 
18." 312.0 
12.1111 377.9 
25.0 365.0 
27.8 362.2 
19.7 3 m . 3  

7.7 372.3 511P 
7.6 172.' 
6.7 373.3 
7.0 373.0 
4.0 371.0 
9.1 370.9 

17.2 357.8 5710 
16.8 358.2 
10.1 3 k . b  
1G.9 360.1 
15.11 360.0 
26.1 359.9 

5.8 399.2. 5716 
b.5 360.5 
2.8 362.2 
1.1 360.9 
* .T  360.3 

19.*111 3"S.b 

,+., 3'6.1 9711 
12.0 316.6 

6.S 351.9 
'7.9 350.5 

la.2 . 3LL.2 
53.2111 3as.2 



TABLE C- I  

GROUND WATER LEVELS AT WELLS 

2-05 
2-05.C 
L-05.CZ 

19.1 
19.1 
1%' 
19.7 
14.6 
16.4 
70.5 
12.1 
23.2 
? I . ,  
71.b 

306.6 5224 
306.7 
306 .6  
3Db.3 
306.6 
307.6 
305.5 
303.' 
30Z.A 
301.q 
301.5 

16.5 3b9.11 5121 
66.3 302.0 
3.5 962.8 

60.1 306.2 
3.8 362.5 

60.0 106.3 
1.0 36S.3 

5g.* 306.9 
14.RIlI 351.5 
9.3 351.0 

71.1 295.Z 
3.2 363.1 

15.3 3110.3 5229 
,*.a 300.8 
lr.7 300 .9  
u . 7  301.9 
I1.2 101.6 
13.5 302.1 
12.6 303.0 

,'.O 301.6 
14.5 300.1 
Ib." 299.2 
16.9 -8.1 

12.6 ao3.o 

315.6 lli/01171 
11/01/71 
IZ/01/71r 
1,01175 
UOL/75 
3 / 0 1 / 7 5  
'/G1/75 
5/01/75 
6/01/75 
7/01/15 
8101x75 
9/01/75 

35ri.R 10/01/7* 
1110117L 
I Z I O L / T I  
IJ01/75 
2101/15 
1/01/75 
4/01/75 
5/01/15 
6/01/75 
710,179 
9 /01 /11  

10.3 3'rn.s 532' 
12.9 35.9 
11.' 3 L l . k  
25.7(11 33z.1 
23.3 335.5 
3.6 355.' 

4.' 3SL.k 
11.5111 3k7.3 
12.7 3W.l 

L.9111 3.0 345.9 353.9 

18.9<11 249.1 5Z29 
17.011) 3OI.D 
16.2 301.8 
15.h 302.6 

13.9 30k.l 
1b.4111 303.6 
15.1111 302.9 
20.8111 297.2 

19.3111 298.7 

18.611) 3n2.* 

I R . ~ ~ I >  299.5 

51." 302.0 522' 
51.6 3Ol.L 
50.9 382.1 

13.0 318.6 9279 
lli.2 317.1 
11.0 3l6.L 
Ib.1 315.9 
16.0 315.h 
16.6  3*'.8 
13.0 316.6 
12.5 319.2 
,2.7 118.9 
11.0 318.6 
12.8 318.8 
12.7 318.') 

58-0111 2W.O 522' 
59.L11l 297.6 
53.1 303.9 
50.1 306.9 
50.7 306.3 
$ 9 2  307., 
19.0 338.0 
*6.RLll 310.2 
47.RLl l  30'1.2 
57.1111 259.9 
61.8111 295.2 
65.*111 2'91.6 

1-05.8" 

52.8111 311.6 5Z2 
5 1 . R l I l  311.6 
G3.Rlll 322.6 
b6.1 320.3 
4S.l 321.3 

48.0 319.0 522 
69.2 317.8 

50.9 316.1 
5O.A 316.6 
51.0 316.0 
'7.3 317.7 
50.7 316.3 
51.* 315.6 
52.4 3lL.b 

55.5 3L1.5 

w.1 326.7 

53.9 h . 1  

9.0 369.8 522s 
n.8 310.0 
6.1 317.7 
8.0 370.8 
7.4 371.5 

11.9 363.9 
IS.* 363.4 
15.1 363.1 
6.1 372.7 
15.8 363.0 
6.9 371.9 

15.bCll 363.2 56.6111 310.6 522 
58.1111 3eB.3 
45.3 321.7 
50.2 3L6.8 
1.9.0 3m.e  

50.5111 296.5 522' 
'8.5111 298.6 
38.2 3 0 8 . 8  
r5.2 301." 
LU., 306.9 
P6.8 320.2 
75.1 321.6 
25.5(11 318.5 
30.7111 316.3 
LL.811)  302.2 
".50) 302.5 
'9.Zl1, ZS8.Y 

57.1111 320.9 522 
*5.2111 332.8 
54.5 323.5 
62.5111 315.5 
m.9 3LI.l 
51.6 326.L 

SZ.LI1,  325.6 
55.'+111 322.1 
63.0111 315.0 
65.511! 312.5 

50.2 321.n 

16.111, 35,i.b 522' 
17.6111 358.1 
5.L 370.0 

e . ,  371.4 
3.7 37z.o  
3.7 372.0 

L7.311, 35e.a 
17.21ll 358.5 
16.3111 359.i 
1c.qt11 358.8 
18.6LII 357.1 

&.n 310.9 i10.7 3a3.0 522 
30.5 383.5 
30.1 783.9 
29.5 381.5 
29.9 3BL.I 
29.5 38'.5 
PO.0 386.0 
29.9 3BL.I 
30.8 383.2 

35.1 179.6 
35.2 378.5 

3)s iai.5 



.. 

r19.,  S / " , , F  ,a1'. 

13.2 
35." 
3'.* 
33.4 
33.2 
33.1 
12.5 
32.9 
LC.2 

32.5 
29.8 
32.7 
n . 7  
33.3 
33.3 
32.8 
33.9 
27.' 
27.5 
28.6 
3L.0 

33.L 
33.5 
33.9 
33.7 
34.' 
36.6 
34.2 
34.6 
36.7 
35.5 
66." 
67.5 

$2.3 
61.7 
A2.3 
Ll.7 
AP.7 
a2.7 
41.3 
h0.7 
r l . 6  
'b.0 
"5.6 
66.8 

39b.k 522 
3W.6 
395.2 
396.2 
396.k 
3916.5 
397.1 
396.7 
185.L 

397.8 522 
399.7 
396.8 
396.8 
3L)b.I 
396.Z 
341.7 
395.6 
L0Z.I  
602.0 
4GO.9 
%4.5 

roo.,  33.1 
33.3 
31.3 
,,.3 
33.5 
33.5 
33.6 
33.8 
3r.1 
3L.9 
35.1 
36.0 

:3b7.2 
:36,.0 

367.0 
366.8 
,366.8 
366.8 

T 6 h . 5  
:366.2 
1365.4 
366.9 

i361.0 

i361.3 

GP29 

401.1 522 
W 1 . Z  
600.9 
LOl.0 
6011.3 
400.1 
*00.5 
'00.1 
IOO.0 
399.1 
368.3 
361.2 

502.R 52; 
'OZ .6  
w2.n 
'02.6 
'01.6 
'01.6 - 
w 3 . e  
603.6 
'OP.7 
' 0 0 . 3  
348.7 
397.5 

L37.0 345.1 5229 
,4"0 .2  

399.7 
400.3 
399.' 
3 w . 5  

l4DO.L 
'395.5 
iL0O.O 
,396.' 
391.9 
395.9 

34.1l1, 391.0 5L: 
39.3,11 390.1 
34.5<1> 390.5 
311.2,11 391." 
39.1111 390.9 

3I1.911) 391.1 
3 . q  391.1 
'0.0 340." 
63.3 386.7 
12.' Is7.6 
'3.511% 386.5 

39.5111. 390.5 

LZC.5 2n.a 
26.7 
29.2 
2II.P 
79.7 

PA.6 
75.4 
79.6 
12.R 
32.8 
35.0 

2n.8 

3'47.7 
199.8 
,397.3 

397.7 
1%.* 

1397.7 
w7.9 
'01.1 

s 396.9 
393.7 
393.7 
391.5 

5z29 

lP.6 105.5 528 
' 2 . 5  605.6 
La., l l P S . 0  
42.8 L05.1 
b1.7 404.L 
L I . 0  & O b 1  

39.3 LOB." 
' 0 - t  4117.1 
L1.1 d . d  
r5.5 102.6 
,.,*I *a,." 

$0.0 w n . 1  

429.0 lI1/01171 zn.2 3 '40 .R 5229 
I,,",,,* 29." '.O@.D 
12/01,11 79.L 399.6 
llOI175 PU.2 $00.9 
2 / 0 1 / 1 5  19.2 399.9 
3/01/75 30.0 349.0 
' / 0 , , 75  79.1 399.9 

6/01/75 29.6 394.4 

B,L)1,75 31.7 397.3 
9/0,,75 33.0  396.0 

5,01171 79.1 : 399.9 
7,01175 30.6 39a.4 

$1.0 403.s 52 
40.6 bO1.1 
60.8 '03-7 
$5.7 399.8 
'(1.3 4"C.E 
'1.3 '03.2 
39.1 * O i l , .  
39.0 6 0 5 . 5  
3'.A ' 0 i . l  

C30." I 1 7 . 7 1 1 ,  
13.2<1> 
33.5 
15.9 
13.6 
33.6 
73.2 
33.0 
,‘.bill 
36.5 
77.7 
37.7 

392.3 
,396." 

396.5 
39r.l 
39b.2 
39h.b 

2 346.8 
3 v . 0  
395.L 

, 393.5 
3'2.3 
192.3 

A19.3 4 . 5  
24.7 
25.e 
75.' 
75.9 
25.9 
7L.1 
>3.l 
?0.5 
77.6 
19.P 

' 3 V 3 . 8  
3'3.6 

! 393.5 
343.9 
393.L 

' 313.8 
396.6 

> 396.2 
39P.U 
311.7 
190. L 

5229 

"2.0 '7S.L 52 
.x.* 622.1 
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TAeLi C-l 
GROUND WATER LEVELS .AT WELLS 

z-05 
P05.0 
1-05.01 

I".% LC'r...? 
I 0 . I  s.::... 
I , . .  ' G 5 1 . :  
11.6 1LSI.C 
11.5 1-53.> 

LO,., LEIO,,,' 
1 / 0 1 / 7 5  
2/01/75 
3101175 
4/01/75 

6/01/75 

8/01/75 

5,0,115 

7/01/75 

9,01175 

39.2 
L8.3111 
'9.5 
5J.VllI 
72.5 
?9.S 
30.8 
33.7 

61.2 
37.5 

92i 

~ ",/ 
i 12.5 1'12.5 

11.1 1A13.') 
9.R ,*15.E 
9.1 1k15.P 

7.2 1117.8 
6.3 ILl0.7 
7 . 8 ,  1+17.2 
9.4 1615.6 
0.S 1416.2 

n.h i i i h . r  399.2 10/0117" 
11,0,,7* 
IPIO ,171 

1 / 0 1 / 7 5  
2101174 
3/0,,75 
4/01/75 
S101115 
6101175 

8/01/75 
7,01175 

W"1/75 

w.9 
311.7 
39.5 
39.7 
*O.Z 
' 0 . 4  
3B.P 
3 b . B  
41.5 r l l  
?7.8 
40.6 
'5.11111 

%e 1425.2 
9.8 1426.2 
7.11 I e 7 . Z  
?.2 lG27.8 
6.8 1628.2 
5.6 IL29.6 
4.7 l'N.3 
5.6 1S74.L 
6.R 1L28.Z 
7.0 I*PO.O 

172.6 522 95.0t11 
79.6111 
67.1 
10.6,ll 
69.5 6.6 Ilsf.'i 

e.5 1603.5 
6.7 lhP3.3 
6.9 1W3.L 
7.8 14s3.0 
6.8 1403.2 
6.5 ,1103.5 
7.7 I*02.3 
8.1 ILllI.9 
9.0 tLOl..Oi 296.2 527 

Z W . 6  
300.5 
302.6 
3GI.h 
301.3 
3(1&.(1 
299.1 
103.0 
302.6 
299.8 
298.5 

11.8 
11.6 
11.2 
I0.R 
10.5 
9.6 
9.0 
P.6 

,*.a 
11.1 

1 0 . 9  
10.6 
9.R 
9.5 
9.9 
1.8 
6.9 
R.3 

9.1 
n.8 

1i.n 
! I - 6  
l l .5  
11.1 
, I . &  
, I . *  
,o., 
10.6 
IJ.6 
,,.a 

12.1 
11.7 
11.- 
11.2 
I D . 9  
10.3 

11.5 
11.7 

11.7 
11.5 
I I .Z 
11.1 
10.9 

*.n 
1n.3 

IL65.0 101 ,1171  
1,13017,. 
12111171 
1/21/75 
3 I O U 7 5  
* 1 0 2 / 7 5  
5/",,75 
6 I 3  0 I1 5 
713,,75 
9/1",75 

P lG52.2 4 L O i  
1651.' 
1193.5 
1453.7 
L'53.2 
1153.11 
1'5',.3 
1554.4 
1651.. 
1'53.2 

. 
- 
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TABLE C-1 

GROUND WATER LEVELS A T  WELLS 
SOUTHERN CALIFORNIA 

'50." 

'51.5 

b W . 0  

448.5 

IIL5.R 

"35." 

2 /01 /75  66.3 
3/01/75 66.4 
L/05,75 66.1 
5 l l W 7 i  66.5 
7 / 0 1 / 7 4  66.7 
8/111/75 66.9 
4/01,15 67.1 

366.5 
366.6 
367.3 
367.9 
36R.r ' 
368.C 
369.5 
lh9.i  
370.0 
370.2 

386.5 5,Q, 
3W.& 
35.3 
385.2 . 
% L O  
383.9 
183.8 . 
383.7 
383.6 
393.5 
30., 

36L.L 5'00 
3 W . l  
364.9 
366.0 
366.9 
366.8 
367.6 
368.0 
369.1 
368.5 
368.8 

1 D l D 1 , l i  61.8 
11101174 61.9 
* Z , O l / l r t  61.9 

1102175 62.8 
2/01/75 62.1 
3 m 1 n 5  62.1 
4/05/7? b2.1 
5/10,? 62.1 
7/01/75 6Z.r 
8/03/75 62.1 
4/01/79 62.1 

378.2 5 w  
378.1 
378.1 
n n . 0  
377.9 
377.9 
377.9 
317.9 
31t.9 
377.9 
37r.9 

3bl.l SA00 
3b6.2 
361.t 
3%.1 
3 6 l . l  
3hC.+ 
364.5 
361.8 
36S.b 
3h5.2 
365.3 

r o m m  66.5 
11101/71 66.6 
12,01,7' 66.7 
In2175 66.9 
2101175 67.0 
3/01/79 67.1 
",01,75 67.2 
5,30175 67.2 
7,01179 **-7 
8 / " 3 / 7 E  w-, 
9/01/75 w-7 

382.0 SLll 
381.9 
381.8 
381.6 
381.5 
381.h 
3b1.3 
381.3 

310.3 5600 
370.2 
3 7 0 . 3  
370.3 
37".l 
370.8 
371.0 
37L.5 
371.7 
371.9 
312.2 

10/01/7L 65.9 
121c1174 66.2 

1m2,75 66.3 
UBl"5 66.L 
WP1,75 61.11 
'1115/15 66.6 
5*30/75 '66.7 
71111175 66.8 
8/03/79 66.8 
9/01/75 60.9 

379.1 540, 
3m.e 
578.7 
378.6 
380.6 
378.4 
378.1 
378.2 

378.1 
m . 2  

I L 8 . 0  S'@O 
"8.S 
419.0 
'4R.O 
448.8 
'69.1 
''8.0 
13L. I  
C3L.7  
b'II.5 
119.0 

2-07.115 

371.8 SIOl 
371.7 
371.7 
371.6 
171.5 
371.6 
371.7 
371.8 
372.0 
372.1 
372.2 

'378.6 511)O 
1 7 8 . 5  
'JIR.4 
378.3 
;3'8.1 
,3711.0 
:37e.n 
, 3 7 7 . 0  
:.317.8 
:177.7 
:377.7 

6 6 . i  
66.5 
66.6 
Ob. ,  
66.9 

.&,.I1 
67.0 
$7.1 
h7.Z 
67.3 
67.3 

67.9 
LB.0 
68.1 
68.3 

L0.5 
LA., 

rn.3 

'392.1 510" 
'39P.O 
'391.9 
'391.7 
39I.7 
191.5 
391.3 
391.2 

,341.1 
391.0 
390.8 

* R . S  
(18.9 
69.0 
69.2 

1150.0 U . 6  
6L.R 
61.9 
69.B 
6 5 . 0  
65.2 
' 5 . I  
$5.4 
65.7 
65.8 
Ob.? 

.38'.Z 51100 
3111.0 
3itL.O 
3'11.7 



TABLE C- l  

GROUND WATER LEVELS AT WELLS 
SOUTHERN' CALIFORNIA 

2-11 
1-11.1 
2-11.4), 

82.D 5703 
82.0 
85.6 

85.1 
*'.A . 
R 3 . l  

n 5 . ~  

79.6 5103 
79.4 
82.9 
82.7 
82.2 
"1.1 
60.9 

175~01W-30FOl 5 37 71.6 10,0',7L 5.4 
1,15/15 3.7 
5 / 0 5 / 7 5  2.6 
6100,75 3.1 
1 ,0 , /76  3.6 
81, ' i /75 *.(I 

175/01"-30FOI 5 37 80.1 * D I O L 1 7 1  8.5 
1,15,15 8.2 
5/05,75 5.9 
6,06171 6.6 
7101175 7.7 
8/15/75 1.9 
9,l>/,S 0.5 

9 /11 /75  5.D 

66.2 5703 
67.9 
69.0 
68.5 
68.0 
67.0 
66.6 

9.1 
10.3 
10.3 
10.5 
10.7 
11.3 
11.7 
12.0 
12.0  

38.0 

71.6 5703 
71.9 
74.2 
73.5 
72.4 
72.2 
11.6 

2-11." 
2-11.0 

1,01,7<. PA.0 
2,01179 28.0 
3 / 0 1 / 1 5  2R.O 
4,0l,X . 21.5 
5/n1/7Li 27.5 
6/0L179 7h.P 
7/01/77 25.5 
R101175 ZL.0 
9,"1/75 23." 

3650.9 175/"2"-2500* 5 37 55." 5/09/74 5 . 0  
b/06,75 '.9 
7/01/75 5.3 
8/15/75 5.9 

50.0 5701 
50.1 . 49.7 
.m.1 

1-0V.R 
2-(19.RI 

114.3 5103 
llrr.9 
317.3 
317.1 
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GlLeERT TAUARD 

advance6ml?ch during 
the past 10 years, says 
the author. tie reviews 
today's state-of-the-art, 
laboratory testing 
practices, and describes 
future developments 
and alrernative 
technologies. 

. .  

lthough slurry 
trench methods 
are becoming. stan- 
dard practice for 
protecting aquifers 
endangered by 
contamination, 

viewing this as a panacea would be 
an oversimplification that could 
have gravc consequences. To date, 
no comprehensive studies have 
been carried out in the field in 
achieving a level of knowledge 
that would provide more perfoi- 
mance ,assurance and guarantees. 
to owners and authorities. This is 
due to the .lack of .cooperation 
between all the parties involved in 
a prdject and the cxacerbatcd liti- 
gious climate prevailing in the en: 
vironmenral Drotection field. 

forming a'slurry trench cutoff: the 
first excavates the trench with a 
pure bentonite slurry, and then 
backfills it with various materials 
all of which have a high propor- 
tion of aggregates; and the second 
excavates the trench by using a 
slurry which is a 'grout  mixture 
that, after playing its role as a 
trenching fluid, sets in place and 
forms the barrier. itself. . 

For the last 30 years, slurry 
trenches have been installed in 
the United States for.controlling 
groundwater seepage, and for the 
past 10 years.to prevent ground- 
water contamination .from spread- 
ing.'Th& state of the .art evolved 
dramatically when hydraulic ex- 
cavators became available, This al- 
lowed narrower trenches than. was 
posrihle with draglines and much 
deeDer trenches than was Dossibk 

. 

Slurry trcnch rcchnolosy has 
been developed primarily to pre- 
vent clean groundwater from 
seeping through impounding 
structures or into large cxcava- 
rions. One should disringuish, 
however, between two fitndamen. 
rally different tcchnologie; for 

the devclupmenr of high-capacity 
semi.automatic. slvrry miring 
Rlants. As a result, the cost of 
rrench excnvation fell, which ai-. 
lowcd more money to the elqbord. 
tion of a quality backfill material 
and cxpandell the field oCapplica- 
tion. ' ' . 

SOIL BENTONITE TRENCHES 
Tlie most widely used method 

in the United States is the soil 
bentonite 'slurry trench. Prrmea- 
bility coefficients of cm/sec 
are common, with the proper ag- 
gregate grain size distribution and 
adequate amount of fines passing 
the #ZOO sieve. With regard. to 
pollution control;.improvements 
are being made with this method 
in the chemistry of the bentonites 
used for slurrying and backfill 
preparation. Some manufacturers 
(American Colloid, Federal Ben- 
tonite, for example) are offering 
specially manufactured and 
treated bentonire products either 
as a ,mulripurpose material (the 

or cnginecred for specific condi-' . . 
dons (the Ultra Seal X of Federal 
Bentonite). If these manufacturers 
are.given:tne opportunity to test 
the leachates against their prod, 
ucts, they will provide a guarantee 
lot 'TO to 40 years,'which is a 
strbng encouragement for thew+ 
ers. if not a legal hand rail. 

Bentonite is not the only crite- 
rion in establishing quality,' for 
the rypc aFn!ixing method used in 

. .  Saline Seal of American .Col!oid) . .  



soil bentonite backfill preparation 
will also have an impact on thc 
quality of the mix.The author has 
experienced significantly highcr 
.densities with backfill prcpared in 
a hatching pugmill compared wjth 
the same mix prepared by blading 
on the ground by a bulldozer (Ad- 
dicks Dam repair, Houston). Blad- 

"ing is the standard procedure 
when practical; it is alsomore eco- 
nomical. . There has been a debate over 
the additional bencfit of the bcn- 
fonire cakes that form on the walls 
of the trench during construction. 
The debate is academic-a cake 
forms against pcrvious soils dur- 
ing and after the excavation takes 
place and until the trench is more 
or less sealed. Numerous field ob- 
servations havc led the author to 
conclude that most of the 'cake is 
removed physically by the scrap' 
ing action of the backfill talus' 
moving along with the excava- 
tion. This does not mean that all 
the cake is gone, but one should 
hot assume the cake is prescnt 
when evaluating the future per- 
formance of the cutoff trench 
(which leavcs the backfill material 
all the more important). 

i 

CEMENT BENTONITE 
TRENCHES 

Cement bentonite trenches ori- 
ginated in Europe, and have been 
introduced in the US. during the 
last 10 years in direct competition 
with the soil bentonite trenches. 
The self-hardening slurry is more 
expensive ' than pure bcntonice 
slurry but ic eliminates all backfill- 
ing operations, which greatly sim- 
plifies construction. Whcn chc 
ground is unstable, a cement ben- 
tonite trench i s  preferred over a 
soil bentonite trench, since the 
open fluid trench is shorter. Thc 
cement bentonite' slurry, generally 
also used for trenching. ,bus poor 
filtrate loss characteristics. This 
means char rhc walk of the trench 
are not sealed as wcll as when pure 
bentoniw is used and implies a 
continuous loss of wirer to the 
ground until sctting takes place. 
The  end-product ends up with a. 
water/ccment raiio iubst:mrially 
lower than that.of chc in i t ia l  slur- 
ry. This factor is depcndcnt on the 
soils characteristics and thc 
groundwarcr table 'elcv;ltion, and 
it should be raken into account 
when writing . .  specifications, prc; 
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paring costs, estimates and when 
performing the work. ' 

During trenching, soil particles 
are carried in suspension and start 
segregating as soon as the slurry is 
left to rest. .Similarly, the larger 
grains of cement will havc.a ten- 
dency to segrcgatc and conccn- 
crate at the bottom. The end- 
producr is a. heterogeneous mate. 
rial of variable characteristics from 
top to bottom. One way to miti; 
gate both .this and the water loss 
to the ground, is to accelerate the 
self-hardening slurry, within prac- 
tical limits, by using finer cement 
and additives, thus minimizing the 
filtration time and the segregation 
of cement. Viscosifiers and plug- 
ging agents can be added to 
achieve this, the decision being an 
economic one. 

Cement bentonite trenches are 
performing vcry wcll in prcvcnt- 
ing groundwater contamination 
by hydrocarbons. Although much 
less sensitive than concrete to 
chemical aggression in thc case of 
acid or alkaline solutions, prior 
evaluation is necessary before con- 
sidering this type of material. 

TESTING 
All materials used for slurry 

trench cutoff construction are es. 
sentially tested on a permeability 
performance basis. These tests are 
generally performed on samples 
made in the laboratory-not at 
the design stage, but prior to con. 
struction. Most of rhese materials 
are weak and therefore v ~ r y  diffi- 
cult to sample in situ for quality 
control. It is rare to find a specifi- 
cation that will specify the follow- 
ing modus operandi for perme- 
abilitg testing: sample dimensions; 
equipmenr; preconsolidation; pcr- 
coiation fluid; temperature; presa- 
turation; gradicnr; duration; and 
chemical analysis of .filtrate. It is 
therefore easy IO understand why 
different testing procedures on  
the same material will yicld differ- 
cnt results and differcnt matcrials 
tcstud .differently can .bc made to 
mect a too simplistic specifica- 
tion. 

The  Clifton .-laboratory of 
Woodward Clyde Consultants 
and its dircctor Richard Ladd 
havc developed permeability pro- 
cedures that should be acccptcd as 
a standard in this domain. Some 
of these are preconsolidntion of 
thc sample; complete saturation of 

the .sample; high and 1Lw gra. 
dients; petmeameter-triaxial cell 
with plastic membrane; and pctco- 
lation distilled water and leach- 
ates. An ASTM committee on slurry 
trenches has been organized. to 
come up  with standards, but none 
has yet emerged. 

Besides pcrmeability tcsting- 
using the leachates as pcrcolaring 
fluids- there are no standatds for 
evaluating the performance of 
cutoffs. Since their long term be- 
haviour cannot yet be assessed in 
the laboratory, that leaves individ- 
ual judgement. The'substitute to 
this lack of scientific knowledge is 
the owner's quest for a lifetime 
guarantee on the performance of 
the cutoff. 

The  emphasis on permeability 
is a remnant of secpage control 
spcifications. However, except' 
perhaps for tailing dams, most 
slurry trench cutoffs are subject to 
a minimal gradienr, if at all, when 
not a negative one. Hydraulic gra- 
dients will generally be from 1 to 
5, up to 10, and gradients used for 
permeability resting generally 
vary between 20 and 50. Under 
most cases, a gravity flow through 
the.cutoff may ne'ver occur. If this 
is so, then why are cutoff wall 
materials primarily tested for per- 
meabiliry when they are used for 
waste confinement! An inrerest- 
ing parameter to introduce in the 
testing of cutoff mall materials is 
the threshold of gradient at which 
percolation through a saturated 
sample will occur. This threshold 
could be called '.'percolation.resis- 
tance," from which a safety coeffi. 
cient. with respect to filtration 
could be derived.' 

Anorher factor often over. 
looked is chat lab test samples may 
be substantially different from the 
materials in situ. To compound 
this problcm, cutoff wall materials 
generally being very weak, the? 
arc extremely difficult to snmplc 
in situ. Only large size sampling, 
can result in rcliablc data. Further, 
as a gencral. rule, the charactcris- 
tics of.the materials will vary with 
depth. 

If one figures that-in many 
cases and probably in most' haz- 
ardous waste situations-the cut- 
off is .subjccrcd to a, negative 'gra-. 
dient (in that the leachare p i c  
iom6tric level is kept below the 
genetal aquifer), the permcability 
charactctistic i s  obviously nut the 
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prevailing one anymore. 
To illustrate: concrete is strong- 

er and more impervious by 1 or 2 
orders of magnitude than soil ben- 
tonite or cement bentonite; how- 
ever, the absence of clay 2nd a 
high concentration of pure ce- 
ment leads to much faster chcmi- 
cal degradation in either an acidic 
or alkaline environment. One 
therefore questions why a con- 
crete cutoff wall was specified for 
the Love Canal cleanup project, 
for example. 

More imporrant than Darcy's 
K, onc should chink of corrosion 
when contemplating any backfill - material that has to withstand 
chemicals over a very long period 
of time. 

Areas to investigate would in- 
clude: migration by capillarity; 
elcctri,cal potentials; ion migration 
61 exchange;surface reactions and 
neutralizations; permeability to 
gasses (dissolved in leachate); os- 
mosis: and chemical corrosion. It 

, appears that the.chemica1 engi- 
neer and the physicist must work 
with civil, geotechnical and .hy- 
drological engineers to complete 
the full evaluation required for 
this very sensitive subject. The  
scope of studies I am alluding to 
can rarely. fit in the time .frame 
allocated for testing within the 
traditional contraCting frame- 
work. But in a design-construct 
approach, teamwork allows you to 
simultaneously use all the neccs- 
sary talent to achieve a higher lev- 
el of sophistication. Also, formal 
research should be carried out in 
university laboratories to develop 
basic statistical knowledge and a 
refined understanding of. the in- 
retactions between leachate and 
barrier materials. 

I must stress here how unso- 
phisticated cutoff wall material 
technology is today, greatly due to 
separating the role and responsi- 
bility of the design engineer- 
who is ofrcn unfamiliar with thc 
rechnology or has .an oversimpli. 
ficd view of it-and the construcr. 
cion engineer-who has neither 

* the  incentive nor the time to 
hecome.invcntivc. 

Another obstacle in designing 
an elfective cutoff wall for hazard- 
ous waste is the frequent lack of 
adequate infornration. .There is a 
nzturiil rcluct.nncc for owners to 
know mure about what  . t h ~  
rhould, thus increasinc their lia. 
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$ ,FIGURE 1 4 SELF-CONTAINED MONITORING BARRIERS 
ation w M  ' ' 

Conlaminaled 

(aJ (bJ 

Hazardous waste barrier with self-contained monitoring. (A) is an 
EnviroJNall (Icos patent) .double sheet envelope system. (B) is an 
equivalent system with two single sheets and a bottom plug. 
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bi!ity. In addition, sites can be .of 
such dimensions that sampling be- 
comes a hit-and-miss operation 
and suhstances may be left out of 
the inventory. In the case of man- 
ufacturing installations, where the 
manufacturing 'process is known, 
the substances disposed of are cas- 
ily inventoried. But when genera- 
tions of different industries have 
used the same site or when a vari- 
ety of sources share waste disposal 
areas, the inventory of chcmicals 
present at the site can' only be 
done through extensive sampling. 
When analysing concentrations, 
keep in mind the hit-and-miss ap- 
proach from which'.the data is 
issued. 

BEYOND TODAY'S 
STATE OF THE ART- 
SOIL BENTONITE TRENCHES 

Dressed bentonites were men- 
tioned earlier as a recent advance- 
ment made in waste confinement 
technology. An area char has not 
been explored from a chemical 
view is the fines includcd in the 
aggregate. In a .rugular backfill 
mix; the bentonite solids repre- 

 sent 1 to ?c/o of the whole mass, 
gelled in 4 to 67, of void. Ten to 
IS.% of the backfill mass'are pass- 
i ng ' t he  #ZOO sieve and, when 
mixed wich.'the bentonice slurry, 
form the paste filling the 'voids of 
the-aggregate. These fines may be' 
silts, clays or ocher soil properties, 
w h i h  sliould be analysed chemi. 
cally, , and the . fines-bentonite 

. .  

paste should be tested for chemi- 
cal resistance for specific site.con- . 

ditions. This approach may lead 
to consider the fines as filler (a 
third ingredient in the mix) that is 
separate from the aggregate. If 
clean aggregates are used, the filler 
can be designed to combine with 
the bentonite to .achieve an op- 
timum, chemical resistance Cot a 
specific case. 

Further, the common practice 
of sluicing hydrated bentonite 
slurry with the backfill, aggregate 
should be.reexamincd. In terms of 
chemical resistance; bentonite is 
not at its best when fully hy- 
drated.. This.  is why "chemically 
resistant" bentonites require The 
shield of a polymer. Engineers 
eventually specify for the backfill 
mix addkional dry bentonite (2 to 
6% by weight). This practice is 
often criticized because of the ad- 
ditional material cost and of 
spreading with no appreciable 
benefit on a strict permeability 
testing basis,,once the fine conte'nt 
(passing the #200 mesh sieve)% 
above .loc/o of solids by 'weight. , ' . 
However, on the basis of chemical 
resistance, it may well provide an 
improvement . b y  ' introducing 
poorly hydrated bentonite.' This 
allows the voids to be filled by 
more solids and enhances the 
bickfill density. Further, it im-. 
pedes the movement of. liquids 
and resulting chemical interac. 
tions. 

This leads so why bentonites or 
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fill mixes whcn chemical rcsist- 
ance is the prime considcration. 
So far, the distinction has not 
been made betyeen the bentonirc 
used for the trenching mud- 
which stabilizes the sides of the 

%, excavation-and the plastic clay 
filler that complcments, a wcll- 
graded aggregate for 'backfilling 
the trench and creating the imper- 
vious barrier, Again this derives 
from the traditional focus on  pcr- 
meability testing in the area of 
clean water, high gradient, seepage 
control situations. 

The fine fraction of the back- 
fill constitutes a paste char should 
be considered and analysed as a 
distinct material. My suggeqcion is 
that specific research be undettak- 
en for determining which miner-,. 
als, in a colloidal form, arc morc 
desirable from a chemical stability 
standpoint, then choosing the 
corresponding natural matctials- 
which may belong to groups other 
than bentonites. 

Because of potential costs, little 
research has been done on obtain. 
ing backfill mixes using a synthet- 
ic product as paste, giving the 
backfill mix a resistance to a spc- 
cific. site condition. Emulsions 
would be appropriate for mixing 
wirh concrcte cquipment. The 
only practices rescmblying this 
idea were the hot asphalt and cold 
emulsions concretes used in slurry 
walls for seepage conrrol in Eu- 
rope and Australia in the 1960s.. 
High costs forced it to bc aban- 
doned for clean.water projtcts but 
i t  may be "re-opened" for waste 
containment. 

C.B. TREh'CHES 
Since cement bentonite slurry is 

a liquid grout, it  can be modified 
in many ways by adding additives. 
Such slurry can be retarded or 
accelerared and the rheology of 
the system can be modified to 
increase its rigidity at  rest without 
increasing irs dynamic viscosity by. 
using special cements (Typc V, for 
example). In environmental proj- 
ects the strength of.thc material is 
immaterial. You should thcrcforc 
minimize the cement conrenr 

A slurry with fly-ash will contain 
more solids than without it and be 
less permeable and more resistant 
to chemicals. if the problem is the 
permanence of the cement ben. 
tonicc grour in either high or low 
pH solutions, the slurry can be 
boosted with slo\vv-releasc salts to 
enhance a superficial neutroliza. 
tion that will protect che rest of 
the cutoff within the "percolation 
resistance" limits of the material. 

Cement bentonite, self-harden. 
ing slurries arc appealing because 
of the simplicity of the consrruc- 
tion process. However, little re. 
search is being done to boosr the 
resiscancc of the matcrial to 
eventual chenicai attack. 

t W 7  

OTHER CUTOFFS' 
Two techniques that do  not 

pertain to slurry trench technolo- 
gy but eithcr claim or could claim 
to be a valid substitute to slurry 
trenches are the thin diuphrugni(or 
beam injection) system and thc jet 
grouting punel wuk 

Over the last IO years, there has 
been a rebirth in the US. of the 
thin diaphragm, which is a Euro- 
pean technology using a soil ben- 
ronite grout as an end producr. 
With the advent of modern slurry 
trenching cquipment during the 
1960s. the intercst in this curoff 
technology has diminished. Thin 
diaphragms are still being in- 
stalled in Europe, often. for the 
repair of levees in connection 
wirh flood control or for dewatcr- 
ing excavation-where clean 
water i s  the permcant, the use is 
often temporary, and the degree 
of efficiency is not required to be 
what is expected of hazardous 
waste barriers. Since the US. style 
soil bentonite slurry trench has 
never been introduced in Europe, 
the thin diaphragm can be more 
economical than the wider cement 
bentonire slurry cutoff. 

In the US., polymeriz.ed asphalt 
emulsion compounds are provid- 
ing a modern comjionenr to chis 
old technique, opening some 
fields of application i n  pollution 
control. Quality .control in tcrms 
of diaphragm integrity is dificulr 

when it is economical to do  so. t o  establish since small collapses 
caused by local soil instability br 

ncross the narion. fly-ash is avail- the vibratinn itself can CnujC - Qy e h o  able in many areas of the country. windows in the cutof that cannot 
When used, it can substantially 5: detected during construction. 

As coal is being used again 
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Consequently, a responsible guar- 
antee of' long-term performance 
would be hard to come by. For 
shallow cutoffs and nonhazardous 
rvaste sites, the process provides a 
solution for seepage control tllat 
should be considered. Howevcr, 
'be aware that in terms of price per 
vertical square foot of diaphragm, 
which may be cheaper than that 
of a slurry rrench, it rcprcsents 
only 2 to 4 inches in rhickness 
compared to 2 or 3 feet for rhc 
slurry trcnch. The method will 
always bc more expensivc based 
on a per cubic foot of cutoff. 

A promising technology for 
economical and reliable cutoff 
construction is the jet grouting 
panel wall construction mcthod 
chat -'as invented by the Japanese. 
The  name is misleading in chat the 
jctting action excavates vrich pics- 
surized water and air, while the 
grow filling the excavation is be- 
ing jetted at a lower level of cner- 
gy. Although . thc Japancsc had 
cemenr grours for seepage control, 
a similar process for ground treat- 
ment does use chemical grouts. It 
is. perfectly conceivable. [hac syn, 
thetic grouts could bc used at 
affordablc prices. This techn~logy, 
providing a cutoff of 4 ro 8 inchcs 
and being subject to sophisticated 
quality control, is appealing for 
waste containment projects, espc- 
cially on industrial sites whcrc nu-  
merous obstacles and.utilirics are 
usually in rhe way of a vibrating 
beam or a slurry rtcnch ~ opcra- 
tion. 

SYNTHETIC LINERS IN 
COMPOSITE SLURRY 
CUTOFFS 

The  concept of installing a syn- 
thetic liner in a slurry trench 
excavation is an old one bur 
installation difficulties have scri- 
ously limircd the developmcnr of 
this process. However, the serious. 
ness of the hazardous I P ~ S C C  ' cltlla' .' 
tion and chc markcring clforrs ot' 
certain Iincr manufacturers i n  t h o  
United States have given an impe- 
tus to finding practical ways to 
overcome the difficulties of instal- 
lation. 

T h e  major advantage of a syn- 
thetic l iner is that its matcrial can. 
to some extcnr, be custoni n i d e  to 
.resist spfcific sitc conrnn~incnrs. 
Wirh any cutoff, t he  condition of 
continuity is 'paramount, ' but 
warning and site.welding :?re pruv- 



DOUBLE SLURRY TRENCH 

Double slurry trench with in 
between rnoniloring of pervious 

en techniques today. 
If using a liner reduces the slur. 

ry trench backfill to a pure physi- 
cal support role, its cost could 
rhkn be minimized. However, in 
waste containment situations, 
more than anywhere else, the belt 
and suspender approach is justi- 
fied and conventional soil ben- 
tonite or cement bentonite should 
be considered if economically via- 
ble. 

Another attractive feature that 
liners can provide within the same 
trench: a double liner sheet envel- 
ope backfilled with pervious mate- 
rial that permits you monitor, 
through observation wells, 
eventual contaminent ingress 

c .4N IDEAL DESIGN 
Observalmn well 

through the inTde liner and that 
also allows repair inside the con. 
tainment area with the protection 
of the outside liner. (How to repair 
remains to be invented!) 

The water level in the filter 
material is lowered in order to 
create introvert gradients through 
the liner sheers. Regularly spaced 
risers allow autoniatic monitoring 
and sensing. Although 3. double 
sheet envelope has been installed 
at a test site by ICOS CO~P.  of 
America, no such system has yet 
been installed industrially. (See 
Fig. 1.) 

It is clear that for such an 
approach to be marketable, the 
economics must be in favor of dig- 
ging one trench and placing the 
envelope in it instead of building 
two parallel trenches with or with- 
out liner on the contaminated 
side, If you can observe a failure of 

0 the inside trench without taking 
the risk of contaminating the out- 
side one, you may question the 
additional cost,of having to install 
a synthetic liner at  all. (See Figure 

The .difficulties of installation 
mentioned above persist in the 
case of the Enviio-wall: weather 
permitting, liner sheets are welded 
on the ground, complex rigging is 
required 'to place the envelope 
into the trench, and Schlegel's ex- 
cellent liner sheet has a major 
handicap-it floats-which te- 
quires ballasting. Practice will 
probably smooth OZC the prob- 
lems and the viability of the pro' 
cess will be conditioned by its abil- 

2.) 

The luluie in hazardous waste 

ity to install the envelope as&x as 
the trenching goes and by overall 
economics. 

There are other ways of install- 
ing liners that should be looked 
at. One is hxving thin sheets un- 
rolled from a container immersed 
in rhe trench (a folded sheet could 
provide the douhle sheet envel- 
ope but linear capacity would be 
reduced by half). Another is yet 
more promising: an in situ ex- 
rrudcd liner sheet, where a resin 
compound is forced through the 
'slit of the submerged extruder, 
producing the sheet on demand to 
match the.speed of trench excava- 
tion. The labor saving device and 
the adaptability to match variable 
depth should provide.both a tech. 
nical and economical solution 50 
the initial problem of installing a 
synthetic liner in a slurry trench.. 

1. 

I'resently, leachate c o m l o n  is 
through well systems or shallow 
trench drains. However, trenches 
in hazardous or toxic sites are 
hdesirable because of labor safety 
and liability problems.7he ability 
to construct a deep gravity drain. 
age grid system, using the slurry 
trench method of excavation, with 
a biodegradable mud in which 
drain pipes and risers for monitor- 
ing and servicing are installed, al- 
lows for a safe and economical 
gravity system. 

The combination of these up- 
coming processes is the juxtaposi. 
tion of a synthetic liner and a 
drain in the same trench. A slurry 
trench is excavated using biode- 
gradable mud. A single liner sheet 
is installed on the good aquifer 
side while the drain tubing and 
risers are positioned along the 
contaminated side with a slope for 
drainage. The trench is then back- 
filled with filter material. It is thus 
possible to install an impervious 
barrier that.is chemically resistant, 
and a ,leachate collection system 
around a hazardous waste site, 
without putting any worker below 
ground level and at a fraction of 
the cost of conventional construc- 
tion methods. (See Figure 3.) 

In short, slurry trench technolo- 
gy is a n  evolving ,science. Howev- 
er, innovations are rare because of 
the isolation in which manufac- 
turers, contractors, engineers and 
authorities are working in order 
to respect rigid conrracting proce- 
dures and 'maintain clear-cut lia- 
bility boundaries. Engineering 
schools should participate in re- 
search and sustained collective ef- 
forts should be able LO bear fruit 
in the future. 

I 

.. . 
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GROUNDWATER RYOROLOGY - 
Porous CUP - 

Unraturated 
porous medium 

Fig. 2.9 .Illustration of a tensiometer for measuring water 
tension in unsaturated porous media. 

Available Water. Soils absorb and retain water, which'may be 
withdrawn by plants during periods between rainfalls or irrigations. 
This water-holding capacity is defined by the availoble.wa ter, which 
is the range of plant-available water, the moist end being the field 
capacity and the dry end the wilting point. Field capqcity can be 
defined as the amount of water held in a soil after wetting and after 
subsequent drainage has  become negligibly small.. The negligible 
drainaEe rate is often assumed after two days; however, different 
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soils when plants growing in that soil are reduced to. a permanent 
wilted condition. Because factors such as soil type and volume and' 
plant type and age influence -wilting point, this moisture content 
can also be variable. 

Zone of Saturation 
In the zone of saturation, groundwater fills all of the interstices; 

hence, the (effective) porosity provides a direct measure of the water 
contained per unit volume. A portion of the water can be removed 
from subsurface strata by drainage, or by pumping of a well; how- 
ever, molecular and surface tension forces hold the remainder of the 
water in place. 

Specific Retention. The specific retention S, of a soil or rock is 
the ratio of the volume of water it will retain after saturation against 
the force of gravity to its own volume. Thus, 

s, = w,/v 
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where 'wT is the volume occupied by retained water,* and V is the 
bulk volume of the soil or rock. 

Specific Yield. The specific yield S, of a soil or rock is the ratio 
of the volume of water that. after saturation. .can he drained bv erav- 

where wu is the volume of water drained. Values of ,S, and S, can 
also be expressed as percentages. Because w, and w, .constitute the 
total water volume in a saturated material, it is apparent that 

a = wr i w v  (2.10) 
-. 

tion of pores, compaction of the stratum, and time of drainage?g 
Representative specific yields for various geologic materials are 
listed in Table.2.5; individual-values for a soil or rock can vary con- 
siderably from these values. It should be noted that fine-grained 
materials yield little water, whereas coarse-grained materials permit 
a substantial release of water-an.d hence serve as aquifers. In gen- 
eral, specific yields for thick unconsolidated formations tend to fall 
in the range of 7-15 percent, because of the mixture of grain sizes 
present in the various strata; furthermore, .they normally-decrease 
with depth due to compaction. 

Specific yield can be measured by a variety of techniques involv- 
inn laboratorv. field. and estimating techniaues.3J8.19 Methods based 

9 - 

. .  

Geologic Formations as Aquifers 

A geologic formation that will yield significant quantities of water 
has been defined as an aquifer. Many types of formations serve as 

A key requirement is their ability to store water in the 
rock pores. Porosity may be derived from intergranular spaces or 
from fractures. Table 2.6 summarizes the geologic origin of aquifers 
in terms of type of porosity and rock type. The roles of various geo- 
logic formations as aquifers are briefly described in the following 
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NOTE 
This report contains references to the "'Bulk Storage 
Code." As of July 1983, New York State has  a Bulk 
Storage ' Law, which manadates such a Code. 
References to the Code are for discussion purposes 
snly. Formal enactment of this Code is about two 



D. 
. .  

Design Recommendations - Fiberglass-Reinforced Plast ic  Tanks 

Fiberglass-reinforced p las t ic  (FRP) tanks are manufactured by a highly 
specialized industry. These tanks must be designed and fabricated by engi- 
neers w i t h  expertise i n  the strength of fiberglass materials, material 
compatibility, and underground tank inst i l la t ion.  For t h i s  reason, only FRP 
tanks constructed by a reputable manufacturer should be used. 

The following recommendations cover sphericaT o r  horizontal cylindrical 
atmospheric-type tanks of fibergl a&-reinforced plast ic  construction which 
are intended f o r  underground storage of petroleum. 

.I. FRP Tank Design 

FRP tanks should be UL l i s t e d  and designed i n  accordance w i t h  Under- 
writers ' Laboratory Standard 1316, Standard for GI ass-Fi ber-Rei nforced P1 as- 
t i c  Underground Storaqe Tanks [3], or Underwriters' 'Laborato.ry o f  'Canad.a, 
.Standard U.LC-.S615-1977, 
for Petrolaum Products, [4]. The.se standards set forth requirements for 
structural strength, c r i t e r i a  f o r  chemical compatibility af tank .material 
w i t h  product stored, and surrounding soi ' l ,  and test methods for .  quality 
control .  Usually the wall thickness of an underground FRP tank i.s 0.22 
inches, although a thicker wall may be necessary for  large tanks or  tanks 
.storing products w i t h  a specific gravity greater than 1 . 5 .  

> .  
Standard for Reinforce-d P 1 as t ic .  Underqround. Tanks 

. .  

Some FRP tanks have incorporated reinforcing ribs in t h e i r  design. 
These ribs provide the addi.tiona1 structural strength that.  is necessary' for 
tank integrity i n  those cases. These ribs are'designed t o  withstand both-the 
internal stresses from the stored product, and the external backfifl., hydro- 
s t a t i c  and buoyancy forces: The ribs are al'so often designed t o  accept the 
hold down straps used t o  bal las t  the tank when flotation is  a possi.bi7ity. 

An FRP tank should be equipped w i t h  l i f t i n g  lugs that are attached t o  
the tank o r  can be attached t o  a f i t t i ng  on the tank. Tanks w i t h  a capacity 
o f  L,000 gallons or less may be equipped w i t h  only one l i f t i ng  lug. The 
precise method of handling and l i f t i ng  the tank should be prescribed by the 
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F0R;E'IYORD 

A. This Standard contains basic requirements for produai covered by 
Underwriters Laboratories Inc. (a) under its Follow-Up S d c e  for this 
category within the limitations given below and in the Scope section of this.. 
Standard. These requirements are based upon sound engineering principles, 
research, records of tests and field experience, and an apprecizdon of the 
problems of manufacture, installation, and use derived from consultation. 
with and information obtained from manufacturen, users, inspectioa' 
authorities, and, others having specialized experience. They are. subject ta 
revision as further experience and investigation may show is necessary .or 
desirable. 

B. The observance bf the requirements of this Standard by a manu-. 
facturer is one of the conditions of the continued coverage of the 
manufacturer's product. 

C. A product which complies with the text o f  this Stm-dard vdl  plot 
necessarily be judged to comply with the Standard if, when exaimined and 
tested, it is found to have other features which impair the level of safety 
contemplated by these requirements. ; 

. . .  
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. .  
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D. A product employing materials or having forms of construction 
differing from those detailed in the requirements of this Stmdard may be 
examined and tested accordinz to the intent of the reauiremcnts an& if - 

u 

@ found to be substantially equivalent, may be judged to conpIy with the . .  - - Standard. . ... 0 - 
E. UL, in performing its functions in accordance with its objectives, 
does not assume or undertake to discharge any responsibility of the 
manufacturer or any other party. The opinions and findings of UL represent 
its professional judgment given with due consideration to  the necessary 
limitations of practical operation and state of the art a t  the Time the 
Standard is processed. UL shall not be responsible to anyone for the  use of 
or reliance upon this'standard by anyone. UL shall not incur any obligation 
or liability for damages, including consequential damases, arisingrout of or in 
connection with the use, interpretation of, or reliance upon this Standard- 

. .  

. .  

. .  

F. Many tests required by the Standards of UL are inherently hazardous 
and adequate safeguards for personnel and property shall be employed in 
conducting such tests. 
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. . ,  
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' GENERAL 

1. Scope 
. .  

1.1 These requirements cover spherical OT 

horizontal cylindrical, atmospheric-type tanks' of 
glass-fiber-reinforced plastic ' (FRP) that are 'in- 
tended for the undergound storage of petroleum- 
based flammable and combustible liquids. . .  

1.2 These requirements do' not cover tanks for 
use with alcohol or alcohol-blended fuels. Such 
tanks are covered by these and additional require- 
ments. 

1.3 
tested for leakage before shipment. 

1.4 These tanks are intended for installation 
and use in accordance with the Standard for the 
Installation of Oil-Burning Equipment, : ARSI/ 
NFPX 31, the Flammable and Combustible Liquids 
Code, ASSI/SFPh 30; and the manufacturer's 
instructions. 

1.5 These requirements do not cover optional 
accessories'for these tanks, such as heating coil; or 

, 

These tanks are completely assembled and 

is..- . ,---.- 
3.1 A tmk s ' d  be pravided with one ormorrt.?: . . . . .  
lugs for Iifkg t b t  are attached to the .ak .or  
be attache6 io 1- fitting on the  tank- Also; see..::.,. 
Strenzth of LiEng Fittins Tests, Section 10.. :: ''. 
3.2 .%.E& &dl be  capable oE beinganchored ... .;-, 

. . .  
,~ 

. ,  . . .  
... - .  

. .  . . . .  
. I  

. .  
. .  LPipeCamect ions  - . 

A StEnng for prpe connection shall b e  
. -  . . . . . .  . . . .  : .^ . . . .  

4.1 
standard &=de2 pipe coupling (see the Standard. 
for Welde2 vldsramless il'roughht Steel  Pipe, AMI, 

pipe nippls, or a bol ted~ and. gasketed. flanged. 
connecrion The connection shaE b e  bonded 
directly to 21- -&.. 

4.2 -%E operExp in  a tank sh&' be located in 
the top- E e y  s'r-JI be located. on the lon@tudinzl.. 
centerline OE the top i F  the tankis cylindrical. ~f 
the tank is sphe3cd, the openings silall belocated 
on the ver6cG c a t e r l i e  of the tank-. . .  

B36.10--1579), î  threaded flange, a stzadard half ..... 

. .  
. .  . .  

hotwells; nor do they cover compartmented tanks. 
Exception: IE tks appka t ion  of a tank is such 'chat 

~~ 

openings ?I &e top for pipe connection are xe-. . 

quired to Ee swiped ,  the openikgs. may be  located , . 
not  more th2n 12 inches (305 mm) from the ..' 

longitridid cecxzrline of the top of a cyhdri-1 
tank or the ven2cal c e n t e r h e  of a spherical t e ,  
provided &e upjer .  end, of  each.pipe coupling or ,' 

other fittks :or pipe connection terminates above  :, 

the top of ch.esbdL 

2. General 

2.1 If a value for measurement is followed by a 
value in other units in parentheses, the second unit 
may be only approximate. The first stated value is . . .  
the requirement. 

2.2 A component of a product covered by this 
standard shall comply with the requirements for 
that component and shall be used in accordance 
with its recognized rating and other limitations of 
use. A component need not comply with a specific 
requirement that: 

A. Involves a feature or characteristic not need- , 
ed in the application of thc component in a 
product covered by this standard, or 

4.3 An open3g in a t;mkihhall be dosed with a 
wooden phgw re ta l  cover, o r  the equivalent, to 
protect the -&rds and exdude foreign matter  -: 
while the .mkh 51 storage orin transit. 

4.4 A 
than that qecZedinTabIe4.1 for attachment of a. . .  

vent pipe. 

4.5 
shall not belscaxd in a manhole cover. 

. . .  
si311 have a fitting oE a size not leis 

I. 

An o?eFqG for connection of a vent pipe - 9. 

B. Is superseded by a requirement in this stan- 
dard. 

Escepsonr Ifi 2s?h&cd tank, dl openings may be  
grouped t c p - h e i n  a manhole cover. 
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-. .* --. 
. .  . . . .  ... . . .  _. - 8. Leakage Test. 

. . . . .  . . .  
. .  TABLE 4.1 
. .  . SIZE OF VENTPIPE FITTING 

8.1 A tank, including fittings,.shdl be testedas . . - , '  . .; ... Tank CapadN described in paragaph 8.2 2nd shalI not leak.  . .. Nominal Pips Size, . . .  
U. S.  Gallons Liters Inches' 

0-500 0-1.893 1-114 
501-3.000 , 1.896--11,356 1.112 

. 3,001-70,000 11.360-37.854 - 2  
10,007-20,000 37,858--75,708 2-112 
20.001-35.000 75.712-132.483 3 

. 39,001-50.000 132,493-189.270 4 

2 

Nominal plpe size speciflcationr are in accordancs wlth the stan- 
dard for  Welded and Seamless Wrought Steel PIPB,ANSI 836.10- 
1979. 

5. hfanholes 

5.1 A manhole, if provided in a tank, shall be 
located above the highest normal liquid level and 
shall be of the bolted-cover type. 

5.2 A manhole-cover joint shall be provided 
with a gasket at  least 1/S inch (3.2 mrn) thick of 
material acceptable for use with the liquid to be e. 

6. Deflection Plates 

6.1 A tank shall have a denection plate of steel 
a t  least 0.053 inch (1.35 mm) thick or aluminum 
at least 1/8 inch (3.2 mm) thick. The deflector 
plate shall be at  least 9 inches (229 mm) wide, and 
at  least 1 square foot (0.009 m2) in area under (1) 
eJch opening, or (2) one opening that is marked as 
specified in paragraph 18.5. 

Paragraph 6.1 effective October 13,1983 

PERFORMANCE 

7. General 

7.1 One sample of a tank is to be subjected to 
each of the tests described in Sections 8-13. 
However, the same sample need not be subjected 
to  all tests. If a manufacturer produces a line of 
cylindrical tanks that differ only in shell length, 
the longest tank may be tested as representative of 
the entire line. For a line of spherical tanks that 
differ only in diameter, only the largest diameter 

. .  
8.2 The tank is to be pressirked for 5 minutes 
to the applicable value specified in TabIe 8.1, and 
the entire surface ii to be brushed with a Ieak- - 
detection fluid. Continuous formation of bubbles 
at ,any location on h e  tank surface is evidence of 

. -  . leakage. I 

. 
I . .  . .  . .  

. . .  . . .  
.. TABLE 8.1:. ,.. . .  , 

. . .  . . .  . . . .  .. 
LEAKAGE-TEST PRESSURES 

Maximum Diameter of Tank, . ' AppliePrrrarr., .- 
. . . .  

Feet Irnl . .  esig (kb>, . . .  
. .  . . .  . .  

,. '. 
10 (3.0) o r k s  ' 5(34.; 
Mora than70 3 (21) - .  '. , ' - ,  . . .  

z 

1 .  . .  
. ,  

. .  . .  . .  

9. Strength of Pipe Fittings Tests . 

Torque 

9.1 
.. ,:,.. 

A length of pipe shall be threadid into a 
fitting for pipe connection and shall be tightened 
to the torque specified in Table 9.1- The- fitting , .  

. .  shall not crack or split and the threads shall .not . . . . . . . . .  

strip. . .  

TABLE9.7 
TORQUESON PIPE FITTINGS 

Nominal Pip' Size, . . Torque, 
Inch- a '  Pounblnches (N.m) 

314 2000 122s) 
1 2400 (271) . 

2900 (328) "' 

3100 (350r 
1-114 
1.112 
2 3300 (37.31 ., 
2-112 , .. 3500 (395) 
3 3600 (407) . 
3.112 3700 (418) 
4 3800 1429) 
6 4200 (475) 
8 4600 (520) 

a 
Nominal pipe sizq r?eci!iotions are in JCCOrdancI) with the stan- 
dard tor Welded and S?aaless Wrought Steel Pipe. ANSI 836.10- 
1979. 

. .  . . .  
. . .  - 

. -  . .  
e .. 

.. . . - .  
. ,  e 

@k need be tested. 



Bending Moment 

9.2 The bond between a fitting for pipe con- 
nection and the tank shall be subjected to a bend- 
ing moment of 2000 pound-feet (2700 N.m) as 

damaged. 
. described in paragraph 9.3. The bond shall not be 

9.3 A '$-foot (1.2-m) length of Schedule 40 
ateel pipe is to  be threaded into the fitting. A force 
is then to  be applied t o  the top of the pipe. For a 
cylindrical tank, the force is first to be applied 
parallel to the longitudinal axis of the tank, and 
then transverse to the longitudinal axis of the tank. 
For a spherical tank, the force is first to be applied 
in any one direction and then perpendicular to the 
direction in which the force was first applied. The 
applied force is to be increased so that the bending 
moment is increased from zero to  2000 pound-feet 
(2712 N m )  in 250 pound-feet (339 K m )  incre- 
ments. If the Schedule 40 pipe bends before the 
required bending moment is reached, the test is 
t o  be stopped and the fitting is to be examined for 
compliance with the requirements specified in 
paragraph 9.2. 

, Q  Leakage 

9.4 After each of the tests specified in para- 
graphs 9.1 and 9.2, the tank is to be subjected to 
the Leakage Test, Section 8. 

10. Strength of Lifting Fittings Tests 

10.1 A fitting intended to be used to lift and 
move a tank shall be subjected for 1 second to a 
load equal to twice that imposed by lifting the 
empty tank. If more than one fitting is provided 
on a tank, the load is to be divided between the 
fittings in proportion to the loads to which they 
are subjected by lifting the tank as intended. The 
fitting shall not be dainaged or damage the tank. 

10.2 Following the test drscribed in paragraph 
10.1, the tank is to be subjected to the Leakaze 
Test, Section 8. 

11. Water-Load Test 

11.1 A tank shall be (I) plnccd in a sand bed SO 

that approximately one-eighth of the tank dia- 
meter is buried, ant1 (2) filled t u  capacity with 
watcr for 1 hour. ?'lie tank slid1 not be dmlaged. @ 

.__I .. -._. ............ _.- 
; .-.< ,-,.-s.l- 

..3*% I . . .  _-..... 
7 ,  -< '. ?.e! 

. . . . .  c-! 

. .  

. . I ? . . E x t e d P r & s u r e  Test ...... .i.c 
. . . . .  4 

' . L ' A  
. - .  

General 

12.1 A rzr3; &all be tested either u .descr ibe6h  .; . 
pmgraph 122 cz,.at the manufacturer's option, as . . '  
described. iE pz?p.pPhs 12.3 and 12.4. The tank . . ,  
shall notinr;lol= or o&envise be d m g e d . .  . .  . 

. .  r .: . .  . .  . . ,  . . .  
: . , :i - hIethod I 

. . .  

12.2 
pit usins &e recommended anchoring.system and. ". 
the speaueeo b2i-kfiI.l procedure. The pi t  is then to . ' .  

be filled wi:& water to such a level that &e tankis 
submerge2 to is maximum recommended: burial.. 

 depth- The -ark is to remain submerged for 24 . ' 
hours. 
subjected f o r  1 m k u t e  t o  apar t id  internalvacuum 
SO that &e irr~~mal pressure on the tank is-5.3 
inches of m c r c c ~  (173 Wa) less than the external 
pressure imposed b y ,  the hydrostatic head. . ' 

The zrn?ty tank is 'to be installed in a test 

?= - 

&e t m k  is still submerged, it is ta be.' .- 

hIethodII 
. .  

12.3 
lating the Use o f  hold-down straps, on saddles 
padded with If?-inch (13.7-mm) thIick expansion- 
joint mdterkI. The t ank  is to be filled to.capacity- 
with waier For 2% hours, and then is to be drained. 

12.4 -Xter k c  procedure described in paragraph. '. 

12.3, the m k  % t o  b e  subjected.for 24 hours to a 
partial intern2 vacuum so that t h r  difference 
between the iniemal znd external pressures on the ' 

tank is eqcd  to that which would exist if  the^ ; 
empty tzrk we:e submerged in water to its maxi- : 

mum r e c o c m e d e d  burial depth. The vacuum is 
then to be increased,, for 1 minute, so that the- 
internal. pressuze on the.  tank is 5.3 inches of 
mercur). (17.9 kPa) Iess than the previous value.. 

T i e  tar,!; is to b e  placed, a t  pointssirnu-., 

- 

. .  
~ 

1% Internal Pressurc Test 

13.1 A t a k  hJ . l  wft'lstand without rupture for 
1 minute ZR k x r n a l  pressure as specified in Table 
13.1. 
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TABLE 13.1 14.5 Samples are to be subjected 
INTERNAL PRESSURE TEST impact-strength test &scribed in Test Me&& f o r  " 

Impact Resistance of?lastics andElectr?cal InsnSular- 
ing Materials, ASTM D236-81- Five specimens are 
to  be cut. from each sample, parallel. t 

' . 

imum Diameter of Tank, Applied P r ~ t u r s ,  
Prig IkPd Fcel lm)  

. . .  I i'.-- 
10 13.01 or leg 25 I1721 dimension of the sample, and as d 
More than 10 ,15 1103) ASTkl D256-81. . .  

. .  . .  

14,.Physical Properties of Materials Tests 

Ge.ned  

14.1 Samples cut  directly from a tank-are to be 
used for the tests described in paragraphs 14.2- 
14.12. At least 84 samples are to  be used. The 
samples are to measure approximately 5 by 9 
inches (127 by 229 mm) and are to b e  cut to 
minimize the amount of curvature, that is, so that 
the 5-inch dimension is parallel to  the cylinder 
circumference. 

Air-Oven Aging 

14.2 Four as-received samples and 12 samples 
conditioned as described .in paragraph 14.3 are to 

ubjected to the strength tests specified in 
@? qaphs 14.4 and 14.5. The strength of the 
conhtioned samples shall be a t  least 80 percent of 
the strength of the unconditioned samples. 

14.3 'Three groups of four samples are to be 
conditioned for 30, 90, and I80 days, respectively, 
in an air-circulating oven at  a temperature of 70°C 
(158'F). Two of the samples from each group 
arc then to be tested as specified in paragraph 14.4 
and the remaining two are to be testcd as specified 
in paragraph 14.5. 

14.4 Samples are to be subjected.to the flexural 
strength test described in Test Methods for Flex- 
ural Properties oE Unreinforced and Reinforced 
Plastics and Electrical Insulating Materials, AXSI/ 
ASTM D790-81, using a cross-head speed of 0.1 
inch per minute (2.3 mm/min) and with the inside 
surface facing down. Five specimens are to be c u t  
from each sample, parallel to the longest diniensiou 
of the sample, and as described in ASThl 13790- 
81. 

. . . .  
.- 

. . . I_ . -  . . .  .. ~ 

~. 
L; _.. - , .  

Immersion 
* . .  . .  

14.6 Four as-receiried sampIes and 56 sampIes..' . .  
conditioned as describedinparagaphs 1$.8-14-10 .' . . '  . . '  

are to  be subjected to the tests specified in para-. 
graphs 14.4 and 14.5- Thestren,d of each sample 
that has been immened in aType  A liquid s h d  be- 
at  least 50 percent of the strength of ar ,uncan-  
ditioned sample. The strenzth. of each sample that 
has been immersed for 180 days in a Type.B liquid 
shall be at least 30 percent of t h e  strength of an 
unconditioned sample. 

. .  

' 

- 

. .  

14.7 An immersiofi test liquid is classed as either 
Type A or Type B according to the following: 

A. Type A liquidj represent either a.aC$cll: . . '@-  
product to be stcred or an outside soil con& 
tion. 

... . .~ 

B. Type B' liquids are more sever& than expected . .  

conditions and arc inrended to.indicate whether ' 

additional testing is required to determine the  
acceptability of the material. 

' 

. . .  . 

14.8 Samples are :o be immersed in each of th'e 
liquids specified in Table 11.1 for 30 ,90 ,  and 180 
days. A separate group of I4 samples ( to td  of 42 
samples) is to be used for each immersion period 
for each of the test liquids. 

. . . .  
. .  .. . 

, , . . 
. .  

14.9 The liquids r e  to be ma.intained. at 38°C . 'I 

(100°F) during the tests.lThe edges of 'dl samples i 

during the immersim. For the tests specified in 

i for immersion are to be coated with the same resin 
the tank is macle from to  minimize edge effects 

paragraphs 14.4 and 14.5, specimens are to Le c u t  
from the centers 0: the samples that .  have been 
subjected to the iminrrsion conditioning 

I 
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TABLE 14.1 

IMMERSION-TEST LIQUIDSa 
not  less t?m 50 percent of the stren,"th ofunco 
ditioned szq~les-~ If the extrapolated .value. ";;=-++- 
less than 5 3  percent f o r  a particdar liquid, a.-$g~ 
additional group of 14 samples is to be  immersed. I.--.+ 

in that Gq.Zddora totalof 270 daysas  d-cribed h 
paragraph 1&9, and then  .tested a5 desaibed..' 
in p=3rz& 14.4 and 14.5. 'Ihe strength of the . 
samples S ~ A I  be not  less than 50.percent of 

Type B T w e A  

Premium leaded sasolim Toluene 

~ e g u l a r  unleaded w d i n e  
b 

Distilled water or deionized 
water' 

. 'd . an unconEcioned'sampIe. . . 
. . . . _ . .  No. 2 fuel oil 

ASTM Refemnce Fue) Ce 

Hydrochloric acid I5 percent) 

.N i t r i cAc id  (5 percent) 

.. 
. .  i '  : d Impact 

. .  
'~G 

Sodium carbonat-odium bicar- 14.11 -4 s a p k  shall be. tested as described in. .,g 
paragraph 1512 and shall not crack..or show.-&;- . .  
rupture of &e laminate- Crazing is acceptable. Fz 
14.12 Far samples are to be conditioned for 16 .;$ 
hours in 2 cold box maint+ed at minus 29°C '$3 (minus. 20;F). These samples and four a d d i u o d  . 

uncon&tioned samples are thin be one , ; 
at a time, heween two steel nnp having an inside . . -;: 
diameter 5: 4-114 inches (108 mm). A 1.18-pou~d .':.. 
(0.536-kg) steel ball is to be dropped once from a 
height of 5 feet (1.8 m) to strike the ouside '-.i- 

J: 

f . .  
Sulfuric acid IpH-3) . ' 

. bonat8 solution (pH-101 

.- --'* . ,--- 

. .  Sa tu ra td  scdium chloride Sodium hydroxide (pH=lZl 

No. 6 fuel oil9 

a 

Sodium hydroxide I5 percent) d 

Test parameters, such as temwrature and concentrations of media, 

are increased in Severity over those of norma) operating conditions 
to  obtain ObSerYabie deterlaration in a reasonable peridd Of  time. 
This acceieratcd test may n o t  give any direct correlation wi th 
service performance. However. the method yieids. cornparatiwe 
data on W h i c h  to base judgment as to expected service. 

Distilled water having a maxfmum total matter of 2.0 ppm and a 

maximum eiectricat COndUCtiVitY of 5.0 mlcromhos/cm at 25"c 
(77'7). as described f0rTyl)B I V  grade reagent Water in theStan- 
dzrd 5peci:ication for Reagsnt Water, ASTM D1193-77, 

". 
-, . .~.>' b surface of cabsample. 

. .- . .  
-. . 

. .i 
15. Earth-Load Test.. ' . 

, .  .-. 
c 

oeianlred wa:er having a ma'imurn electrical conductivity of 5.0 
micromhoslcm a t  25% (77OFI. ar described tor Type I V  grade 
reagent water in ASTM 01193-77. 

Percentage by weight. 
d 

AS deSaiba lil the Test Method for Rubber Property -Effect Of 
Liwidr. ASTM 0471-79. 

A p H  of 10 can be Obtained by mixing 10.6 g/L of sodium carbon- 
ate and 8.4 gJL of sodium bicarbonate. A pH meter Is t o  be used 
and the ratio of sodium carbonate to sodium blwrbonate adjusted 
a needed. The PH is to be CneCked revere) times during the tWt. 

f 

15.1 X t a k  shall be subjected to  the test :: 

specified LI pzragraphs 15.2 and.15.3 a n d s h a l n o t  :, 

..i implode, I=& or otherwise be damaged.. 
%?A 

15.2 An empty tank of each diameter is to be 2; 
installed izz 2 test pit or an apron is t- be  con-. :,:> 
stntcted z o z n d  the four sides of the tank Back- .::'; 
filling is :o 3e done according to the manufac- .:+: 
turer's ins-a!kion instructions. The tank is to b e  - Y  

covered j:, &at it is 3 feet (0.9 m) below the , 

surface of the Fi- The tank i s  to remain buriedfor- .e 

, .  

<.:.. 

. . .-a at least I Eosr. .,.i_ 

:..'*I 
:I 

15.3 . Tk *%ink is then to  be subjected to the-:-$ 
._ 9 

Optional. 10 be wed O n l y  a t  the request of and a t  the temperature 
specified by mmUfaCtYreb 

Leakase TSL, Section S. ;;-A; 
-G.? .. .. 

14.10 After immersion, sprcimens cut from each 
of the samples from each immersion group are to 
be tested separately as specified in  paragraphs 14.4 
and 14.3. The results of the tests are to be cvalu- 
ated according to paragraph 1 4 . G  and, in addition, 
the results from inimer.iion in each of thc Type A 
liquids arc to be estrapolated to  obtain 270day 
retention va~ues.   lie extrapolated strcngtii s i l a ~ ~  ~ ) c  ./ 

.-!., . -  .. 16. Leakage T a t  

16.1 +GI rank shrJ1 be tested, as a routine .. 
proiluctim-he test, for leakqe ici dn-&bed in - "  

parama?!> 3 2 .  Ifleakage is noted,  he t anksFd  be . 
repaired z:.drc:estrd. ? 

.. - .r 
'. ,g: 
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17. Internal Vacuum Test A.’ “Mauimurn tst press 
equivalent, in rvhich X is 
m) in diameter o r b  and 3 for t 
10 feet in &meter. 

Each tank shall withstand, without rupture, 
ntemal partial vacuum according to the equa- 

tton: 
B. “Keep vented,” or 

C. “FolIow instzlIation instru 

Y 
V = (l /2 D + h) x 0.88 inches Hg/ft 

in ivhich: equivalent , . . . .  

V is the vaciium in inches EIg, D. The word “CAUTIO*+ 
D is the tank diameter in feet, and 
h is the maximum recommended burial depth in 

feet, but not less thar.3 feet. 

ing or the equivdent: “To 
damage t o  the mL 20 no 
backfilling.” 

E. “Do not roll or drop 
lent. 

Exception: A lower internal vacuum may be used 
if i t  can be shown that the lower value, applied to 

specified value applied to t h e  buried tank. 

. .. . . . . . .. . ., . , .’.: . 
. .  . .  the tank above ground, is representative of the . .  

18.5 
only one opening as covered in item. (2) of para- 

. that dipstick measurements sfi;rll be. made only at . 

If a tank has a stee1,deRection piate unde r  ..’’ . 
’: 

.’ 

hIARKIXG . graph 6.1, the o p e n h g s h d  b e  markedtoindicate _: . . .’.. .. . ’ .  

18. General 
: . :: ’ . .  . -  

5, that location. . .  . .. ~. Para-ph 18.5 cftectk Octobrr 13,198c1- . . . .  . .  . .  _ 1  . . 
, . . .  . .. 18.1 MI required markings shall be permanent, . .  

. .  . . .  . . .  .. @, ., such as paint or paper labels imbedded in clear 
resin on the outside surface of the tank. 

9 2  Each tank shall be legibly marked with the ’ 

name of the manufacturer or a distinctive marking 
by which i t  may be identified as the product of a 

19. InstdIation Instructions .. 
. ..’.- ,.: 

I .  
. . .. 

. .  . .  * a  ’ 
.. 

19.1 Two copies of ;he manufacturer’s installa- 
tion instructions s h d  be provided with each tank, . . ’ 
one of which shdl be  embedded in Je%r resin on : . ’. 

Pam-ph 19.2 e f m e O c t o b e r  13.1983 > . :  
particular manufacturer. the outside surface dE the t a n k  - 

18.3 If a manufacturer produces tanks at more , .  ,. 
than one factory, each tank shall have a distinctive 
marking to identify- it as the product of a particular 

-.:. . . I_ . ..-. . . .  
. .. 19.2 The installaiion instructions shall include I’ .. . . .  ~’ :. ’ ’,. 

(1) the method of irtenled lifting, induding the 
intended distributicn of the load between the . - 

-. . I ..,.’ ..,. 
i factory. 

18.1 Each tank shall be marked with informa- (2) indica 
tion that is deemed necessary by the manufacturer. 
This marking shall include a t  least the following: 

.. . .  fittings if more tha i  one f i thg  is pravided, ilnd 

either pe 
specified by the mamfacturer.. 

. .  

qTcT&-*--- - . . -.“-..-.- ~ ~ ~ ‘ ~ ~ ~ . ~ ~ ~ ~ ~ ~ i ~ ~ ~  
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Subjehs 58,. 1316 .. 

TO: Manufacturer' e of Stec.1 Tanks, 
.? MomtaPlic .Tanks for Undergro 

Liquids .andlor. Petroleum. Prod 
, ';.',;;,.:..> ;>f-. i, 

. .  
SUBJECT: .Lining of' Under-ground Storam. Tanks,. 

UL provides. t& ' options for .the .inmseigation"of.. t&<i %ih&gs: 
(1) Listing by Report for the complete lining, pr&bsr3 .;incluaing . 
an evaluation of the actual lining mat@rials ~nnd.'.(ZI : e m ~ n t  
Recognition of the lining materials only. Thai@ Cempamnt.,, 
Recognition would assist any applicators! thae w&f& ,te Bukatt', . 
their lining procesa to UL for List ing.  by Rewt,  in.., thet,,.it. would. 
not 'be necessary to repeat the evaluatfon..of .tk@ lininlf . . . , 

. 

. I . .  

. .  I . ,..... >: .. 
materials. .. . .  

. .  
. .  ' ,  
..: . .  

. .  
* ,. : 

? _  

' i  

.- i 
. .  

. .  _ .  
: I  . 

; 
' . I  .. 

. .  , 
! 

," ' . ' .  . .. . .  . .  . Dekails of th@6@ two option0 are discuss@& bskw;' , . ' .  '. . 
A. LXSting by Report '- UL's investigaeien. i a  &i&' eo 

the materiala and application of  the lining. %'be- 
acceptability of the tank. intended tb be lint& and 
the lining'process will b@ under the jurindictian 

UL'a investigakion consiaizs of twd. bash: .el@iwmi~.: 
(1) exposure .testing of coupons of the l i n i n g  only 
and (2) physical testing of a lined tankI* The- 
teste i n r c l ~ e d  a r ~  outriaed in the, appndit!es R &nB 
B.. . 

Upon .satiafactary campleeion all the i e& ana. 
examinations spe.ccified, a report'. ia then @repatea 
and eent- to UL'e Casualty and Fire. Cbuncile for 
coments. Lieting is promulgated by meetna...of B 

. ,  . of the inapection authority. . .  ; ,,-.., 

. .  
. .  ' - a i  . .. ! . 

. .  
. Listing Report. 

B Compnent ReCQgnitiaR . - UL' a inveati&at&& '. 
limited to an evaluation of the coating matelriaits 
reaistance to the corroeive,c?ffects of etorea. 
€,launable llquide as well as the ms*eriell'd : .. ;.: 
reaiatance- to permeation. 
Componene .Recognition. ie outlined in. Apptmdh A i ,  it: 
does not include the tests outlin@d in .A.PpanaiX- B. 

The t.eat program .for... 

i 

! 

3 
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TEST PF.OGBAM FOR EVALUATING TANK-LINING SYSTEMS 
I PHYSICAL TESTS OF W I N A T E :  

METHOD 

Five. by nine inch  (127 by 229 mm) l i n i n g  samples: are.  t o  be 
immersed i n  t h e  so lu t ions  spec i f i ed  below and maintained a t  a 
temperature of 100°F (38OC). Specimens are a l s o  t o  be. exposed. in  
an  a i r - c i r c u l a t i n g . o v e n  maintained a t  a temperature o f  15'8OF 
(7OoC). Af t e r  30, 90, 180 and, i f  necessary,  270 days, se lec ted .  

samples*are  to be  removed from t h e  s o l u t i o n  and t e s t e d  f o r  
f l e x u r a l  s t r e n g t h  and Izod impact. 

be tested i n  accordance with t h e  T.est.Method. f o r  Tens i l e  
P r o p e r t i e s  o f  P l a s t i c s  Using Microtens i le  Specimens, 
ASTM. D1708-7.9, u s ing  'a c ros s  head speed . o f  0 . 0 1 ~  inch/minute 
(0.25 mm/minute). 

be tested i n  accordance wi th  t h e  T e s t  Method €or Impact 
Resistance of P l a s t i c s  and Electr ical  I n s u l a t i n g  Materials,. 

The, specimens subjec ted  t o  t h e  f I exura1 , s t r eng th  t e s t  are t o  

i 

I The. specimens t o  be  subjec ted  to  t h e  Izod impact test  are t o  

i' . .. 
ASTM D256-81.. , 

! SOLUTIONS OR IMMERSION 

The fol lawing so lu t ions  are t o  be used f o r  immersion of t h e  
samples : 

1. Premium leaded gaso l ine  

2. Regular unleaded gaso l ine  

3. No. 2 f u e l  o i l  

4 .  ASTM Reference Fuel C. 

5. Toluene 

6. No. 6 f u e l  o i l  

7. 100-percent methanol 

8. 200-percent e thanol  

9.  50;percent e thano l ,  50-percent ASTM Reference 
Fuel C 1 
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10. 50-percent e thano l ,  50-percent ASTM Reference 

11. 85-percent Reference Fuel C ,  15-percent methanol 

12. 85-percent ASTM Reference Fuel  C, 15-percent 

Fuel C 

e thano l  -' 

e thano l  
13. 70-percent ASTM Refesence F u e l  C, 30-percent 

14. D i s t i 1 J . d  water 

PERMEANCE - COATING DISSOLUTION EVALUATION: 

I METHOD 

Coupon samples of t h e  l i n i n g  only are t o  be bonded. t o .  g'1as.s 
d i shes  donta.ining the.immersion so lu t ions .  Before t h e  samples 
are a t t ached  t o  t h e . d i s h e s ,  t h e  th i ckness  5s t o  be.measured i n  
t h e  center of eachaquadrant and t h e s e  va lues  a re  t o  be recorded 
f o r  later use. 

100°F (38OC) ambieht chamber so t h a t  t h e  s o l u t i o n  w i l l . c o n t a c t  
t h e  t e a t  specimen., 

To determine , the ra te  or percent  of t ransmiss ion  of t h e  
so lu t ion  through t h e  test specimen, t h e  assembl ies  are t o  be 
reweighed a f t e r . 3 0 , ,  .90, 180 and, i f  necessary,  270 days. A t  t h e  
conclusion of t h e  itest, the th i ckness  of each sample is t o  be  
remeasured and any. loss or swe l l ing  i s  t o  be  recorcied. 

The assemblies a r e , t o  be  weighed on an a n a l y t i c a l .  
+ balance.. The asseinblies are then  t o  be inve r t ed  and p laced  i n  a 

. .  
. .  

. .  

RESULTS 

No permeance >or d i s s o l u t i o n  of t h e  l i n e r  material i s  t o  . 
occur. 

BONDING TO SUFFACE:: 

METHOD 

Steel  coupons coated wi th  t h e  minimum th i ckness  o f  l i n e r  
material are to b& bonded to  g l a s s  cups f i l l e d  wi th  each o f  t h e  
immersion so lu t ions  and t h e  assemblies are t o  be inve r t ed  so t h e  
s o l u t i o n  con tac t s  t h e  sur face .  Before bonding t h e  coupons t o  t h e  
cup, t he  hardness  of t h e  l i n e r  ma te r i a l  i s  t o  be determined. 
Following each exposure period, t h e  exposed liher ma te r i a l  is t o  
be  v i s u a l l y  examined and t h e  hardness determined. 
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RESULTS i 

. , .  

., 
There . sha l1  no t  be any so f t en ing  b l i s t e r ing  o r  u p l i f t  of the 

l i n e r  mater ia l .  

CBLD IMPACT: 

METHOD 
. .  

Six by s i x  inch (152 by 1.52 mm) s h e e t s  of the ,  l i n e r  are t o  
be condifioned f o r  1 6  hours i n  a co ld  box maintained a t  minus . .. 
20°F (minus 29OC')': Each' ctmditioned specimen, and add i t iona l  
uncondi.tioned specimens, a r e  t o  be clamped between t w o  steel 
rings having an i n s i d e  diameter of 4.25 inch (108 mm) and 
impacted once by 'dropping a 1.18 pound (535 g) steel sphere from 
a he igh t  of 6 feet (1.83 m) .onto t h e  sur,face of t h e  specimen.. 

RESULTS 

The samples s h a l l  no t  c rack  o r  show rup tu re  of t h e  l i n e r .  
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.TEST PROGRAM. FOR EVALUATING 'THE STRUCTUW 
SUITABILLTY OF TANK-LINING SYSTEMS. 

., 
PHYSICAL TESTS OF TANK: 

METHOD. 

Using a tank se l ec t ed  by t h e  manufacturer and judged by UL 
t o  meet t h e  cri teria ou t l ined  i n  t h e  manufacturer 's  i n s t ruc t ions ,  
t h e  fol lowing tes t  and examination are t o  be conducted. 

The tank selected w i l l  become t h e  basis f o r  
judging t h e  a c c e p t a b i l i t y  of future tanks  for 
t h e  l i n i n g  process.  

- Note: 

1. 

2. 

3. 

4 .  

5. 

6. 

I .  

- 8. 

The tank  i s  t o  be inspec ted  by a r ep resen ta t ive  of 
UL's engineer ing s t a f f  and a d e t a i l e d  desc r ip t ion  
of t h e  t a n k ' s  phys i ca l  condi t ion  recorded. 

The tank i s  then  t o  be prepared by t h e  

wi th  t h e  l i n i n g  in s t ruc t ions .  
manufactyrers personnel  and l i n e d  i n  accordance * 

A 5-psig (34.5-kPa) leakage and 5.3-inch (135-mm) 
Hg vacuum tes t  are then t o  he performed, exac t ly  
as they are conducted during an a c t u a l  l i n i n g  
procedure. 

The t ank  is  then  t o  be t e s t e d  for v o i d s  and 
holidays.  

Af te r  t h e  bur ied  t ank  has been l i ned ,  t h e  thank is 
to .be  excavated and placed a t  ground l e v e l  for 
v i s u a l  examination o f  t h e  ex te . r io r . .  

The excaLation is to  be prepared .for anchoring. t he , .  
t ank  as required,  

The . t ank  is t o  be repos i t i oned  i n  the.excava&kan 
and anchored ( t i e d  down) t o  prevent: float-out. 

The tied-down t ank  i s  t o  b e  recovered wikh back 
f i l l . . m a t e r i a l  t o  grade  and the e n t i r e  excavation 
flooded f o r  a 24 hours. 
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9. A t  t h e  end of t h e  24-hour flooded cond i t ion ,  a 
vacuum of 5.3 i nch  (135 mm) Hg is t o  be app l i ed  
for 1 miriute t o  s imula te  an a d d i t i o n a l  e x t e r n a l  
p re s su re  equ iva len t  of 6-feet  (1.83-m) of water.  

Unless a ' m e t a l  d e f l e c t o r  p l a t e  i s  provided t o  
p r o t e c t  the area under t h e  f i t t i n g s  from a 
d i p s t i c k s  an impact test i s  t o  be conducted on t h e  
inter ior  of t h e  tank ,  A 2-pound (901-g) steel 
sphere i s  t o  be dropped from a he igh t  equal t o  t h e  
tank  diameter  so as to impact t h e  area under t h e  
f i t t i n g  opening. 

I RESULTS 

10. 

As a r e su l t  of t h e  tes ts ,  t h e r e  s h a l l  be no damage t o  t h e  
t ank  as evidence by c racking ,  buckling, o r  deformation. The t ank  ' 

is again  t o  b e  t e s t e d  f o r  vo ids  o r  hol idays.  I n  add i t ion ,  t h e r e  
s h a l l  he no crackihg  of t h e  l i n i n g  ma te r i a l .  

, 
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FOREWORD 

, A. This Standard conrains basic requiremats for produci covered by  
Underwriters Laboratories Inc. (UL) under its Follow-Up S F k e  for  this 
category within the limitations given below and in the Scope *chon of this 
Standard. These requirements are based upon sound engineeziig principles, 

problems of manufacture, installation, and use di-rived from consultation 
with and information obtained from ma+facrurers, useE, inspection 
authorities, and others having specialized experience. They re.  subject to 
revision as further experience and investigation may show is necessary o r  
desirable. 

. 
. .  . 

. ' 

research, records of tests and field experience, and an appr&ation .of the . .  

- .  

. .  

B. The observance of the requirements of this Standard by a manu- 
facturer is one of the conditions of the conrinued towage '  of the 

. .  manufacturer's product. . .  

C. A product which complies with the tes t  of .this Srankrd will not 
necessarily be judged to comply with the Standard if, when eramined and 
tested, i t  is found to have other features which impair the &vel of safety 
contemplated by these.requirements. 

D. A product employing materials or htving forms of construction 
differing from those detailed in the requirements of this Stardard may be 
examined and tested according to the intent of ihe requirenents and, if 
found to be substantially equivalent, may be judzed to corrrly with the 
Standard. 

. 

E. UL, in performing its functions in accordmc? with is objectives; 
does not assume or undertake to  discharge a ~ y  respons5ility of the 
manufacturer or any other party. The opinions and findings of UL represent 
its professional judgment given with due c o n s i d i d o n  fo Se necessary 
.limitations of practical operation and .state of ihe art at h e  time the 
Standard is processed. UL shall not be responsible to anyone for the use of 
or reliance upon this' Standard by anyone. UL shall not incur U y  obIigation 
or liability for.damages, including consequential damages;&in,- out o f  or  in 
connection with the use, interpretation of, or reGance upon this Standard. 

F. Many tests required by the Standards 0.f ULare.inheren-ly hazardous 
and adequate safeguards for personnel and propercy shall be employed in 
conducting such tests. 

i 

*Replacespage 4 dated October 39, 1976 
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GENERAL 
1. Scope 

1.1 These requirements cover horizontal 
atmospheric-type steel tanks intended for the 
storage underground of flammable and com- 

b 
bustigle liquids- 

' 1.2 .These tanks are intended for installation 
.and use in accordance with the Standard for the 

, Installation of Oil-Burning Equipment, NFPA NO. 
31, and the Flammable and Combustible Liquids 
Code, NFPA No. 30, of the National Fire Pro- 
tection Association. 

1.3 Tanks covered by these requirements'are 
cylindrical tanks which are fabricated, inspected, 
and tested for'leakage before shipment from the 
factory as completely assembled vessels. 

2. General 
2.1 Capacities, dimensions, and construction 
details shall conform to the applicable. require: 
ments of this Standard. 

2.2 Gallon capacities per foot of length of 
cylindrical shells having diameters of 24 to 144 
inches, inclusive, are given in Appendix A, Table I. 
Capacities in liters (dm3) per meter of length of 
cylindrical shells having diameters of 600 to 3800 
mm, inclusive, are given in Appendix A, Table 11. 
(Add one-third the height of conical heads to shell 
lengths to obtain total capacity.) 

(@ 

. .  
3. Capacitiesj Dimensions,, and 

MetaLThkknesses: 

..3.1 The overalI length of a tank.shall b e  not ' 

greater than six timeshs dkneter.  ., 
i 

3.2 Neither the capaGty nor the diameter-for 
the corresponding.gage o r  thickness of  metal'shall 
exceed that specified inTabIe 3,l.. 

3.3 TO provide. :for manufactu+ng va&tions;a 
plus tolerance of ' IQ percent in maxi&umcapacity 
and a .plus tolerance. of 5 percent. in either the . 
&ximum diameter or the maximum Iength wiU be. 
permitted for tanks constructed of No. 7 gage 
(0.167 .inch. minimum) (G-24 mm minimum) or 
.heavier steel. This..does not mean that a tank is to 
be designed intentionally to have a capacity, 
diameter, or length greafer than the maximum. 
designated above.' There is. n o  limit. on the minus 
tolerances for capacity,,diarneter, ar Iength. 

.. 

. ' 

4. Materials 

4.1 A tank shall be constructed of commercial 
quality uncoated or galvanized steel of good 
welding quality. Only new material shall be used. 

4.2 The thickness of steel, as measured in 
accordance with paragraph 4.3 shall be not less 
than the appropriate minimum vdue given in Table 
4.1 or 4.2. 

4.3 The thickness of steel, is to b e  determined 
by five miCrometer:readings equally spaced along 
the edge of the full piece as; rolled. Thickness is to 
be determined on the sheet no t  less. than 3/8 inch 
(9.5 mm) from a cut  edge .and not less. than .3/4 
inch (19 mm) from a m;U edge. 

2.3 If a value .for measurement as given in these 
requirements is followed by an equivalent value in 
other units, the first stated value is to be regarded 
as. the requirement. A given equivalent value may 
be only approximate. 

TP-8 
TABLE 3.1 

THICKNESS OF STEEL 

Manufacturers' Nominal Thickness 
Maximum Standard or 

Capacity Diametsr Galvanized Sheet Uncoated Galvanized 

U.S. Gallons dm3 Inches m Gaga No. Inches mm Inches rnm 

Up to  285 Up to 1078 4 2  1.07 14 0.075 1.91 c8.079 2.01 
286 to 560 1082 to 2120 48  1.22 12 0,105 2.67 CAI08 2.74 
581 to 1100 2124 t o  4164 6 4  1.63 10 0.135 3.43 19.138 3.51 
1101 to 4000 4168 to  15142 84 2.13 7 0.1-29 4.55 
4001 to 12,000 15145 to 45425 126 3.20 114 inch 0.250 6.35 
12,001 to 20,000 45429 to 75708 1 4 4  3.66 5/16 inch 0.312 792 
20,001 to 50,000 75712 to 189270 144 3.66 318 inch 0.375 9.53 '. 
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T A B L E 4 2  
NOMINAL AND MINIMWA THICKNESS.FOR 

' Tp-10 GALVANIZED SKEET STEEL 
TABLE 4.1 

NOMINAL AND MINIMUM THICKNESS 
FOR UNCOATED SHEET.AND PLATE STEEL Galvanized Nominal Thick- Minimum Thickness 

Sheet 
Gage No. Inches ' .  mm , Inches . mm Manufacturers' Nominal Thicktien ' Minimum Thicknes 

Standard 
G a ~ e  No. Inch- mrn 

0.138 , , 331 , 0.126 . 3.2020 10 
Inches mm 12 0.108 . 234 0.097 246 

14 0.079 2 0 1 '  ' 0.070 1.78 
318 inch 0.375 9.53 0.365 . 9.27 

114 inch 0.250 6.35 0.240 6.10 
5/16 inch 0.312 7.92 0.302 7.67 . , 5. SheNSeams 

5.1 
forms shown by Figure 5.1; 

A shell seam of a tank shall be one of  the 

7 
9 
10 

" .  
0.179 4.55 0.167 4.24 

5.2 0.150 3.81 0.138 3.51 
0.135 3.43 0.123 3.1 2 larger than 96 inches (244 m) in diameter. 

Shell seam KO. 4 shalI not be used on tanks 
. 

12 0.105 2.67 0.093 2.36 
14 0.075 1.91 0.067 1.70 5.3 Shell seam No: 7 shall not be used on tanks 

la~ger than 65 inches (1.65 m) in diameter. 
. .  

FIGURES.? 
SHELL SEAMS 

IC frp 
f ": 1 

iT- J R L  
C' 

No. I-ALL DlAM, 
CF' 

NO. 2-ALL DlAM, 
1 - 1  

N0.3-ALL DIAM. i 

I ,CF 
i 

J 3 TdW 5 ,..I 
.-r 

, /c 

. .  

N0.4-MAX. DIAM. 96" N0.5-ALL DIAM. hY). G A L L  DFAM.: 

I 
I 1 

N0.7-MAX. DIAM. 65" 
TA484  

M0.6-ALL DIAM. 

E - 112 inch (12.7 mml minimum,di;lmeter lock wdd, notover 12 E - Overlap- 112inch (12,7 mml minimum. 

c - Cantinuourwdds. inches 1305 mml apart. 
CF - All lap welds shall be continuous full fillet wdds. 

i .. .- Tack weld 1 inch 125 mml spa% not over 12 inches (305 mm) 
apart. ' ' a- Overlap - 112 inch 112.7 m k l  minimum for diameters 48 inches 

(1.2 m) orlsa:3/4 inch 119.1 mm) minimum for diametars Over 
48inchrn (1.2 ml. , t - Thicknessof backupbar to besameasshell rhicknrnr 

*Replacespage 6 dated October 29, 1976 
Figure 6.1 revised Sovember 28.1977 
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6. Heads and Head Joints 

6.1 A head of a tank shall be fabricated o f  not 
more than two pieces for diameters of 48 inches 
(1.22 m) or less; three pieces for diameters of from 
49 to 96 inches (1.24 to 2.44 m); and four pieces 
for diameters of from 97 to 144 inches (2.46 to 
3.66 m). When two or more pieces are used, seams 
shall be one of  the forms shown by Figure 5.1, 
observing the diameter limits as noted. 

6.2 
conical. 

A head of a tank may be flat, dished, or 

6.3 
shell by one of the jointsshowx by Figure 6.1. 

6.4 An wiflanged flathead of a tank shall be ' 
braced in accordance with F i g r e  6.2, No. I or 2, 
and the head and shell shall he made of not less 
than No. 7 gage (see  Table 4.1) material. 

A head of a tank -shall be attached to the 

. -  

FIGURE 6.1 
HEADS AND HEAD JOINTS FOR ALL 

DIAMETER'TAWS 
, 

NO. 13 NO. 14 

NO. 16 

NO. 19 NO.20 N0.21 

TA48-2 N0.22 N0.24 
K - Joint No. 22- Heads raquira b&ns (sea No. 1 and 2 of Figure. 

6.2). Minimum G a g  No. 7. 10.179 inid (4.55.mm) nominal. B - Ovsrlap - 112inch (12.7 mm) minimum. 

C - Continuousurelds. 

CF - Shall he continuous full fillet welds. 

F - Not len than five t ims  head thickness - minimum 1/2 inch 

T - Tack weld 1 inch I25 mml spots, XZ o w  12 inche (305 mm) 
apart. 

r - Minimum, 1 Xshell thickness. 

Heads may be flat, dishad, o r ~ n e .  (12.7 mm). 
Height of cone heads - not lep than one-twelfth 
diameter. 
Height of d6hed headsshdl n b n n  to TaMa6.1. 

J - Joint No. 21 -Minimum Gage No. 7. 10.179 inch) 14.55 mml 
nominal. 0 
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FIGURE 6.2 
BRACING FOR UNFLANGED FLAT HEADS AND 

BULKHEADS 

NO. 1 
See Table 6.2 

NO. 2 
See Table 6.3 

than 45- 

C-Weld. 
S-From center, ap- 

proximately % of 
diameter. 

U-Weld three sides 
each foot. 

V-Bracing. 
W-Ninimum length' 

of foot. 
. .  

T-Tack welds, not 
o v e r  1 2  i n c h e s  (305 mm) 
apart. 

V-Bracing. 
~X-Not over 2 inches (51 mm) 

from shell. 

. .., 
(- . ' 

BRACING FOR FLANGED FLAT BULKHEADS 

\ 

T-Tack vfelds, not 
over 1 2  inchcs (305 mm) 
apart. 

X-iiot over 2 inches (51 mm) 
from shell. 

'Y-Bracing (locate 6 
inches (150 mm) 
bclow center of head). 

. .  NO. 3 
TA 44-1 See Table 6.4 

TP-5 

TABLE 6.1 
DISHED HEADS-MINIMUM HEIGHT 

Diameter Minimum Dish Diameter Minimum Dish 

Inches m Inches mm Inch=, m lnchss mm 

Upto 60 Upto1.52 1.112 38 97-108 2.46-2.74 4-1/2 114 

61-72 1.55-1.83 2 51 109-120 2.77-3.05 5112 140 

73-84 1.85-2.13 2-112 64 121-132 3.07-3.35 7 178 

85-96 2.16-2.44 3-112 89 133-144 3.38-3.66 8 203 0 
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NOTE - The use of standard S.I. lmetricl size and weighk of angles, channels, and[-beams esrubrtitutesfor 
the U.S.A. structural units specified in Tables 6 2 ,  6.3. and 6.4 shall he bawd on thore rizer aod weightshaving: 
an equal or greater section modulus (SI. 

, 
. .  

TABLE 6.2 
STRUT BRACING FOR UNFLANGED FLAT HEADS AND  BULKHEAD^ TP-2 

Diameter Head Chanpels Angles ' .Wa 

Section Moduludrl Senion ModulusGi 
Inch= m Size, Inches ln.3 Sire, l n c k  tn.3 .Inches mm 

Upto-60 Upta1.52 1 by3/8hy1/8 0.048~ 1 b y l b y 1 / 8  ' 0.031 1 25.0 

61-72 1.55-1.83 1 by3/8 by 118 . 0.04Eb 1.114 by 1-114 by 118' ' 0.049 1-t14 32.0 

73-84 1.85-2.13 1 by 112 by 118 0.063' 1-112 by 1-112 by 118 0.072 1-112 38.0 
85-96 2.16-2.44 '1 by 112 by 118 0.063b 1.314 by 1.314 by3116 ' 0.140. ' 1.314 44.0 

97-ioa 2.45-2.74 1-112 by 314 by iia 0.147~ 2 by 2 by3116. 0.190 2 51 .o 
109-120 2.77-3.05 3 inch= - 4.1 pounds l .lb 2 by 2 by 114 0.250 2 m . 0  

121-132 3.07-3.35 3 inches- 4.1 pounds l.lb 2-112 by 2-112 by 5/16 0.480 . 2-112 64.0 

2-112 by 2.112 by5116 0.480 2-112 64.0 133-144 3.38-3.66 3 inchss -4.1 pounds 1.1 b 

a 
See Figure 6.2. No. 1. 

k " 
F l a n ~  Of channel welded to head Or hulkhead and shell. 

TABLE6.3 . &  

SURFACE BRACING FOR UNFLANGEO FLAT HEADS AND BULKHSADS~. 
TP.3 

~~ 

Diameter Head Channels Angies 

Section Moduludrl M i n - M i o n  Modulusid 
Inches m Size i n 3  Sizes, Inches 1,5 

U p  to - 60 Up to 1.52 

61-72 1.55-1.83 

73-84 1.85-2.13 

85-96 2.16-2.44 

97-108 2.46-2.74 

109-120 2.77-3.05 

121-132 3.07-3.35 

133-114 3.38-3.66 

3 inchffi- 4.1 pounds 

3 inches- 4.1 pounds 

4 inches- 5.4 pounds 

5 inches - 6.7 pounds 

5 inches - 6.7 pounds 

6 inchas- 8.2 pounds 

7 inches- 9.8 pounds 

7 inches - 9.8 pounds 

1.P 

1.P 

1.9b 

3.0b 

3.0b 

4.3b 

6.0b 

6.0b 

2 by 2 by 3/8ar 
2-712 by 2.112 by 114 

3-112 by 2-112bySElS 

4 by 4 by 318 

4 by 4by  112 or 

4 by 4 by 314 (lr 
6 by 4 by 3/8 

5 by 5 by518ar 
6 b y 4  by 112 

5 by 5 by 3l4or 
6 by 4 by 9/16 

6 by 4 by 9/16 

3 by 3 by 7116 or 

2-112 by 3-112 by 112or 

5 by 3-112 by 31% 

5 by 5 by 314 or 

0.35 

0.95 

1.50 

2 .00~ 

,2.80b 

3.90b 

4.50b 

450b 

a 
see Figure 6.2, No. 2. 

Short leg Of  angle Or flange Of channel welded lo head or bulkhead. 
b 0 
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.'TABLE 6.4 

(-. SURFACE BRACING FOR FLANGED FLAT  BULKHEAD^^ 0 ,TP-4 '* .. 
Diamstar Head I-BeamS Channels. 

Section Modulusls) Section Madulusld i 
Inches rn Size I"? sire I"? 

I .  ' 
j 

7 2--84 1.83-2.13 3 inches- 5.7 pounds 1.7' 3inchzs-:.lpounds' . . .I.lb ; 

97-108 . 2.46-2.74 4 inches - 7.7, pounds 3.0b 5inch5s-6.7pounds ~ 3.0b 

85-96 2.16-2.44 3 inches - 5.7 pounds 1.7b 4 inches - 5.4 pounds 1.96 . .  

109-1 20 2.77-3.05 5 inches - 10 pounds 4.8b 5 incher-6.7 pounds 3.0b 

121-132 3.07-3.35 51nchw- 10 pounds .4.8b Binches--B.Zpou&. 49b  

'133-144 3.38-3.66 5 inches - 10 pounds 4.8b ' 6 inches -82pounds 4.3b . .  

. .  a .  

~~ ~~~ ~~ ~~ ~~ 

a See Figure 6.2, No. 3. 

bFIange of I-beam or channel.welded t o  bulkhead. 

6.5 
to be braced. 

6.6 A conical head of a tank shall have aheight 
of not less than one-t.welfth the diameter of the 

A flanged flathead of a tank is not required ' 7.3 A bulkhead of a. double Bulkhead tank, 
shown by No. loa, Fi.gme7.1, shall be fabricated 
of not more than LWO pieces for diameters of 48 
inches (1.22 m) or 1ess;'ihree pieces for diameters 
of from 49 to 96 inches (1.24 to 2.44 m); and four 
pieces for diameters of from 9 7  to  144 inches 
(2.46 to 3.66 m). \\%en two or wore pieces are 
used, seams shall be one of the farms shown by 
Figure 5.1, observins rhe diameter limits as noted. 

A dished head shall have a dish height of @k' 
not less than that specified in Table 6.1. 

7. Compartment Tanks 

7.1 Bulkheads of compartment tanks shall be of 
such construction that any leakage through joints 
will be directed to the outside of the tank rather 
than from one compartment to another. See Figure 
7.1 for acceptable bulkhead constructions. 

7.2 A single bulkhead of a compartment tank, 
shown by Nos. 101 and 102, Figure 7.1, shall be 
fabricated of one piece of material and may be flat' 
or dished. The height of a dished bulkhead shall be 
not less than that specified in Tablc 6.1. 

7.4 The thickness of ' metal 'employed for a 
bulkhead depends upon .its diameter and shall be 
not less than that spedfied in Table 3.1. 

7.5 An unflangedi flat bulkhead of a com- 
partment tank shd be braced in zccordance with 
Figure 6.2, No., 1 o r  2, and shall b e  made .of not 
less than No. 7 gage (see Table 4.1):matenal. 

7.6 A flanged flat bulkhead o h a  compartment 
: tank more than 72inches (183m) ik diameter shall 

be made of not less than -5/l6-incEr (see Table 4.1) 
thick material or  it shall be braced in.accordance 
with Figure 6.2, Eo- 3. 

7.7 
or less in diamecer l o 6  not require bracing. 

A flanged f h t  bulkhead 12inches (1.83 m) 

c 



..., . '  . "  1 -I ._ -. *. _."_.. - -. 
i :. - _-. . .  L .  . .  

OCTOBER 29,1976 STEEL UNDERGROUND TANK FOR FLAWU.4BL.E A\D COMBUSZIBLE LIQUIDS'- UL 58 11' 

FlGURE7.1 
BULKHEADS FOR COMPARNENTTANKS 

/ - C - f . . B  p- . . 

Straight Flange 

'NO. 101 

TA44-3 

A 

B - 712inch (12.7 mml 

C - 314inch (19.1 mml 

D 

E - Bracing as per Table 6.2 or 6.3 

- Bracing 8s per Table 6.4 if diameter e x c e e b 7 2  inches (1.8 ml 

- 1-114 inch (31.8 mm) 

I 
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8. Pipe Connections .. 

Pipe connections shall be supplied by 
&ding to the tank, standard threaded pipe 

couplings, substantial threaded flanges, standard 
half pipe nipples, or by bolted anQ gasketed 
flanged connections welded to pipe nipples which, I 

in turn, are welded to the tank. 

8.2 
illustrated by Figure.8.1. 

Conventional types of pipe connections are 

8.3 Pipe-connecting fittings shall be of steel of a 
good welding quality. T h e  minimum length of 
thread shall conform to. the. values specified by 
Table 8.1. 

8.4 Pressed..steel..pipe-conne~iting fittings shall 
be installed with..the hub section on the inside of 

'Figure 8.1. The thickness o f  the fIiinge.section shall 
be as specified in .Table 8.1 with tolPrances as 
permitted by Table 4.1. 

c 
- .  

the tank only A d  of the form shown by No. 62, L 

. 

a .  
FIGURE 8.1 

PIPE CONNECTIONS 

. .. . .  . 

N0.60 N0.61. 

NO. 62 N0.63 

. .  
NO. 65 

. .  
! 

NO. 64 

NO. 67 NO. 66 

TA45-1 AH welds shall bo full fillet 

No. 60 - Half pipe coupling. 
No. 61 - Half.pipe coupling. 
No. 62 - Pressedstecl. hub inside tank only. 
No. 63 - Forgedstecl, hub inside tank. 
No. 64 - Full pipe coupling. 
No. 65 - Forged steel, with pilot. 
No. 66 - Forged steel, without pilot  
No. 67 - Standard pipe nipple and welding flange. 

c 
I 

i 
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TABLE 8.1 
, . * ?) PIPE CONNECTIO~ 

TP-6 . .  

Thickness of FlangoSsction ofPr&Stael 
Pipe Si& Nominal Minimum Length of Thread Fitting 

lncher Inches mm Gas8 No. Nominal, Inches mm 

118 114 6.4 
1 I4  3/8 9.5 
318 318 9.5 

314 518 15.9, 10 0.135. 3.4 
1 518 . 15.9 - 4 0.150 3.8 
1-114 11116 17.5 9. 0.150 . 3.8 
1-112 314 19.1 9 0.150 3.8 
2 314 19.1 '9 0.150 3.8 
2-112 1 25.4 7 0.179 4.6 
3 1 25.4 .7 , , 0.179 4.6 
5112 1 25.4 7 i 0.179 . . 4.6 
4 1-118 28.6 7 .  0.179 4.6 
5 1-3/16 30.2 
6 1-114 31.7 
8 1-318 34.9 

, 
112 112 12.7 

a 
American Standard. ANSI 836.10. 

8.5 
tank as shown by No. 67, Figure 8.1. 

Half pipe nipples shall be welded to the 

8.6 Except as indicated in paragraphs 8.7 and 
8.8, all openings in a tank shall be located in the 
top, parallel with the longitudinal axis of the tank. 

8.7 If the application of a tank is such that 
pipe-connecting openings in the top are required to 
be grouped, the openings may be located off center 
of the longitudinal axis under the conditions 
specified in paragraph 8.8. 

8.8 No opening in the shell of a tank shall be 
located more than 1 2  inches (305 mm) from the 
longitudinal center line of the top, and the upper 
end of the pipe coupling or other pipe-connecting 
fitting welded to the tank shall terminate above the 
top of the shell. 

8.9 All openings in a tank shall be closed with 
wooden plugs, metal covers, or their equivalent, to 
protect the threads and exclude foreign matter 
while in storage or in transit. 

- 
8.10 Each tank shall have a pipe connection of a 
size not less than that specified in Table 8.2 for 
attachment of a vent pipe. 

8.11 
shall not be located in a manhole cover. 

An opening for connection of a vent pipe 

TABLE 8 2  
SIZE OF VENT-PIPE FITTING 

TP.7 

Capacity of Tank, 
US. Gallam dm3 Pipe Sizea Nominal 

Inches 

o t o m  Up to 1.895 1-114 
501 to 3,000 1.900 ta 11,355 1-112 
3,001 to 10.000 11,360 to 37,855 2 
10,001 to 20.000 37,860 to75,710 2.112 
20,001 to 35,WO 75.715 to 132.490 3 
35,001 to 50,000 132.495to 189,270 4 

a 
American Standard. ANSI 856.10. 

I.. 
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9.2,  A manhole-cover joint shall be provided 
with a gasket of mate&l determined to be suitable c 9. Manholes 

A manhole, if provided in a tank, shall be 
located above the highest normal liquid level and 
shall be of the bolted-cover type as. shown by . .  

for the liquid to be stored and shall have. a ' 

thickness of not.less Than $18 inch (3.2,mm). 
... 

. .  
1 

*> 
,,.. . . -. 

. . .  . ... Figure 9.1. 

0 

0 

'\. 
, . . I "--...: , -:. . . .  

FIGURE9.1 
CONVENTIONAL MANHOLES 

r . .  

. .  

ALTERNATE COLLARS 

N0.94 N0.95 

. .. - .  

, : 
1 ,  

TA48-3 

CF - Continuous full fillet wald. 

P - Gasket material, 1/8 inch 13.2 mml thick minimum -ring or 
face qarket. 

(1 - Minimum. 112 inch !125 mm) bolts spaced 4 inch (102 mml 
centers maximum. 

R - Minimum. 2 inchn 151 mm) for tanks 6 feet 11.8 m) Ln diameter 
or larger. 

t - Not less than No.7  gage 10.179 inch1 14.55 mml nominal. , , 
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10. Heating Coils and Hot Wells 

10.1 A heating coil or hot well, if provided as a 
part of a tank assembly and if handling a fluid 
other than that stored in the tank, such as steam or 
hot water, shall have no joints in that portion 
located within the tank unless such joints are 
continuously welded or brazed. 

10.2 Inlet and outlet connections of a heating 
coil or a hot well shall be located above the highest 
normal liquid level. A continuous weld shall be 
made where a connection pierces the shell of the 
tank or a manhole cover. 

MANUFACTURING AND PRODUCTION 
TESTS 

11. General 

11.1 Each tank, before painting, shall be tested 
by the manufacturer and proved tight against 
leakage in accordance with one of the lollowing 
methods: 

A. By applying internal air pressure and using 
soapsuds, linseed oil, or equivalent material for 
the detection of leaks. The test pressure is to be 
not less than 5 nor more than 7 pounds per 
square inch gauge (psig) (34.5-48.3 kPa). 

B. By completely f i k g  the tank with water 
and a?&'ing an additional 5 psig (34.5 kPa) 
pressure. TtXen using this method, the tank is to 
be plactd in the .  possfrion in which it will be 
installez- 

11.2 . If leaks are noted during the test, the tank 
shall be made tight by welding and retested.. 
Defects in welds shall b e  repaired by chipping or 
melting OUT from one. or 5 0 t h  sides of the joint;as 
required, .azd sewelding " 

11.3. Each compartment of compartment:tanks 
shall be sepmtely tested for leakage. 

MARfCTNG 

12. General 

12.1 Ea& tankshall be marked with the name of 
the manuficturer or  a distinctive' marking, which 
may be in code, by which it may be identified as  
the producx of a particular manufacturer. 

12.2 If a manufacturer produces tanks a t  more 
than one fzctory, each tank shall have a distinctive 
marking io identify i t  as the product of a 
-particular .fxtory. 

. .  

... - 

! 

. _ _  . .- .I .... - . . ... . 



. .e , 

, OClOBEK.29,1976. - , '  16 ' STEEL UNDERGROUND TANK FOR ELAWABLE AND COMBUSSBLE LIQUIDS.- LII 58. 

. .  APPENDIX A 1 . 8  , . : ~ L Z . . ~ , : * S ~  : . . I , ;  . .  . . .. . .  . . .: .* c " 

, .  

TABLE I ,TASLE 11 . ,  . .  
TD-3 GALLON CAPACITY PER FOOT OF LENGTH LITER CAPACITY PER METER 

OF LENGTH 
,I  ; 

TD4  . .  - . .... t - - r .  '1.: meter Gallons meter ' Galfons ' ' .. meter .. 'Gallms . . ~ ~ ,  -'.: . . .  
Dfameter in mm , ~ : ~ ,  i j_ ,  . . .; Liters Ldm3) 1,:met.r Length 

Dia- u. s. Dia-'' U. S. Dia- ' '  il. s. 
in I-Foot " in , 1.Fwt , . . : . >. . . _>., ,. . in 1-Foot 

j inchen Length Inches Length' lndher Length 
600 282.7 .* 

24 23.50 
25 25.50 
26 27.56 
27 29.74 
28 31.99 
29 34.31 
30 36.72 
31 39.21 
32 41.78 
33 44.43 
34 47.16 
35 49.96 
36 52.88 
37 55.86 
38 58.92 
39 62.06 
40 65.28 
41 66.58 

45 62.62 
46 86.33 
47 00.13 
48 94.00 
49 97.96 
50 ' 102.00 
51 . 106.12 
52 110.32 
53 114.61 
54 118.97 
55 123.42 
56 127.95 
57 ' 132.56 
58 137.25 
59 ,142.02 
60 146.88 
61  151.82 
62 156.83 
63 161.93 
64 187.12 

65 
66 
67 
66 
69 
70 
71 
72 
73 
74 
75 
76 
77 
76 
79 
80 
81 
82 
83 
84 
65 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
08 
99 

100 
101 
102 
103 
104 

172.36 105 
177.72 106 
183.15 107 
186.66 108 
194.25 109 
199.92 110 
205.67 111 
211.51 112 
217.42 ' - 113 
223.42 ' 114 
229.50 115. 
235.60 11 6 
241.90 117 
248.23 118 
264.63 119 

267.69 121 
274.34 122 
281.07 '123 
287.86 124 
294.78 125 
301.76 126 
306.61 127 
315.95 128 
32316 120 
330.48 130 
337.66 131 
345.33 132 

360.51 134 
368.22 135 
376.01 , 136 
383.69 137 
301.84 136 
399.88 139. 
408.00 140 
416.00 141 
424A6 142 
433.10 143 
442.80 144 

261.12 120 

352.88 i 3 3  

449.82 
456.30 
467.70 
475.89 
485.00 
493.70 
502.70 
511;90 
521.40 
530.24 
510.00 
649.50 
556.51 , 

568.00 
577.80 
58i.52 
597.70 
607.27 
617.26 
627.00 
636.20 
647.74 
656.60 
668.47 

' 678.96 
690.30 ' 

700.17 
ilO.90 
721.71 
732.60 
743.58 
754.61. 
76.78 
776.99 
788.30 
799.66 
811.14 
822.69 
834.32 
8-16.03 

. .  
1 

700 .. 384.8 
800 502.7 
900 6362 

958.2 
1000 

1200 1131.0. 
1300 13273 
1400 1539.4 

1767.2 
2010.6 

1500 . .. . . . .  
1600' .,.:.-:, .' ' . 

2269.8 1700 
1800 '2544.7 

28383 '1900 
2000 ' 3141.6 
21 00 ,3463.6 
2200 3801.3 
2300 4154.8 
2400 4523.9 
2500 4908.8 
2600 5309.3 

5725.6.- moo 
6157.5 
6605.2 

2800 
2900 . 

3000 7068.6 
3100 7547.7 
3200 80425 
3300 8553.0 . 
3400 9079.2 
3500 9621.2 
3600 10178.8 ' , 

3700 10752.1 
3800 11341.2 . . 

785.4 
I100 " 

. .  
. .  

. .  

L. 
> 

a 
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De f in i t i cns  - continued 

n a t i o n a l l y  recognized stanZerc?s o r  tes, ts  t o  
determine s u i t a b l e  u s q e  in 2 s i e c i f i c .  =23nez. 

S f A i I C  ELECTRICiTY -, The e l e c t r i f i c a t i o n  o f  n a t e r f ~ l s  th rouzx  3hF:sica: 
con tac t  and separa t ion ,  znd .the v a r i o u s  effects 
t h a t  r e s u l t  from. t h e  p s i t i v e  and negat2vve 
charges so formed - p2TtiCu12r1y where. tbey  
c o n s t i t u t e  a fire or explas ion .  hazard, 

SELF COhTAlh'ED BREAIIXXC K??ksATUS - A por t2b le  TespLrztory p r o r e c r i v e  
device  designed to p r o t e c t .  t h e  w e a r e r  fro3 
oxygen-deficient or haz.zrdo=s ztmospihere that 
has  .its O L ~  a i r  or oxy!ge.u s u p j l y  .and 5 s  cqproveti . ' 
by RIOSH (Sa t iona l  I n s t i t m e  of 'Occup.ationa1 
Sa fe ty  znd .Health).  - 

VXDOR AFZ!+ - SEE U.F.C. 

See. 79:603 
a l t e r a t i o n  or repair  of tanks  or equipment i n  c o n n e c t i m  with %he s to rage ,  
handliag,  use or s a l e  of f l a m a b l e  or combustible l i q u i d s  reguzared by the 
Unifor, € i r e  Code, a p e r n i t  s h a l l  be appl ied for f r c m  t h e  Chief .  I:o on- 
site work s h a l l  be  i n i t i a t e d  u n t i l  a pemit  h a s  b e e n  issued.  {See A r t i c l e  
4 ,  U.F.C.) 

(b) 
c e r t i f i c a t e s ,  s p e c i f i c h t i o n s ,  l i c e n s e s ,  c e r t i f i c a t e s  of insurance  an2 
such o ther  docusents rzqui red  by t h i s  s tandard and  the Chief. 

(a) P r i o r  t o  engaging i n  any e c t i v i c i e s  r e l a t i n g  to tSe 

A t  t h e  t i n e  a perr r l t  i s  app l i ed  f o r ,  the a p p l i c a n t  shd1 subnit a l l  

See. 79.604 (a) X a t e r i a l s  used f o r  t h e  i n t e r i o r  l i n i n g  of steel  under- 
ground t snks  s h a l l  be approved by t h e  Chief. 

(b) Guidelines f o r  approval nay inc lude  t h e  folIoL5ng: 

1) :hterials 1i; ted by a n a t i o n a l l y  recognized  t e s t i n g  l r b o r a t o r y  
f o r  t h e  intended use. . 

Acceptable n a t e r i a l s  s h a l l  s a t i s f y -  the fo l lowing  recpiremenEs 
c e r t i f i e d  by the manufacturer and i n  accora'.%nce with n a t i o n a l l y  
recogcized and accepted s tandards,  p r i n c i p l e s  and tests. 

a .  Ashesfon 

2) 

Coetinrp,  when appl ied  to pro?e r ly -p rep red  ste2l s u r f a c e s  
n u s t  Ea in t a in  adhesion (bond) t o  the t a n k  c h i l e  in l e s  
designated se rv ice .  

. . .  

?age 2 cf 21 
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Sec. 79.695 (a) S i t e  P repa ra t ion ;  P r i o r  t o  excavat ion ,  the site s h a l l  ' 
be safeguarded from a11 sources  of  i g n i t i c n  f o r  an a r e a  of 25  f e e t  in 
a l l  d i r e c t i o n s  u n t i l  vapor f r ee .  
ecuipEeat w i th in  t h e  a r e a  s h a l l  be s h u t  d o n .  
reeding ' ' F l x z z b l e  - XO Saoking" s h a l l  be provided Ln accor2acce w i t h  .the 
d i r e c t i o n s  of t he  Chief.  - 
(b) Clearance. A c lea rance  f ro=  t h e  Chief shal l  be ob t s ined  p r i o r  t o  ' . 

?roceeZinz v i c h  any xork t h a t  m y  genera=e o r  ? roeace  € l a c a b l e  o r  con- 
bus tible vapcrs.  

(c) F i r e  p t i n g S i s h e r s .  Two p o r t a b l e  A:B:C t ype  . f i r e  ex t icp ishers  each 
having a r a t i n g  n o t  less than  803:C s h a l l  be,provir?ed on t h e  s i te  in 
accordzace w i t h  U.F.C. Standard 120. 10-1 for e x t r a  (high)  hazard,  

(6) Ezerzency Comcr.ications.  A de?endzble method, approred  by the Chief, 
of no t i fp ix& t h e  f i r e  dep2rtment s h e l l  be m i n t a i n e d .  

(e) Sce t i c  E l e c t r i c i t y  Control .  hdequate prec.autions s h a l l  be t z k e n '  to 
ixitvent t he  zccuxulat ion axd d i scha rge  of s t z t i c  e l e c t d c i t y . . :  . . 

(f)  Class I, 3 i v i s i o n  I E l e c t r i c a l  Equipnent.  A l l  electricai equcpneat 
used i n  t h e  e r e a  n u s t  be explosioil-proof (Class 1, Gro$ D. Dlvis io i l  I )  or 
approved for t h e  service. 

P?E.P.LUTION FOX OPZXEiG TIE TAX?: 

See. 79.606. Tank Iso l .a t io9 .  Before 2ny vork on . the .  e x t e r i o r  s u r f a c e  of 
rhe rank begins,  t anks  must b e  in spec ted  t o  de te rmine  hcw t h e  t z n k  i s  to 
be i so l a t ed .  I f  a tank  i s  equipped v i t h  2 mani fo ld  v e n t  o r  fill l i n e  o r  
syphon assezbly,  necessary  measures n u s t  be t a k e n  to i s o l a t e  each zank(s). 
~ l l  product 2nd vapor recovery pipi3g. s h a l l  be d isconnec ted  and blanked 
o f f  and the  bungs of t h e  t ank  pluggel .  
should be i s o l z t e d  fron v e n t s  for o t h e r  t anks  xh ich  may s t i l l  be .in service. 
This r,ay r equ i r e  2 te3porary s e p a r a t e  v e n t  f o r  t h e  t ank  being.  l ined. .  
e l e c t r i c a l  s ; i tches  su2ply'ing e l e c t r i c a l  c u r r e n t  to subnergeci p u q s  and/or 
other  equi?=znt connected t o  t h e  t a n k  s h a l l  b e  dlsconne:ted 2nZ locked. 

set. 79.607. i(e=oval c f  Liquid  Product .  As much prodcc t ,  ua:er zn t  seZlr-enr 
e s  p o s s i j l e  s h a l l  be re loved  us ing  explosion-proof or a i r  driven puqs,. Pu: 
zo to r s  and s c c t i o n  hoses  n u s t  be bonded t o  the t a n k  t o  pTeVenC elecrrast&Zfc 
i g n i t i o n  hazards. A s z a l l  quant izy  of k a t e r  can be pur_Fcd i n t o  c%e tank t o  
f l o s t  t h e  proZuct f ro= a low spo t  vhere  i t  can be puzped f r o a  t h e  tazk. A15 
. *:.ere ... tu5es  sh211 be reaoved to, allow f o r  n2xir.uz re- 
=cy21 o? a l l  l i c u i d  and f~ provide f o r  aZequate a i r  v e n t i l a t i o n .  

A 1 1  open f l m e  anZ s p a r k  ProZucing 
9Er r i cades  a i 2  cazncns  sigris 

. ,  

. 
- 

The v e n t  f o r  t h e  tznk be ing  l i ned  

A l l  

p s s i j l e ,  fill (Srop) 
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79.609 - ccnt inued  

. 
esuc tor ,  zusz b e  ob ta ined  before  the  tank i s  c o n r i l c e d  s a f e  for opening. 

79.610. If no manxay esists, &iî zn e x i s t i a g  manway 
is l e s s  than 2 4  inc3es  i n  d i a z e t e r ,  ~n G ? C n h g  wit 'n t h e  ainimun diaension 
of 24" X 24" s h a l l  be c u t  i n  t h e  t o p .  
s>ould be r;er>.ed square  wi th  chalk and 2 h o l e  drilled w i t h  an ez? los ion-  
proof (such as e i r -d r iven )  d r i l l  a t  one c o r n e r  of t h e  s e c t i o n .  Afrer t h e  
ho le  i s  Z r i l l e d ,  t h e  tank  v2pors nilst age in  b e  t e s c e 2  by i n s e r t i n g  the 
a e t e r  protje i n t o  t>e  hole' t o  v e r i f y  the: the v z p o r  c a n c e n t r a t i o c  does not 
exceed 10  pe rce rx  LFL. 

SOIE:  It is  k p o r t e n t  t h a t  t h e  purging, a i r  v e n t i l a t i o n  and t e s t i n g  continil.? 
throughout t h e  e n t i r e  l i n i n g  ope ra t ion .  
operatLon minina l  a i r ' . p r e s s u r e  s h a l l  be r ra inca ined  t o  prevent. a blov 
out. 

Opening t h e  Tank. 

The t a ~ k  se:cion' t o  be re2oved 

Dur ing  t h e  t a n k  c u t t i n g  

Th? tank , s h a l l  b e  c u t  u s ing  an  explosion-proof (such as air-dr iven)  saber 'sz? 
o r  sn ipper  u s i n g  . l u b r i c a t i n g  o i l  t o  reeuce f r ic . t io t ,  hezt 2nd p o s s i b l e  s p z r k  
P r i o r  t o  the  f i n a l  cut. ,  t h e  p l a t e  - s h a l l  b e  s u p p c r t e 2  to p r e v e n t  i t s  f211bg 
i n t o  th@ tank. . .  

- 
See. 79: 611. Tenk Entry.  Before e n t e r i n g  t a n k s ,  tke proce2ures  descr ibed  
in A D 1  T u S l i c a t i o n s  2015, "Cleaning P e z r o l e w  S t o r a g e  Tznks". 2nd 2015A, 
#. Guide f o r  C o n t r o l l i n g  t h e  Le2d Hazard Assoc ia t e6  v i t h  Tank Entry and 
Clezning", should b e  fo l loved .  Th i s  i nc ludes  checkLng the oxygen contene. 
i n s i d e  t h e  tank  wf th  2 prope r ly  c a l i b r a t e d  oxygen mon i to r ,  A t  all tines, 
personnel  . e n t e r i n g  t h e  tank s h a l l  be equipped v i th  p o s i t i v e  p r e s s u r e  air  
suypl ied  equipment wt th  f u l l  f a c e  enc losu re  and. safety h a r n e s s  connected 
t o  2 s a f e t y  l i n e  h e l d  by an a t t e n d a n t  o u t s i d e  the radc. 
b rea th ing  a p p a r a t u s  ~3211 be a v a i l a b l e  t o  t h e  a t t e n 2 a n t  for rescue. oper- 
a t i o n s  os othsr  energe5cies .  

A self-contained 

O i l  2nd v a t e r - r e s i s t a n t  rubber  cr  neoprene b o o t s  2nd gloves s h a l l  b e  worn. 
Clothing s h a l l  cove r  t h e  arms. l egs .  t o r s o  and h e a d  o f  rank en t ry  personnel. 
Dfsposzble c l o t h i n g .  impervious t o  product ,  i s  p r e f e r r e d .  Clothing sa t c ra t e r  
wi th  product shal l  be removed i m e d i a t e l y .  A 1 1  p e r s o n n e l  working i n s i d e  t h e  
tank  should b-iliar w i t h  Ah's1 2117.1, "Confined Spaces Safety". 

- 

T e s t s  with t h e  combust ible  gas inZ ica to r  and oxygen = o n i t o r  should be per- 
foraed p e r i o Z i c a l l p  i n  t h e  tank t o  a s c e r t a i n  t h a t  t h e  tEnk v q o r s  and oxygern. 
conten t  are i n  t h e  s z f e  range. It should b e  r e c o g c i z e d  t h a t  i f  t h e  tank  is 
pe r fo ra t ed ,  p roduc t  o r  vapors  which have l ezked  i n t o  the  s o i l  nay re-en:er 
t h e  tank  through a p e r f o r a t i o n .  The v e n t  l i n e  s h a l l  r e s a i n  clear and unob- 
s t r u c t e d  t o  allox cont inuous v e n t i l a t i o n .  
be plugged o r  c2pped o f f  t o  i n s u r e  no l i q u i d s  o r  vzpors r a y  e n t e r  t h e  tank 
Euring t h e  l i n i n g  o p ~ a t i o n .  

79.612. Sludge Reroval.  Sludge accumulation on t h e  b o r t o x  of t h e  t ank  ~ s s t  
be removed and p i aced  i n  t i g h t l y  sea led  c o n t z i n e r s .  
a s  soon as p r a c t i c t l  i n  accordrjnce w i t h  l o c z l ,  S:atre 2nd  i e 2 e r a l  regula t ions ,  
vhich r ; ~ y  r e q u i r e  nan2atory docuaentat ion 2s c e l l  zs safe 2 is?osa l .  

4-11 other l ines znd openings s h a l l  

IC m u s t  be disposed of 

- 
Page 6 of 21 
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Sec. 79.613. Surface Prepsra t ion .  A l l  a b r a s i v e ' b l a s t i n g  personnel  
should be f a m i l i a r  wi th  t h e  hazards  descr ibed  in &,?I P u b l i c a t i o n  2027,  
"Igni t ior .  HzzarZs Involved i n  Abrasive Blastin:  of Tanks i n  Service". 
;211 F e r f o r a t i o n s  s h a l l  be plugged wi th  b o i l e r  p lugs  o r  hydrau l i c  cement 
as necessary t o  p e n n i t  ab ras ive  b l a s t i n g ;  seam zay  be plugged. w i t h  
hydrau l l c  ceaent .  

- 

- 

T h e . e n t i r e  i n t e r n a l  tank s u r f a c e  s h a l l  be a b r t s i v e  blasted conble ' tely free 
of s c a l e ,  r u s t . a n d  f o r e i g n  natter.  Abrasive b l a s z  opera . tors  s h a l l  wear 
z?proved h e l n e t s  connectas  t 0  sources  of c k + n  air. Sonding should be  pro- 
v ided  between the  b l a s t i n g  rozzle 2nd t h e  work s u r f a c e ,  or  else the b l a s t i n g  
nozzle, should b e - e f f e c t i v e l y  grounded to provide e q u i v a l e n t  p r o t e c t i o n  from 
s t a t i c  charges.  

0 

w . . .  
I Set. 79.614. 'iznk Inspect ion.  During in spec t ion ,  the entire s u r f a c e  of 

f-he t ank  s h a l l  be inspecred us ing  a ' l i g h t  ffxture =?proved f o r  Class I; 
' Div i s ion  I. Group b hazarZous loca t ions .  The s t r u c r u r a l  i n t e g r i t y  of t h e  . ,  

'i?j 
_x 

_ _  -~ ~ 

f23k s h a l l  be BetemLned by an approved non-destruct ive th ickness  r e a s u r i n e  
d e v i c n h e  e n t i r e  tank i n t e r i o r  stall be in spec ted  usin? t h e  approved w a r 1  
t h i ckness  rceasuring device on a two f o o t  g r i d  ?attern and also a v i s u a l  
inspectien.. 
=ill be t a o ' t e s t e d  wi th  a ballpeenhamner t o  6eternrrre extent of m e t a l  loss. 
A l i n e d  rank ' s  s t r u c t u r a l  i n t e g r i t v  i s  dependent on t h e  s t e e l  tank s h e l l ;  
t h e r e f o r e  a r e p a i r a b l e  tank w i l l  be i d e n t i f i e ?  bv the f o l l o v i n g  guidel ines:  

A l l  ques t ionable  tank c;ell a r e a s  ( l e s s  t h a n  1/8" w a l l  thickness) 

, 

1. P. tank having a s i n g l e  open sear, o r  s p l i t  no l o n g e r  than  t h r e e  (3) icches 
i n  a reas  o the r  than wi th in  s i x  (6) inches  o f  h e a d  t o  s h e l l  sea=; or , 

2. A tank ha;.ing a s i n g l e  p e r f o r a t i o n  n o - l a r g e r  than oae an6 one-half (1-1/2) 
inch  i n  d i a z e t e r  escept  under t h e  gauging cpeniqg  =here t h e  pe r fo ra t ion  
=,ay be  no l a r g e r  than t-do 2nd one-half (2 -1 f2 )  i n c h e s  2c dizDeter; o r  

t;;;ll; with less than f i v e  ( 5 )  p e r f o r a t i o n s  (none k!r&Er th27 o3e-521: 3. 
inch ix dizze te r )  i n  any one square foot  =re=; o r  
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Sec. 79.615: & p l i c a t i o n  of  Lining.  F r i o r  t c  t h e  &?plZcz:icn of lir..ing . 
n a t e r i z l :  b o i l e r  p lugs  and h y d r a u l i c  cement p lugs  s h a l l ;  be ,cove red  vslth 
epoxy o r  2o lyes t e r  then covered w i t h  f i b e r g l e s s ,  c l o t h  (ii5nizzum 1% o:../yd2, 
s i l a n e  t r e a t e d )  d i i c h  ove r l aps  a l l  s i d e s  of t he  p lug  vLth a minium of 
two (2) inches.  I f  a p e r f o r a t i o n  i n  2.sean I s  present.,. t h e . p e r f o r a t . i o n  
s h a l l  be  sea l ed  with hydrau l i c  cement t hen  covered wi th .g l a s s .  c l o t h  and  
r e s i n ,  overlapping t h e  p e r f o r a t i o n  by six (6) inches .  

d inens iom of 8".by 8" s h a l l  be i n s t a l l e d  unc'sr the fill (Crop> tube 2nd 
gauging tube. 1 This p l a t e  s h a l l  be  covered w i t h  f iberg1as . s  cloth i;;becXed . . . 
i n  r e s i n .  The blast-cleaned s u r f a c e  should bt co.ate6 vithin e i g h t  h o u r s  , . 

a f t e r  blest ing.  and before  any v i s i b l e  r u s t i n g  occurs'.. 
mater ia l& n e e t i a g  t h e  s p e c i f i c a t i o n s  i n  Sect ion 79.604 s h a l l  be used, 
Yanufacturer's i n s t r u c t i o n s  are t o  be followed on h z n r l l k z  end/or prepzr-  
a t i o n  of t he  l i n i n g  ra te r ia l s  and t h e s e  m a t e r i a l s  S h a l l  be appl ied  to the 
e n t i r e  i n t e r i o r . s u r f a c e  of t h e  tank by t h e  msnufacturer  oz h i s  desfgnzxed 
d i s t r i b u t o r  fo l lox ing  t h e  s p e c i f i e d  ns thod  of appl ica t io .n ,  t o  the Sesignated 
thick7,ess and a t  the recornenzed a p p l i c a t i o n  texperature.. If. a h e a t e r  i s  
used t o  acce le ra t e  the cu r ing  process ,  a l l  o t h e r  v o r k u h i c h  Eight release 
f l a m b l e  vapors  z u s t  be hal ted and t h e  hea t ing  u n i r  nus& be at tended.  
whenever i t  is i n  opera:ion. 
nanufac:urer's s p e c i f i c a t i o n s  a;ld'checked f o r  air pockets ,  an5 p inho les  
using 211 epixoved Holiday Detec tor .  
he repeired t o  manufacturer 's  s p e c i f i c a t i o n s .  C o n t r a c t o r  s h a l l  protect 
t he  coated su r faces  from contaminat ion by f o r e i g n  matter. . 
thickness  s h a l l  be checked wi th  an  Elcometer Thickness Gauge or equ iva len t  
and t e s t ed  f o r  hardness  us ing  a Barco l  liardness T e s t e r  ox equiva len t .  t o  

A 114 ' *  steel  
. r e in fo rc ing  p l a r e  r o l l e d  t o  the contour  of rhe  rank 2nd v l t h  iz&isun 

Only t h o s e  I i n b g  

The .coa t ing  s h z l l  be cured fhoroughly t o  tSe 

I f  any except ions  tre fcund - they shal l  

The coa?lng 

ensure cozpliznce x i t h  nanufac tu re r ' s  s p e c i f i c a t i o n s .  , 

Sec. 79-616. Tank Closing. I f  an opening h t s  bem cu t ,  r h e  t2nk  s h a l l  be 
sealed 2s follows: 

(a). A 114" minixun t h i c k  s teel  cover p l a t e ,  b u t  not  less than t h e  o r5g ina1  
s i z e  p l 2 t e .  r o l l e d  t o  the  contour of the t m k ,  s h a l l  be xa6e co o v e r l s p  the  
ho le  a t  least cwo inches  on each s i d e .  - 
(b) Tne cover s h a l l  be used a s  a t e n p l a t e  t u  l o c t t e  3/4"" d i a m e t e r  h o l e s  
not  esceeZing f i v e  inch cen te r s .  one inch  frcm the ecige a5 t h e  cover a d  
tank ogening. . 
(c) 
a s d  also  s h a l l  include the  o u t s i d e  of t h e  opsning u n k r  eznk co-zer. End t he  
enz i re  i c s i d e  cover s c r f a c e  s h a l l  be  coa ted  ci t 'n  coz t ing  o a t e r i a l  f a  art as 
a gaske:. 

i h e  cover p l a t e  s h a l l  be a b r a s i v e  S l a s t e d  t o  whi te  =eta1 on bo th  s ides ,  

?$ 
0s 

_I 
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TESTISC- 
I 

SEC. 7 9 . 6 1 7 .  Pressure Tes t icg .  Eefore bzckf i l l i ng . ,  t h2  tank  &all be . 
t i g h t n e s s  t e s t e d  iz eccordance w i t h  U.F.C. 'Sec. 79.605 (b). 3 2 r t i c u l a r  
a t t e n t i o n  should be paid t o  t h e  cover p l a t e  znd. a l l  exposed f i t t i n g s .  . - 

Sec. '79.618. . I'acuur. Tes t ing .  
r i g h t n e s s  t e s t e d  a t  2 vacurn eqviva1er.t t o  t h e  b u r i a l  &?:h. of t h e  tank. 
t i n e s  1.05. 

' 

Before brckfilliag. t h e  t a k  shill be 

CEQTEP. 6 

Sec. 79.619. Cathodic P ro tec t ion .  I n t e r i o r  l i n e d  ucdcrgrouad t anks  
shall be ce thodica l ly  pro 'cectel  i n  accorl.+nce w i t h  G.F.C. SD-c. 79.503. 
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FOR EVIORD 

The subsurface environn1ent of ground water presents many challenges to 
effective monitoring efTorts. Physic;ll, microbiological and geochemical forces interact 
over variable time frames 2s the evolution of ground-Lvater solution cltaracteristics 
proceeds. Monitoring data should be collected with mininium disturbance of the 
subsurface. This goal implies careful attention to the details of sound drilling, !vel1 
construction, and sampling niethodologies. 

The complex nature of ground-water monitoring further demands that cost- 
effective choices of materials, target chemical constituents, and procedures are made 
prior to implementation of the network design. Attempts to cut costs for the sake of 
short-term 'savings' can result in substantial added expense. This may occur when the 
goals of the monitoring effort are expanded and information needs reqltire increased 
analytical detail. There are few merits to penny-ivise,. pound-foolish approaches to 
ground-xater monitoring. 
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representative of the water contained in the ground. However, there i s  considet-able 
controversy among laboratories, agency policies, .and' rcsearctps concerning proper 
well construction 'and sampling techniques and appropriate procedures for preserving 
the original chemical character of the saniples. If monitoring wells and  water samples 
are to provide the performance rardstick for disposal facilities' design and operation, 
the significance of various monitoring well construction and sampling procedures and 
preservation techniques must be determined. 

. .  

. f  * . .  Need for and Importance of 'Monitoring 
Ground-water monitoring is essential to' determine the quality of the nation's 

ground-water resources and the effectiven& of ground-water pollution control regu- 
lations. Only through the collection of accurate data can we ascertain .the chemical 
natiire of our giound-water resources. Ground-water monitoring can be diiided .into 
four types: ambient monitoring, source .monitoring, case preparation monitoring, and 
research monitoring. 

Ambient ground-water quality monitoring establishes an understanding of char- 
acteristic regional water quality variations and changes over time. This type of 
monitoring is normally accomplished through routine sampling of wells on, an areal or 
regional basis, The  wells sampled are often public water supply, industrial or domestic 
wells as opposed to specially constructed monitoring wells. The sample collection 
techniques also are often quite different, from those for monitoring wells; Therefore, 
data obtained from ambient monitoring programs may not be comparable to that 
obtained by more rigorous weli construction and s a r r @ ~ ~  procedures', However, the 
data are invaluable in detecting significant changes c-3  n 'I*.=*-- . u a l t ~ y  and protecting 

Source monitoring is the type normally conducted at a potential pollution source. 
Source monitoring. detects and quantifies the migration of pollutants from potential 
pollution sources. Most regulatory programs have 'monitoring guidelines. that detail . 
minimum standards for source monitoring. I n  an effort to minimize cost to the 
regulated community, a two-step approach to source monitoring'has been used by most 
states. 

The  first step is a minimum-requirenienI approach based on the principle of 
detecting leakage of 'pollutants .fro& disposal or storage.facilities. It is understood that 
data collected from a detective monitoring scheme will not define the extent or 
seriousness of a developing problem. Therefore, once the detective monitoring system 
has sounded the alarm, most states require a more definitive monitoring,program .to 
provide interpretive information concerning the extent and seriousness ofthe problem. 

The second step is interpretive monitoring which normally requires expanded 
information needs and the installation of additional wells. The purpose of interpretive 
monitoring is to define the. limits and concentrations within the. plume of pollutants 
moving from the presunied source. .The addition of wells areally, and.verticnlly nested 
well sets often is .required to adequately define plume geometv and concentration 
gradients.. . ' 

Cizse-pr&-ation or ~~lforccnieni  nionitoring is 'undertak.en by the regolntof). corn- 
munity to .collect evidence for prosecution of grounc!-uvater pollution cFses. This type 

public health. , . .  
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' i,u . , of monitoring usually is developed in rcspoI,>e to the language in the appropriate laws 
. , intended to be used in the prosecution of the case. The detailed information resulting 

from this type of monitoring generally is more specific with respect to concentrations 
and changes in concentrations at the legal points of regulation. Further definition of 
pltime geometry or concent.rations normally is not required for successful 1itigat.ion. 

Research monitoring often results in a level of  data collection far beyond that 
required for other types of nionitoring activities. Added information is required to 
help understand and document the mechanisms controlling solute transport of pollu- 
tants. T h e  collection of this type of monitoring data is very rigorous and demanding 
although limited to specific research goals. 

Selection of the types and levels of monitoring to be used in any situation should 
be made with care and judgment. T h e  goals of a proposed monitoring program should 
be clearly stated and'understood before consideration is given to iqhat types of wells 
should be constructed, where they should be located, how deep they should be, what 
materials should be used,' what chemical constituents should be analyzed, and how 
samples should be collected. Successful and cost-effective monitoring at  all levels can 
be accomplislied only after the goals or purposes of the monitoring program are 
thoroughly understood. 
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& Considerable effort at EMSL-Las Vegas is cliiecterl tor\.nrd monitoring ground- 
water quality using non-drilling or remote-sensing tecIrrri<lklcs, cspccially at hazardous 
waste sites. One project is investigating the feasibility ofs ; l , l , , ,~~l l~  by cone pcnetrometcr 
in lieu of conventional clrilled wells. Other projects in\ol\e L1sing geophysical methods 
such as complex resistivity for tracking leachates from llnrar&us waste sites. 

Research at’ MERL-Cincinnati does not specificnlly :&lress ground-water mon- 
itoring. The emphasis there is on providing technic;1l SLlI),)Ot’t to RCRA and Sup.erfiind 
activities of the Agency. Most research is related to relllc(li:il action activities at waste 
disposal sites and/or the evaluation of the effcctivcncss of these actiVities. Ground- 
water monitoring is necessarily a part of such evaluations, but development of new 
monitoring techniques is generally not a part of hfEt<Cs research efforts. 
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SECTION 5 , I  

MONITORING WELLS AND SAMPLING APPARATUS 
< -  

The success .of a ground-water monitoring program depends, in part, on the 
selection of the proper type of well. 

Productian or traclitianal wells often are used to obtain samples in ambient 
ground-water monitoring programs. Designed to yield large quantities of turbidity-free 
water for potable or irrigation supplies, these wells generally tap the more permeable 
portions of an aquifer. Chemical data-obtained from these wells depict the quality of 
water being delivered to the user conimunity. Because water pumped from these \sells 
is a composite of water from different' horizontal and vertical strata in the aquifer 
systems, the presence of relatively narrow or small plumes of polluted water can .be 
masked by dilution with water obtained from unaffected portions of the aquifer.' 

Production or traditional wells should not be used for the more detailed source, 
case-preparation, and research types of monitoring. Such detailed monitoring efforts 
call for wells designed to determine the ground-water quality at a given location and 
depth within the geblogic materials being monitored. All available geologic and 
hydrologic information for the site of interest should be reviewed prior to selecting. 
preliminary locations and depths for monitoring wells. The potential paths of pollutant 
movement from the'site should be estimated and wells should be placed so that they 
can effectively and quickly detect releases. Information gained during the drilling 
process shouid be used to modify the monitoring plan to make it more effective. 

Monitoring Well Components 
The principal reason for constructing monitoring wells is to collect ground-water 

samples which, upon analysis, enable describing a contaminant plume and tracking 
movement of specific chemical or biological constituents. Obviously, the .location of 
monitoring ivells spatially and vertically is important. Of equal importance is the design 
and construction of monitoring wells to provide easily obtainable samples that will yield 
reliable, meaningful information. In general, monitoring well design and construction 
follow production well design and construction techniques. However, emphasis is placed 
on the effect these practices may have on the. chemistry of'the water samples being 
collected rather than on maximizing well efficiency. 

From this emphasis,. i t  follows that an understanding of the chemistry of the 
suspected pollutants and' the geologic setting in which the moniroring wells are 
constructed plays a major role in the drilli.ng technique.and materials used. There are 
several ,components to be considered in the design of a monitoring well, including' 
location, diameter; depth, casing, screen, sealing material, and well development. As 
these components are discussed in detail, it may be helpfh to refer to Figure 5-1, 
which portrays two typical well installations: one for water supply and the.other .for 
ground-water quality monitoring. . 
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Figure 5-1. Schematic diagrams of tvpiwl water rupplv (a1 and monitoring lb) well installations 

Vie// Location 

The location of a monitoring well should be selected on the basis of the.purpose 
of the program. This purpose may be to verify predictions of contaminant migration; 
to detect contaminants in drinking water supplies and thus protect public health; to 
activate a contingency .plan such as a program for leachate collection; to protect the 
operator; or to reassure the public by demonstrating that their water quality is being 
monitored. Each of these purposes will require a somewhat specialized array of 
monitoring points and a somewhat different sampling program. The  monitoring system 
must be designed to suit the purpose(s) in mind. 

The positioning of a monitoring point in a contaminant flow path for an 
“interpretive” monitoring effort must be determined on the basis of reliable preliminary 
data. To do this, the contarninant flow path must be clearly defined in three dimensions 
during the “detective” phase. Only then can the optimum location. for proposed f- 
monitoring wells be effectively determined. . .  

We// Diameter _- 
A domestic.wvater supply Gel1 is commonly 4 inches in diameter to accommodate 

a submersible pump capable of delivering 5-10 gallons per minute. Municipal and 
. .  
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industrial supply wells have greater diameters to handle .larger pumps and to increase 
the available screened open are;\ so the well can produce water more eficiently. Like 
that of a m t e r  supply well, the diameter of a monitoring well is determined by the 
size of the sampling device or pump. This strategy works well in very permeable 
formations, but unlike most water supfJy wells, monitoring wells are quite often 
completed in very marginal water-producing zones. Pumping one or  more well volumes 
of water from a monitoring \vel1 built in such zones may present a serious problem if 
the well has a large diameter. Large quantities of water must be disposed of, and it 
may take several liotirs or even days for enough water to return to the well for 
successful collection of a representative sample. With the advent of several commercially 
available small-diameter pumps (less than 2 inches outside diameter) capable of lifting 
water from several hundred feet, it is rarefy necessary to construct monitoring wells 
larger than 2 inches in diameter. Additionally, the smaller the diameter, the less it wi!l 
cost for drilling and construction. A thorough discussion of advantages and disadvantages 
of monitoring well diameter has recently been published (55). 

@ 

. 
' 

Well Depth 
The depth of each monitoring well nornially is determined by the geohydrologic 

conditions at thesite being monitored. Most "detective" monitoring wells are completed 
in the first relatively permeable water-bearing zone encountered, since potential 
pollution sources requiring the installation of monitoring wells are frequently at ground 
surface. Locating the monitoring well in the! first relatively permeable zone therefore 
yields an early warning of the migration of pollutants in most situations. However, care 
must be taken to assure the well is.completed at a depth sufficient to allow for seasonal 

j 

water table fluctuations. Under confined 'or semi-confined (leaky) conditions the water, 
level will rise above the top of the water-bearing zone. In this instance, the well should 
be finished in the water-bearing zone and not above it. 

If the water-bearing zone is thick'(greater than 10 feet) or contamination is 
known or suspected in deeper formations, multiple wells completed at different depths 
should be used. For sampling at various depths, some' engineers have. nested several. 
wells .in a single borehole. This requires drilling a large diameter hole and exercising 
special care to ensure that the vertical integrity of the sampling points is maintained. 
It is important that monitoring~wells be constructed so that they are depth-discrete, 
that is, so that they sample from one specific formation or zone.withoiit interconnection 
to others. To assure that,this requirement is met, provisions for placing cement grout 
above and, if necessary, below the intake portion of the well, must be made in the: 
design of the well. . ' 

WeN Design. and Consfruction Materials 
The type of material used for monitoring well casing can have a distinct effect 

on the quality of the Jvater samples collected. Galvanized casing will impart iron, 
manganese, zinc and, cadmium to inany waters. Steel casing may .iriipart iron and ' ; 
manganese to the water samp!es. 'PVC pipe has been shown to release and adsorb trace 
amounts of various organic constituents'to water after.prolonged . .  exposure; PVC solvent 
cements useci to attach sections of PVC,pip& also have been shown to release significant 
quantities of organic conipo,unds. Teflon* and glass are anlong themost 'inert materials 
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P that have been considered for monitoring well construction. Glass, however, is very 
difficult and expensive to use under most field conditions. Stainless steel also has been 
found to work satisfactorily. A detailed discussion of materials is presented in later 
portions of the text. 

In many si.tnations, it may be possible to compromise accuracy or precision for 
initial cost. For example, if the contaminants of interest are alpeady defined and they 
do not include substances whicli might bleed from, sorb or interfere with other 
analytical methods, it might be reasonable to use wells cased \vith a less expensive 
material. Wells constructec! of less-~l~ari-opti~nr~m materials might be used for sampling 
if identically constructed \ve!ls are available in both uncontaminated and contaminated 
parts of the aquifer to provide ground-water samples for use as “blanks.” Obviously, 
such “blanks” may not :idc!ress adequately problems of adsorption on or leaching from 
the casing material induced by contaminants in the ground water. Careful consideration 
is required in each individual case, and the analytical laboratory should be fully aware 
of construction materials used. 

Care must be given to the preparation of the casing and well screen materials 
prior to installation. As a minimum, both should be washed with detergent and rinsed 
thoroughly.with clean water. Care .also should be taken to ensure that these and other 
sampling materials are protected from contamination by using some type of ground 
cover such as plastic sheeting for temporary storage in tlle work area. 

All wells should allow, free entry of water. They also should produce clear, silt- 
free water. For drinking water .supplies, the reason is obvious: sediment in the raw 
water can create additional’ pumping and treatment costs and lead to the general 
unsuitability of the finished water. With monitoring wells, sediment-laden water can 
greatly lengthen filtering times. and create chemical interferences with the collected. 
samples. 

Commercially manufactured well screens generally work best provided.the proper 
slot size is chosen. In formations where fine sand, silt, and clay predominate, sawed or 
torch cut slots Gill not retain the material, and the well may clog. It may be helpful 
to have well screens of several slot-sizes on site so that the correct manufactured screen 
can be placed in the hole after the water-bearing niaterials have been inspected. Gravel- 
packing materials compntible with the selected screen size will further help retain fine 
materials and also allow freer entry of water into the well by creating a zone of higher 
permeability around the well. 

Well screen length is an important consideration. When monitoring a potable- 
water-supply aquifer, the entire thickness of the water-bearing formation should be 
screened. This provides an integrated water sample similar to what would be found in 
the drinking water supply. A monitoring program to describe contaminant plume 
geometry requires sampling discrete intervals of the water-bearing formation. In this 
situation, screen lengths of no more than 5 feet (1.5 m) should be used. Thick aquifers 
would require cornpletion of several wells at different depth intervals. In some situations, 
only the first water-bearing zone encountered will ‘require monitoring. E k e .  the 
“aquifer” may be only 6 inches to a few feet (0.2-2 m) thick, and the screen length 
should be limited to- 1 or 2 feet (<1 Ci). Monitoring for low density organic solvents 
or hydrocarbons which’ may float oh the water surface creates a special problem. In 
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such a case, the' screen must be long enough to extend above the water level in'the 
formations so these lighter substances can enter the well. 

It is critical that ihe  screened portion of each monitoring well access ground 
water from a specific depth interval, Vertical movement of water in the vicinity of the 
intake and around the casing must be prevented to obtain samples representative of 
that in the formation of interest. Specifically, rainwater can infiltrate backfill materials 
and .dilute or contaminate samples collected from the screened portion of the well. 
Vertical seepage of leachate or contaminated water from adjacent formations along the 
well casing also may produce unrepresentative samples for the depth interval being 
sampled. More serious indeed is the creation of a conduit in the annulus of a monitoring 
well which could contribute to or hasten the spread of contamination. 

Monitoring wells usually are sealed with neat cement grout, dried bentonite, or 
bentonite slurry. TYhile a neat cement grout often is recommended, shrinkage and 
cracking of the cement upon curing can create an improper seal. The use of bentonite 
traditionally has been considered more effective than neat cement grout. However, 
recent studies have shown that some organic compounds migrate through bentonite 
layers with little or no attenuation (56). .Therefore, expanding cement appears to offer 
the greatest potential for the effective sealing of wells. There are several commercial 
formulations of this type of cement which generally is more chemical resistant than 
clays. The seal should extend from just above the well intake to a level above the 
highest known seasonal water level. Backfill cuttings then may be*used to fill the annulus 
in the unsaturated zone provided that they are free of contamination, and a mounded; ' 

expanded cement collar can be placed around the well casing to divert surface drainage 
from the immediate area of the well casing. This collar should extend well below the 
frostline and should be checked periodically for cracks or fissures. 

When sealing materials must be placed beloiv the'water table (or where witer 
has risen in the borehole), it is recommended that they be pumped down the annulus 
through a tremie pipe and filled from the bottom upward. 

Drilling Methods 

The selection of a drilling method. best suited for a particular installation is based 
on the following factors, listed in order of importance: . .  

1) Hydrologic information 
a. types of formations 

c. depth of desired screen setting b&w'wat&rable 
b. depth of drilling . .  

2). Types of pollutants expected 
3) Location of drilling site, e.g., dry lands or inside a lagoon 
4) Design of monitoring well desired 
5 )  Availability of drilling equipment 

. .  
. 

, The principles of operation and the advantages and disadvantages of the more 
common types.of drilling techniques stiitable' for constructing ground-water monitoring 
wells are discussed by ScalF (I). The  following is a briefs.ummary of material presented 
in that publication. 
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Auger drilling frequeritly is accomplished by rotating a solid-stem, continuous- 
flight auger into the soil. As the augers are “screwetl” into the soil, the cuttings are 
brought to the surface on the rotating flights. Auger \>its are essentially of two types: 
fish tail or drag bits for use i n  unconsolidxed maLeri:&,, or cl;:w or finger bits for use 
in consolidated or cemented soils. Once the desired depth is reached, the augers are 
allowed to rotate to clean out the borehole. ?’Ix augers then are removed froin the 
borehole and the well screen and casing illstidlet!. Wiis method is best applied when 
installing monitoring wells in shalloiv unccinso\iciated Cormatio~~s that will maintain an 
open borehole long enough to permit emplaceIncrlt ofthe well, piezometer, or sampling 
device. 

Holloy-stem, continuous-flight auger drilling differs from the solid-stem augers 
in that the stem is hollow. Upon reaching the desired tlepth, a small-diameter casing 
and screen can be set inside.the hollow stem. ?‘he augers then are pulled out as the 
casina is held in place. If the borehole Stdrlds open after withdrawing the augers, an 
artlficial gravel pack is placed opposite the screened portion of the well. I f the  material 
collapses around the screened portion of .the well, those materials are. .ultimately 
removed or altered in grain size by the development procedures employed after well 
construction. 

Auger drilling rigs generally are mobile, fast, and inexpensive to operate in 
unconsolidated formations. Because no drilling fluid is requiied, contamination problems 
are minimized. However, these types of rigs cannot be used in hard-rock drilling. Depth 
limitations vary with the equipment and types of soils, but usually are a maximum of 
150 feet. Collection of formation samples is not expedited by the use of solid-stem, 
continuous-flight auuers. However, conventional soil sampling techniques (split .spoon 
and Shelby tube samFling) can be accomplished effectively during the drilling procedure 
through the hollow-stem, continuous-fl igtit augers. Formation sampling has been covered 
.in detail by Scalf et at. (1). 

Straight rotary drilling is accomplished by pumping a drilling mud down the 
inside of a rotating drill pipe and allowing it to return to the surface through the 
annulus. The  drilling mud cools the drill.bit, carries the cuttings to,the surface, prevents 
.excess fluid loss into the formation and prevents the formation from caving. The 
rotating drill,pipe turns the bit, which cuts. the formation, allowing the cuttings. to be 
flushed out. The drilling fluid (or mud) may be clear water, water mixcdivith bentonite, 
or water mixed with various syntlietic or  natural drilling aids. Rotary rigs generally 
are available throughout the United States. They are capable of drilling in all’types of 
formations to almost any depth desired for monitoring and are fairly reliable’in ‘cost. 
formations. Casing is not required. during the drilling and logging of formations. 

The  use of drilling fluids or muds during construction’ can .bias the results of 
samples.collected from wells:The introduction of clear water has a tendency to allow 
water to migrate into permeable formations which may be of interest. This water must 
be effectively removed before the quality of “native ground water” can be determined: 
Drilling muds also present.a problem during the well ,development and have the ability 
to, affect the transport of certain polluta.nts as water moves toward tlie well. Organic- 
based muds add significant quantities of foreign organic material into the aquifer system 
(57,58,59). Studies concerning the effects of these types of muds on the analytical 
results of collected samples and the biode’gradabili\y, of .,the wuds have not bee,n 
conclusive. 
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Air rotary rigs operate in the Same nlanner as the mud rotary rig except that air 

?.circulated down the drill pipe and retklrtis wit11 the cuttings up the annulus. Some 
rotary rigs are equipped to op6ratc \v i th  either mud or air. Air rotary rigs are available 
throughout much of the Unitecl,Statcs are well suited for many drilling applicatons. 

out of the hole along with the cuttings, so it is possible to determine when the first 
water-bearing zone is encounte&d. After filtering of water blown from the hole, 

. .  - 
. 

v..; 
% > Air rotary rigs operate best ill hard rock formations. Formation Water is 'blown 

collectioii and field analyses may provide preliminary information regarding changes ' 
.in water quality. for some parameters. Formation sampling ranges from excellent in 

and other formations with cavities. . .  ~ 

. .  

\ i  

\ 
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li 

i .&ad, dry fo;mations to nonexistent ivhen circulation is lost in cavernous limestones 

Casing 'is required to keep the 'borehole open when drilling iii soft, caving 
€orrnations.below the water table. When more than one water-bearing zone is encoun- 
tered and where the hydrostatic pressures are different, flow between zones .will occur 
between the time when the drilling is done and the time when the hole can be properly 
cased and one 'zone grouted off. Commonly, no synthetic drilling aids are used in air 
rotary drilling. If .the air is filtered to capture compressor lubricants, contamination 
.can be minimized relative to other methods. The use of aif rotary drilling in badly 
contaminated subsurface situations must 'be approached carefully to .minimize the '. , 

exposure of drilling personnel to potentially hazardous. materials. 
A cable tool rig uses a heavy, solid-steel chisel-type drill bit'suspended on a steel 

cablle which, when raised and dropped, chisels or pounds a. hole through the soils and 

&ore. Cuttings.are 'suspended in the water and periodically bailed. After enough water 
enters .the.boiehole to replace the water removed by bailing, no additional water needs 
to be added. JVhen soft, caving formations are encountered, it is necessary to drive 
casing as  the  hole is advanced to prevent collapse of the hole. Often the drilling can- 
be advanced 'only a few feet below the bottom of the casing. Because the. drill bit.is. 

rack. When drilling throilgh the unsaturated zone,'some water must be added to the . .  

. , 

' 

lowered through the casing, the hole created by the bit is smaller than the.casing. 
Therefore, the casing (with a sharp, hardened casing shoe on The bottom) must be 

, 
. . .  

driven into the hole.-The shoe, in fact, cuts a slightly larger hole than does the drill. 
bit.'This tight-fitting drive. shoe cannot be relied upon to form a seaLwhen overlying 

Formation samples can be excellent when a skilled driller mes a sand-pump bailer. 
hforrnation regardiirg water-bearing zones is readily available during drilling. Relative. 
penqeabilities and. sorne water-quality data also can be obtained from. different zones 
penetrated if a..skilled~ operator is available. Cable tool rigs can ,operate satisfactorily in 
all formations, but they are best suited for large, caving, gravel-type formations or 

Cable tool drilling is slow compared .with, rotary drilling. The  necessity of driving 
the, casing along with drilling in unconsolidated formations requires that the casing be 
pulled back .to :expose selected. water-bearing zones. This process complicates .the yell 
eompletion'process aiid often increases cos;: Kelatively'large diameter casing is required 
(minimum 4-inch casing) which increases the costs compared with rotary drilled wells 
&th plastic casing; .The use of cable tool rigs for 'small-diameter (2-inch). wells 'is not , ' 

.recommended.' . ' ' . , . .  

Mater-bearing zones are encou'ntered. . ,  

formations with large cavities a.bove .the water table. . .  
. .  . : 

' 
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Reverse circulation drilling is accomplislieci by.allowing water or mud to circulate 
do& the annulus and up the inside of the drill pipe (reverse flow direction from direct 

i 
I '  
I 

I 
i 

rotary mud drilling). This type of drilling is used fo; construction of high-capacity 
production wells and is not suited for small, water-quality sampling wells. Custom 
drilling techniques may be necessary for specialized investigations (60). 

f 

followed by pumping io remove the fines from the well and the immediate area outside 
the well screen. 

Successful development methods for relatively productive wells include the use 

A bailer sufficiently heavy to fall quickly through the water can be raised and 
lowered rapidly through the screened portion of the well. This acrion will create the 
same alternating surging action as the surge block. The use of bailers for developing 
wells is more common than the use of the surge block. 

Another niethod for developing wells in relatively productive geologic materials 
is to surge either with a pump or by air. W.hen.using a pump, the well is alternately 
pumped-and left idle to simulate the surging action desired to loosen the fines and  remove them from the well. However, in most applications, no outward'movement of 
water from the well is experienced, and bridging of fines moving toward the well, limits 

. .  
. .  the effectiveness of this technique. . .  

When pumping with air,  the^ effectiveness of the.piocedure depends on the '. f .  
geometry of the device injeciing air into the.wel1. Figure 5-2 illustrates a simple device 

. .  

. .  . .  . .  
. .  
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Figure 5-2. Schematic diagram of an air driven well development device 

LI.' 

that diverts air through the well screen to .loosen the fines and forces air, Cvater and 
fines up the well casing and out of the well. These devices are particularly effective 
for developing monitoring wells in relatively productive geologic materials. Air devel- 

materials when badly contaminated ground water is present. Careful precautions.must ' 

be taken to minimize personnel exposure. 
Development procedures for monitoring wells in relatively unproductive geologic 

materials is somewhat limited. Due to the low hjdraulic conductivity of the materials, 
surging of water in and out of the well casing is extremely difficult. Also, when the 
well is pumped, the entry rate of water is inadequate to effectively remove fines from 
the well bore and the gravel pack material outside the' well screen. 

In this type of geologic setting, clean water can be circulated down the well 
casing, out through the screen and gravel pack, and up the open borehole prior to. 
placement of the sealant in the annulus. Relatively high water ,velocities can be 
maintained and the mud cake from the borehole wall can be broken down effectively 
and removed: (Because of the low hydraulic conductivity of geologic materials. outside 
the well, a negligible amount of 'water will penetrate the formation being monitored.) 
Immediately following this procedure, the well sealant should be .installed and the well 
pumped. 

In summary,. all monitoring wells should be developed. The  additional .tim.e and 
money spent for this important procedure will expedite sample filtration and result in 
samples more repres'eniative .of water contained in the formation  being monitored. 
The time saved in filtration alone will more than.ofFset the cost of development.'. . 

opment techniques also may cause the exposure of drilling personnel to hazardous .' 
. 
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SECTION 6 : r  

SAMPLING STRATEGY 

1 %  

The importance of proper sampling of monitoring wells cannot be overem- 
phasized. Even when the wells are correctly located, constructed and developed, special 

ground water at that location. Carc also is needed to ensure that the sample is neither 

. 1 
precautions must be taken to ensure that the sample collected is representative of the 

altered nor contaminated by the sampling and handling procedures. 

i 
$ t 

To select proper sampling procedures for monitoringwells, severat basic questions 
must be reviewed. First, the purpose of the monitoring program and collection of 

, samples must be reevaluated. Monitoring commonly is undertaken to coniply with state 
or federal regulations that set forth a list of chemical constituents to be monitored. 
They also usually stipulate the concentrations of various chemical constituents that 
must be analyzed and reported. Sampling procedures for defining plume geometry 
and migration may require differe.nt procedures than those .for routine regulatory 
monitoring. Sampling procedures for research projects may'be particularly specialized 
and more demanding. In all instances, it is essential to develop a complete list of 
chemical parameters to be measured and the sensitivity at which they will be measured. 
Secondly, the physical limitations of the well and the ;vel1 site must be considered. The 
diameter of the well, depth to water, length and location of the .well screen, and 
accessibility of the well site all bear on the practical application of various sampling 
procedures. 

. 

2%. ,. 
Prior to discussing the effects of well flushing and pumping mechanisms an j 

ground-water quality, it would be instructive to review briefly the factors controlling f 
i. sampling efforts and minimize the effects of reactions that may occur due to sample 

handling. h 
f 

ground-water quality. An understanding of these factors enables one to better plan 
1 

I 

i 
! Effects of Subsurface Conditions on Ground-Water Quality and Sampling 

The subsurface is a condensed, geologic, and geochemical environment which 
.also serves as a habitat for microorganisms (62,63). It is difficult to describe the entire 
range of subsurface conditions since local effects can drastically alter regional properties 
of temperature, pressure, oxidation-reduction potential, rninerai. solubility, solution 
chemistry, and biological activity. The relevance ofavenge conditions must be evaluated 
on a case-by-case basis in order to account for the changes in ground-water chemistry 
which may occur during sample collection and retrieval. Temp,erature and pressure 
are major physical influences in this regard. , 

# i Temperature fluctuations in the upper 10 m (33 ft) of the subsurface occur in 
response to seasonal air temperature variations. 111 the United States, average ground- 
water temperatures range frorn~3"C to 23'C (37°F to 77°F) to a depth of 20 m (66 

t: ft) (64). Local effects can be quite marked, however; since irlcreases froin '7"C'to 16°C , 

. 
. ' 
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3 
'~ i t  \J i, ' ' (42'F to 60'F) above background have bcen'obscrved irr  coniaminated aquifers near 

landfills (E). Pressure gradients in the +ubsurFace may be approximated as those due 
~ .. to the hydrostatic pressure of a column of water eqiiivn[ent to the depth of interest. .. . The strength of the pressure gradient may vary, rh&gh it is generallfabout 0.1 atm 

. m-I (0.4-0.3 psi . fc'). Summarizing average physical conclitions in the subsurface, one 
can expect that from the screened portion of a sllal~ow rnonitoring well 10-20 m (33- 
66 ft) deep to the surface, temperature anti pressure differentials may range from 10- 
30°C (45-83'F) and from 2-3 aim, respectively. Itcgardless of the choice of well 
cotistructiori methods or materials which contact the sample, the impact of temporal 
and spatial physical chances must be Ininimized to provide the most representative 
ground-water sample possible. 

Chemical and biological indicators of subsurface conditions vary greatly in 
response to small changes in the above-mefitioned physical factors. Considerations of 
sample handling procedures and the compatibility of materials with the ground-water 
system are subtle. In general, the subsurface environrnent is not .in equilibilum with 
ambient surface conditions. This is particularly true of the atmospheric gases oxygen 
and carbon dioxide, which exert control over the oxidation-reduction potential, pH, 
buffer capacity, and chemical speciation of dissolved substances. Several reference works 
on aquatic and ground-water chemistry provide background information on the range ' 
of potential conditions to which samples, well casing, and sampling devices may be 
subjected (66,67,65,69). 

Within an aquifer, there are six major processes which affect subsurface g e e  
chemistry. These are: 1) complex formation; 2) acid-base reactions; 3) oxidation- 
reduction processes; 4) precipitation-dissolution reactions; 5 )  sorptive interactions; and 
6) microbiologica! processes. 

All of these processes can be affected by sample collection procedures. Shifts in 
solution chemistry caused by rapid changes in temperature, pressure, or gas content 

buffer system since ground water i s  normally oversaturated with carbon dioxide (CO,). 
The system is sensitive to temperature and pressure changes since gaseous, dissolved, 
and solid chemical constituents participate in equilibrium reactions. For example,' the 
loss.of dissolved GO, on simultaneous temperature increase and sample depressurization 
will cause an increase in the pH. The pH changes in turn affect mineral solubility, the 
kinetics of iron and manganese oxidation, 'and hydrolysis reactions. Products of these 
reactions in turn may shift the chemical speciation of .nutrients and metals and either 
stimulate or inhibit microbial activitr 

Many potential changes can take place in a ground-water sample while being 
collected or before it is preserved (22,70). The previous discussion described general 
subsurface conditions and examples of solution chemical changes hinorganic constit- . . 

uents if samples are improperly collected. The impacts on volxjle organic compound 
concentrations also can be quite marked. Samples collected from sites exhibiting unusual 
chemical properties may respond differendy. 

\ 
~. 

, 
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may result in nonrepresentative'samples. This is particularly true of the carbonate , 

.~ 

. . .  

. .  
Effects of Hydrologic Conditions, on Sampling Strategy 

Hydrologic factors can'exert controlling effects on the collection of representative 
samples. The yield potential of a.monitoring . .  well will determine the length of time 

. .  . .  
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1 tems have been determined, chemical constituents for routine sampling can be. 

, ,& d s)s 4) Based on the sensitivity of the selccted chemical parameters, a choice of 
I.. 

r" pumps for routine sampling can be macle. 
5)  The monitoring wells should be pumped at a constant rate for a period of 

time that will result in delivery of RL least 95 percent aquifer water. The rate and time 
of pumping should be determined on the basis of the transmissivity of the aquifer, the 
well diameter, and the results of the sampling experiment. 

6) Measurements of pH, Eh, temperature, and specific conductance also should 
be made at the time of sample collection. Field determinations of alkalinity together 
with a mineral analysis, the foregoing measurernents and total dissolved solids permit 
mass and charge balance calculations to be made which are valuable analytical quality 
control checks. 

The  steps outlined above are designed for collecting represeptative samples for 
inorganic analysis. The same procedures likely will produce representative samples for 
nonvolatile organic analysis. The use of a syringe sampler (75) in conjunction with. 
pumping or a bottom-draw bailer is desirable for collecting samples for volatile organic 
constituents. 

Special care must be taken to prevent cross-contamination when carrying sampling' 
apparatus from one well to another. The sampling devices niust be cleaned thoroughly 
to ensure'that contaminants from one well are not carried to the other. 'Cleaing 
procedures should be tailored to the analytes of interest. The use of detergents, dilute 
hydrochloric acid, hexane, and deionized rinse water often is necessary. In addition, 
cleaning ofsampling devices, all delivery tubes, and tether cables also must be performed 
thoroughly. The effects of cross-contamination also can be minimized by sampling the 
least contaminated wells'first and progressing to the more contaminated ones. Dedicated' 
sampling devices for each well also may be desirable in certain cases where the potential 
for cross contamination is high. 

In the case of monitoring wells that will not yield water at a rate adequate to 
be effectively flushed, different procedures must be followed. There are divergent 
points of view on how flushing should be performed in these situations. The principal 
difference in the arguments concerns the degree to lvhich such wells should be evacuated. 
One suggested procedure includes the removal of water to the top of the screened 
interval to prevent the exposure of the gravel pack or formation to atmospheric 
conditions (5). Then the sample is taken at a rate which would not cause rapid 
drawdown. On the other hand, the wells may be pumped dry and alloived to recover. 
The samples should be collected as soon as a volume of water sufficient for the intended 
analytical scheme re-enters the well. Exposure of water entering the well for periods 
longer than 2 or 3 hours may'render samples unsuitable and unrepresentative of water 
contained within the aquifer system. Finally, in these cases, it may .be desirable ,to 
collect small voIumes of water over a period of time, each time pumping the well dry 
and allowing it to .recover. At present there is very little reliable .data on which 'to 
choose one sampling nietliod over another in."tight:' formations. 

:. a 
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SECTION 7 
EVALUATION OF PAATERIALS ' 

The selection of materials used for .well constfuction and sample collection, 
handling, and storage is a critical consideration in planning the well-conceived moni- 
toring program. The materials of choicc should retain their structural integrity for the 
duration of the monitoring procram uiitler actual subsurface conditions. They should 
neither adsorb nor leach chemical coiistituents which would bias the collection of 
representative samples. The material combinations also must be compatible with each 
other and the goals of the program. For example, in a detective monitoring situation 
where the presumed inorganic contaminant source (e.g., brine or pickling liquor) is 
held in a surface impoundment, material selection should be made so as to ensure the 
reliability of analytical determinations of chemical constituents of the waste in ground- 
water. These parameters may include ptl, specific conductance (='), alkalinity, hardness, 
total dissolved solids (TDS); .chloride, and trace metals. In this hypothetical situation, 
the "background" ground water is relatively high in ionic solids, and the goals of a 
long-term (e.g., 30-year) monitoring program would be most closely met by a properly 
constructed network of non-merallic or corrosion-resistant nionitoring wells. Sampling 
gear and sample handling precautions also should be chosen carefully to  ensure that 
the samples are neither contaminated nor biased by the effects of materials. 

9 

. 

Overview 04 Subsurface Conditions 
The structural requirements for well casings to withstand normal subsurface 

pressures are met by 'most common piping materials: steel, polyvinyl chloride, and iron 
for depths up to -30 m. In deeper monitoringsituations, the use of corrosion-resistant 
metallic casing of large diameter (>IO cm or 4 inches) may be required to provide 
necessary structural integrity. Local water well construction practices should serve as 
a guide. 

Metallic corrosion problems may be encountered under either oxidizing or 
reducing conditions and are aggravated by high dissolved-solids content. Other materials 
{thermoplastics) may deteriorate under the inRuence of dissolved chemical substances 
or direct contact with wastes. Whether the well construction or sampling materials. 
retain their integrity or not, there are also pbtential problems due ' to microbial % attachment and growth and the sorptive capacity of the exposed materials for the 
chemical species of interest. Representative sampling depends on the. proper choice of 
materials which can retain their integrity over the entire length of a well c a h g ,  from 
th.e aerobic, unsaturated surface zone to the unique conditions in the saturated.zone. 

- 

-\ 
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Chemical Properties of LYater and Their Effects bn Various Materials 
To achieve the go:ils of a detective monitoring program in a cost-effective manner, . 

1. one must carefully design and construct the sampling network after consideration of . : 2  e 1 
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organic bases (aniline, nitro;iniline); aromatic hydrocarbons (benzene, toluene, xylene, 
substituted benzenes); aiicl chlorinated xliphatic hydrocarbons (dichloroethane, trich- 
loroethane, trichloroethylcnc, tctrac1,loroethyleiie). The presence of these slightly water- 
soluble compounds in groiind water would be expected to affect sorptive or leaching 
characteristics of the subsurface environment, particularly. toward thermoplastic. or 
elastomeric materials. 

On the other hand, the low-organic group showed mineral acidity and low pH 
values. It also was associated with TDS levels five to ten times ambient background. 
Several metallic elements (Zn, Cd, Cr) normally present in trace amounts were observed 
at concentrations exceeding background ground-water levels by factors of 10 to 1,000. 
These low pH, high TDS solutions would be expected to be quite aggressive.to\vard' 
metallic casing materials after extended exposure periods. 

It is clear that a reasoned strategy for ground-water monitoring must consider 
the effects of contaminated water on well construction materials. Unfortunately, there 
is very little published information on the performance of specific materials in varied 
hydrogeologic situations. The monitoring strategy must be tailored to fit unique 
situations, and strict guidelines are currently unavailable. 

In the preceding discussion, four categories of subsurface solution conditions 
were identified. These categories range from carbonate-buffered water to leachate- 
impacted ground wate.r. The. categories are outlined in Table 7-2 with the principal 
chemical species identified. 

The range of chemical exposures represented by these four categories of solution - 
comp,?sition sh'ould provide general test'cases for Consideration of compatible well 
construction materials. 

Table 7-2. Solution Composition for a Range of Ground-Water Conditions 
Solids c4nrenr PrTncipal soluble 

General category PH tmg.L'lI species present 

Buffered Weak Acid 5 100-200 N$; HCO, :, H+, H, co, (as.) 
Weak Acid 5 5,000 RCOO; RCDOH, H' 
Mineral. Acid/ 3 1.000-13.000 H+, C1; SO,', Ne. CS, MgU, 
High Dissolved Solids transition series and heavy 

metals 

Aqueous Organic Mixture 7 1,000-2.000 CI',,SO;. HCO, -, Na'. Cay 
Mg+ and synthetic organic 
compounds 

R - denotes an organic functional group 

. .  

Preliminary R.anking of Well Construction/Sampling Materials 
A preliminary ranking of conunonly used mateikls was pei.formed on tlie basis 

of chemical compatibility and manufacturers.' recommendations.. Cheniical exposures 
were grouped in one of.the related solution categories presented.in Table 7-2. A listing 
of these 'chemical substances in each category is provitlecl in .Table 7-3. Compatibility 
was judged ffom .the point of view of.potentia1 cleterioratio!i of 'each -niaterial. No 
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Buffered weak acid 

Ammoniurn Carbonate 
Ammonium Chloride 
Calcium Carbonate 
Aqueous Carbon Dioxide 
Distilled Water 
Potassium Bicarbonate 
Sodium Acetate 
Sodium Benzoate 
Sodium Bicarbonate 
Sodium Carbonate 
Sodium Phosphate 
Sodium Sulfide 
Sulfite Solutions 

Weak acid 

Acetic Acid 
Benzoic Acid 
Citric Acid 
Glycolic Acid 
Fatty Acids 
Formic Acid 
Gallic Acid 
Hydrogen Sulfide [aq.) 
Lactic Acid 
Oxalic Acid 
Tannic Acid 

.Tartaric Acid 

Acid Mine W d w s  
Brine Acid 
Hydrochloric Acid 
Metallic Chluriclcs 
Metallic Sulfatcs 
Mixed Acids 
PIa t ing Sulirt ions 
Scawiltcr 
Sulfuric Acid 

Aniline 
Beer 
Benzene 
Butyl Alcohol 
Carbon Tetrachloride 
Chlorob- v z e n e  
Cresol 
Methyl Alcohol 
Methylene Chloride 
Naphtha 
Phenol 
Toluene' 
Trichloroethylene 
Wine 
Xylene 

second-order effects such as adsorption, absorption or leaching were considered. 
Compatibility ratings were as follows: (3 .  points) no significant deterioration, embrittle- 
ment, or corrosion in general use; (2 points) the potential csists for deterioration, etc., 
and this material is recommended only after testing; .(1 point) the possibility of 
deterioration, etc., clearly exists and is likely after extended use. Rigid materials used 
for weli casings or sampling gear, as well as semi-rigid or elastomeric materials for 
tubing and other apparatus, were treated in the same fashion. The compatibility of 
'eacb.materia1 was ranked after the total rating in each category was converted to a 
percentage of the maximum possible score. The percent ratings in each category served 
to rank. tlle'materials in order, a.nd the sum of the ratings for each material in all four 
categories provides an overall ranking scheme. 

There are limitations in this approach which stem from the lack of detailed 
information on testing conditions, the subjective nature or varied sources of judgment 
of "significant" deterioration, and the tenuous relatioIiship of exposures to pure 
chemicals or dilute aqueous solutions to actual subsurface conditions. However,' this 
preliminary ranking is a starting point for in-depth consideration of materials perform- 
ance under actual site conditions: Generally recommended materials for monitoring 
applications are noted by Pettyjohn et al. (17). 

The following rigid well-casing materials were considered: PVC L (unplasticized 
polyvinyl chloride), galvanized steel, carbon steel, Lo-Carbon Steel, Stainless Steels 304 
and 316, and Teflon@. Flexible (or semi-rigid) miterials commonly used for pump 
par,ts, sample transfer lines, in-line devices or storage Lessels were .rated, including 
.flexible PVC (plasticized), polypropylene, polyethylene (conventional), polyethylene 
.(linear), polymethylmethacrylate (Lucite or Plexiglas), Viton", silicone,, and neoprene. " 
'Class was not considered among the rigid materials due to the c~nav;iilability of well 
screening and hazards associated ruith its use for casings. Rating results in each category 
and overall are shown in Tables 7-4 aiid 7 3  for the rigid ancl flexible or semi-rigid 
.materials, respectively. Sources for. the exposure' ratings (83-91) are included ,in the 
references. 
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.$ c ,,.;llcr froni static or flowing tests have beer1 shown to be a function. of exposed 
.IIIt1) 
~tl :~lcc area and actual leve!s of.RVCM in the [JYodLlCt (42,I 12,113). These laboratory 
tcz,l~ls samples that meet NSF Standard 14 specificat.ioIls (80) show that Icaci~ctl 
~ ~ 5 1  lcvcls are in the < I  to 2 microgram . L1 range. Though these levels are below, 
cl,c,sc of toxicological concern (1 1 1') the potential exists for organic analytical interfer- 
f',,Crs in monitoring situations where prolonged exposure to aggressive aqueous organic 

Rigid PVC materials used for- pipe and well casing with NSF-listing are essentially 
.free of plasticizers. Although plasticizers are unnecessary for rigid pipe applications; a 
small number of .sources of well casing may include plasticizers which are added along 
with the thermal stabilizer component. Plasticizer levels in such pipe samples would 
not be expected to exceed 0.01%. These levels are far lower than. those.in flexible 
P V C  formulations for tubing or sheet materials which can contain up to 30-50 percent 
'by -weight of plasticizer. Rigid PVC contains several types of other additives at levels 
approaching 5 percent by weight, which may pose a source of bias or analytical 
interferences in ground-water monitoring programs (1 13). These additives include 
pigments, antioxidants, thermal stabilizers, and inorganic fillers (114,115). Some rep- 
resentative chemical classes of additives which have been used in rigid PVC manufacture 
.are contained in Table 7-6. There are clearly many possible combinations of substances 
which :may be included in PVC' formulations. The  potential for their release into 
aqueous solutions or ground waters may be determined'by the individual formulation, 
rigor Of exposure, manufacturing techniques, and the chemical state of a particular 
component in. the finished product. Here again,, NSF-listed products for well casing 
and .potable water applications are continually. checked and tested. Products that are 
found to exceed.the maximum contaminant levels set by the National Interim Primary 
Drinking Water Standards in leach tests (Table 7-7) do not qualify to carry the NSF 
.logo. Their use should be avoided in monitoring well construction since many manu- 
facturers include conipounding ingredients that are not permitted by the specifications. 

e(' 0 
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&?. llliztures may occur. 
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Table 7-6. Representative Classes of Additives in Rigid PVC Materials 
Used for Pipe or Well Casing 

(Concentration in wt. %I 
Heat stabilize? 10.2- LO%/ 
Dibutyltin dieners of lauric 

- Dibutyltin bis'(Jaurylmercaptide1 
. . Dibutyltin-0-mercaptopropionate 

di-n-octyJtin maleate ' ' 

di-n-octyltinAS,S-bis isoctyl 

. 'and maleicacids, 

rnercaptoacetate 
. . di-n-0ctyltin-P-mercaptopropionate . .  

Vatious other alkyltin compounds 
Various .proprietary antimony compounds 

. .  
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Fill& (1-556) 
CaCOJ 
diatomaceous earth 
clays 
Pigments , ' 

TiO1 
carbon black 
iron and other metallic oxides 
Lubricants ( M % j  

stearic acid , 

calcium stearate 
." glycerol monostearate 

montan wax 
polyethylene wax ! 
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Table 7-7. Cliemical Parameters Covered by NSF Standard 14 

for  Finished Products" and in Standard Leach Tests 

Paramerer 

Antimony (Sb) 
Arsenic (As) 
Barium (Ea) 
Cadmium (Cd) 
Chromium (Cr) 
Lead (Pb) 
Mercury (Hgl 
Phenolic substances 
Residual vinyl chloride monomer' IRVCM) 
Selenium ISe) 
Tin (Sn) 

Maximum contaminant level Img.LmlI 

0.05t ~, 0.05t 
0.05 

i i; 1.0 
0.01 : : '>  

i 'E 0.05 
0.002 

. ., 

, .  
0.05 1:;; 

0.05t \; 
I 

I .  

1 10t 

!* 
!P 

D . O l t  .,' 
0.05 . . ' 

t Not covered under National Interim Primary Drinking Water Regulatianr. 
*Total residual after complete dirsblution of polymer matrix. 

Tabulated values are the maximum levels permissible in NSF-listed products 
after standardized leach testing in weakly acidic aqueous solution. [Carbonic 
acid solution with 100 mg. C' hardness as CaC03 with 0.5 mg-L-' chlorine; 
pH 5.0 to 0.2: and surface to solution ratio of 6.5 cm'.mL-'J 

Source: National Sanitation Foundation 
-i 

t 

Pracfica/ considerations and potential for ana/ytical bias due to use of PVG well casing 
The use of NSF-listed well casings provides us with a minimum standard material 

that can be Judged for suitability in specific monitoring situations. AI1 types of well 
/casings should be cleaned with detergent and rinsed with water prior to well construction 

to remov'e processing lubricants and release agents. This is particularly true of PVC 
well casing, which may be coated with natural or synthetic waxes, fatty acids, or fatty 
acid esters. . 

Threaded joints are the preferred means of connecting sections of PVC well, 
ca sh3  In this way, problems associated with use of solvent primers and cements can 
be avoided. Threaded joints on PVC well casing (or pipe) can be pr'ovided in three 
ways: solvent cementing a molded thread adaptor to the end of the pipe, molded flush- 
threaded joints built.into each pipe section, and cutting tapered threads on the pipe 
with National Pipe Thread sized dies. The  latter method is only recommended by the . 
industry for schedule 80 PVC well casing or pipe. Numerous studies have pointed out 
analytical interferences and direct sources .of. bias caused by the migration of the 
components of solvent mixtures into water samples (79,41,116,117). The mixtures 
frequently contain two or. more of the following solvents: .methyl-ethylketone (2- 
butanone), methyl-butylketones,'cyclohexanone, ttitrahydrofuran, and dimethylformam- 
ide. Some of these substances may not be among the analytes .of interest: however, 
their presence in a water sample can cause severe problems.in the determination of 
priority pollutants (41): In the experirnce of the Illinois, State Water. Survey, even. 
minimal solvent-cement application is sufficient to supply consistent levels of cement/ 
primer components above IO0 ppb in actaal 'ground-water samples despite proper well 
development and 'flushing prior to sampling. This problem may persist.. for months 
after well .construction even afirr  repeated attempts to develop the wells. Prolonged 
.exposure to.aggressive aqueous .mixtures is probably the single most important factor 
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seals, groufs, and cements 

Seals, grouts, a,nd cements are the prininry safeguards against the migration of 
\,.;iter from the surface and from overlying or adjacent formations into monitoring 
sells. Surface seals also must be completed with concern for the security at the well- 
head by including casing sheaths and lockiiig caps. Most seals between the formation 
of interest and regions above or below are made by the addition of clay materials or 
cement. Bentonite clay can swell from 10-15 times in volume after wetting with 
deionized water. Variations in the composition of the contacting solution can severely 
reduce the swelling of clay seals. Swelling volumes of 25-50 percent of the maximum 
values are not uncommon. The organic content of the solution in contact with the 
clay can have a dramatic effect on the integrity of the seal. Organic compounds can 
cause significant disruption of normal shrinking, swelling, or dehydration of the clay 
lattice during alternate wetting and drying cycles (139). Alcohols, ketones, and other 
polar organic solvents have a signifiCant potential for these changes. On the microscopic 
level, these phenomena can materially increase the permeability of the clay seal. This 
is presently an active area of research which has wide application in well construction, 
landfill liners, and slurry or grout cutoff walls (56,140). Macroscopic changes in the 
permeability of clay or cement seals can occur due to solution channeling by aggressive 
solvents, compaction or subsidence, and freezing and thawing processes at the surface. 

Chemical-resistant and expanding cement formulations effectively minimize these 
problems. Faulty seals or grouts can seriously bias the analytical results on water samples 
from the formation of interest, particularly if water quality conditions vary or surface 
soils are badly contaminated. The impact of leaking seals may go far beyond the realm 
of analytical interferences or non-representative samples. A leaky well bore may act as 
a conduit to permit rapid contaminant migration which otherwise would not have 
occurred. This is one aspect of a ground-water monitoring program which should not 
be left to an unsupervised drilling crew or  last-minute substitutions for. preferred 
materials. 

, 

Evaluation of Sample Collection Maferjals 
The choices of sample collection devices, procedures, and all. materials which 

ultimately contact water samples are probably the most critical considerations in a 
ground-water monitoring program. The materials' related problems which may be 
encountered in well construction are secondary to those involved in sample handling. 
The careful monitoring program planner must evaluate the potential of collection 
mechanisms and all materials which contact the samples to introduce interference or 
bias into the final analytical result. For example, a collection mechanism that.creates 
turbulent transfer,of the sample and the opportunity for gas exchange (e.g.. air-lift 
pumping mechanisms) is clearly inappropriate in sampling for volatile organic com-' 
pounds and pH- or redoF-sensitive chemical species. The act of sampling alone would 
alter solution cornposiciori, introducirig bias into subsequenf .analytical determinations 
as well as matrix effects which may not be totally accounted for by spiked field samples. 

Desirable attributes for sample collection materials. include: 

1) Durability, reliability, and ease of repair 
2) A minimum number of moving parts or combinations ofmaterials 
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3) Capability of being cleaned and sterilized effectively 10 prevent cross-contam- 

4) Capacity for being checked for deterioration or malfunctions such as stuck 

5) Verified low potential for introducing col,tanii&on, bias, or interferences 

Each of these attributes plays an important role i l l  the overall performance of 
monitoring efforts and bears directly on the successful r.cLrieval of respresentative water 
samples. The difficulties involved in the evaluatiori of materials for sample collection 
apparatus stem mainly from the variety of combinations of components in pumps (or 
other samplers) and the properties of polymeric and elastomeric materials for tubing 
or transfer lines. 

Sarnphg devices 
Apart from the actual mechanisms employed by sampling devices, the consid- 

eration of materials is of prime .importance in the choice of a suitable sampler. 
Fortunately, most types of devices are constructed in several models which may be 
chosen for specific monitoring situations. For example, bailers are presently fabricated 
by commercial suppliers in Teflona, stainless/Teflon@, -stainless/PVC 1, and totally 
.PVC 1. These materials satisfy the major critical materials' specifications. Problems 
arise in materials selection with samplers employing non-rigid components. Even those 
devices which incorporate a single pair of O-rings nay, be limited in their application 
by the material employed. 

The  preliminary ranking of materials in.Tables 7-4 and 7-5 serves as a general 
guide for materials selection for sampling devices. Teflon" again incorporates .most of 
the characteristics for an, ideal material in sampling applications. However, it is a 
difficult material to inachine and threaded components are very easily damaged. .For ., 
chemical resistance and durability, several materials other than .stainless steel may be : 
expected to perform satisfactorily in low-organic environments. These materials include 
polypropylene,' linear polyethylene, plasticized PVC, Viton@, and conventional polyeth- 
ylene. Vito.n@' is a preferred material for elastomeric parts, since it may be.expected 
to give improved chemical resistance over silicone and neoprene. 

One may expect that the least desirable material in a given sampler design will 
eventually cause monitoring problems. For example, significant differences have been 
observed in the organic contamination potential of impeller pumps 'as a function of 
impeller material (3).. In this instance, consistently high PCB (polychlorinated.bipheny1). 
values due to cross-contamination wer'e observed in samples obtained by a plastic 
impeller pump relative to those obtaine'd from a device .with a stainless steel impeller. 
Similarly, solvent cements used in the construction of rigid-PVC bailers can result in 
gross analytical errors for volatile organic, I .  compounds (41) in samples collected shortly 
after bailer fabrication. 

Flexible materials in collection d.evices can be particularly problematic since they 
owe their flexibility and resiliency t o  plasticizers as well as a range of compounding 
ingredients no less diverse than those contained in Table 7-6 for polyvinyl chloride. 
Here, a considerable overlap between materials selection for samp1ers:and tubing or 
transfer lines .arises. Careful consideration should be given to flexible components of 

ination between sampling points 

check valves, clogging, and breakage > . :  

i-. ' 

into the analytical results . /  
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Rank in  Terms. of . .  ? 

Total Groundwater Use 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

I 

Type of Industry 

- Oil Refining 
Paper Manufacturing 
Metal Working 
Chemical Manufacturing 
Building, Air Conditioning and 

Distilling 
Ice Manufacturing and Cold Storage 
Food Processing 
Rubber Manufacturing 
Meat Packing 
Brewing 
Railroad Yards 
Gas and Electricity, 
Dairying 
Electric Equipment Manufacturing 

Refrigerating 

I€ no local summary of .industrial use of self-.supplied groundwater is  
available .from appropriate public agencies, pertinent industries will have to 
be identified. Industrial areas can be located from aerial  photographs o r  
zoning maps; industries which do ,not receive municipal water can then be 
contacted-to obtain their annual groundwater pumpage data. 
not  directly available and must be estimated from the type of industry, num- 
ber.of worker's, units of production, or other factors.. 

Often these a r e  

. .  

AGRICULTURAL USE. In the Western United States groundwater is used 
most ly  in i.r.rigated agriculture; however; data on such usage a r e  also.gen- 
erally difficult to odtain: Accurate .records of pumpage.are .rarely kept by 
fa rmers ,  'and, in fact, most irrigation wells a r e  not equipped with flow 
.meters. 
to determine cropping patterns of areas  irrigated by wells, using aer ia l  
photographs and crop surveys. 
and representative .irrigation efficiencies (from local farm advisors) and 
m e a n  annual growing season rainfall (from U.'S. National Weather Service 
records) ;  the total applied water f o r  irrigation purposes 'can be computed. 
In a reas  where .both surface water and groundwater a r e  used, the. portion of 
applied..water supplied by groundwater can usually be determined. from irri- 
'gation .district record's.. A second approach .is to obtain recor'ds of power , ' 

consumption for.:representative pumps .and of pump discharges.per unit of 
power use from'electric utility companies. These d,ata enable the .quantities 
of water.pumped'to. be calculated. Where .such data a r e  available for only a 
fraction . .  of .the.irri.gated area, extrapolation to the g ross  area can be made; 
however, ,results can be subject to e r ro r  if significant differences in pump- 
ing i levels exi.st. 

Pumpage estimates can Se'made by either of two methods. One i s  

By knowing.the consumptive use of the crops 

. .  
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RURAL USE. Data will rare'ly be available on pumpage from individual 
Estimates of pumpage can be domestic water supply wells in rural  areas. 

made, however, by multiplying rural  population figures by typical per capita 
water use,  In general, these pumpage rates a r e  so scattered over agricul- 
tural areas  that they do not influence the groundwater flow. 
existence of the rural .use should be recognized, particularly in the event Of 

a localized pollution problem. 

However, the 

In summary, the total of the four above groundwater uses provides the 
usage data for a monitoring area. Locations of major pumping centers, 
such as well fields of municipalities and large industries, should be identi- 
fied. Average pumpage rates over uniform subareas, such as  irrigated 
lands, should be defined from irrigation well pumping rates and well densi- 
ties. Great precision in determining groundwater pumpage is not as impor- 
tant as a comprehensive coverage of all significant pumpage within an area. 

Step 5 - Define Hydrogeologic Situation 

TO understand where and how groundwater pollution .occurs and moves 
within a monitoring area,  the hydrogeologic framework must be understood. 
This information will aid in the design of an effective a s  we.11 as  an efficient 
groundwater quality monitoring system. 

Because some subsurface data a r e  available in most  areas of groundwater 
development, initial hydrogeologic work will consist of gathering, organiz- 
.ing, and analyzing exi.sting information. 
hydrologic investigations requiring field work,will be necessary. Specific 
materials needed f o r  the monitoring program, as well as  how they a r e  ob- 
tained, include: 

On other occasions, geologic or 

e Aquifer locations, depths, and areal  extents - from geolqgic data 

0 Transmissivities of aquifers. - from well pumping tests and 
. .  

- geologic data . .  

a Map of groundwater levels - from observations of well levels 

a Map of depths to groundwater - from water level and topographic 
. .  

data 

0 Areas an&magnitudes of natural groundwater recharge - from .. 

precipitation, evapotranspiration, soils, land use, and water level 
data 

. . .  
0 Areas and magnitudes .of'artificial gr,o&dwater recharge - from 

0 Areas and magnitudes of natural groundwater discharg.e - from 

irrigation and recharge data : .. ' . .  

streamflow and water 'level data 

. .  ' 3 4  ' ,  
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o Directions and velocities of groundwater flows - from water 
level and transmissivity data. 

Information sources for preparation of the above items should normally 
include State geologic and water agencies, local water agencies, the, U; S. 
Geological Survey, and the U. S. National Weather Service. 

In preparing the above materials it should be kept in mind that these serve 
as  tools f o r  .monitoring; consequently, the hydrogeologic effort should not be- 
come an obstacle to the completion of the monitoring program. A l l  hydro-' 
geologic data a r e  incomplete in a relative sense. What is  needed is an over- 
all picture of the hydrogeologic situation in the monitoring area. Initially, 
refinement is  less important than .comprehensive coverage, ,no matter how 
preliminary or approximate. 
ific values, such as  for transmissivity o r  dissolved solids, a r e  often suffi- 
cient. 
amounts of groundwater data, knowledge of the hydrogeologic situation will 
gradually improve. 

Categories indicating ranges rather than spec- 

Also, it should be recognized that with time and with increasing 

EXAMPLE 1 - POLLUTION PLUME GEOMETRY. Figure 2 shows 
examples of the configurations of pollu'tion plumes resulting from a pollution 
source, such as a'landfill, locatedaear. a river. 
between the groundwater flow direction and the river is relatively large. 
This limits the extent of the plume; furthermore, where the source is  located 
close to  the river,  the plume is smaller. In Figure 2(B) the angle between 
the groundwater flow dirkction.and the river i s  relatively small; this creates 
elongated plumes, particularly wher'e the source i s  some distance from the 
stream. 

In Figure 2(A) the angle 

XXAMPLE 2 - .  GROUNDWATER F L O W  SYSTEM. Figure'3 depicts 
schematically a groundwater flow system under idealized homogeneous aqui- 

f e r  conditions. ' Groundwater travels along flow ,paths which extend from 
areas  of groundwater recharge to .areas of groundwater discharge. Horizon- 
tal and vertical gradients a r e  indicated by equipotential lines; potential, o r  
total head, is simply the elevation to which.water will r i s e  in a cased we~ll 
from. a point source below the water ,table. 
tion of decreasing total head. 
may have an appreciable vertical component; between these end areas,"flow 
is predominantly horizontal. 
where it occurs. 

Groundwater moves in the dir.ec- 
In recharge and discharge areas,  movement 

Any pollution will travel along th,e flow line 

. .  
=AMPLE 3 ,- COMPLEX PLUME GEOMETRIES. Figure 4 presents 

.q idealized vertical aquifer cross-section, somewhat similar to Figure 3 ,  
together with the pollution plumes f o r  various locations of pollution sources. 
Note that Sources A-1 and A-2 cr'eate short plumes because the? a r e  close 
to streams, while B and C a re  longer because they.are more distant. 
Source F, .located in' a. discharge ar,ea, has no effect on groundwater quality. 
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Figure 2. 

A 

I 
B 

Relqtion of groundwater 
source near  a river with 
Sendlein, ,1975). 

pollution plume size and orientation for a pollution 
different groundwater flow direcfions (Palmquist and  
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KEY 

.STREAM LINE L 

POSITION OF FRONT 
40 ,/--'-- 

AFTER 40 DAYS. I 

Figure 5. Flow lines for steady-state conditions in an aquifer and positions of a 
pollution front advancing from a percolation pond (Cole, 1975). . 

. .  
Step 6 - Study Existing Groundwater Quality 

%rea, an asse'ssment needs to be made of the b,ackground quality situation. 

viewed. 

In o rde r  to define the groundwater quality problems within a monitoring :. 

.. To do this, recent groundwater quality data need to be collected and re-' 
Attention should be focused fir,st on the natural groundwater 

I 
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Figure 6. Water table contours i n  the vicinity of Stockton, California, Fall 1964 
. (California Department 0f.Wate.r Resowrces, 1967). 
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a t  manholes, and infiltration causing sewage to flow into abandoned sewer 
laterals (Meyer, 1973). . -  

Sewer leakage releases’raw sewage into the ground, often close to ground- 

On the other hand suspended 
water. This can introduce high concentrations of BOD, COD, chlorldes, un- 
stable organics, and bacteria into groundwater, 
solids tend to clog sewer cracks, and the surrounding soils tend to become 
clogged due to anaerobic conditions; therefore, the actual effect of sewer 
leakage may be less than the theoretical potential. 

TANK AND PIPELINE LEAKAGE. 

mercial ,  industrial, and individual uses. 
ject to structural failures f rom several causes, and the subsequent leakage 
becomes a source of groundwater pollution. 

Underground storage and transmis- 
sion of a .wide variety. of fuels an2 chemicals is a common practice for com- . .  

These’tanks and pipelines a re  sub- 

.Petroleum and petroleum .products, because of their large usage, are  re-  
sponsible for most of the pollution. Thus, 90 percent of the interstate liq- 
uid pipeline accidents reported in ,1971 involved’ crude oii, .gasoline, lique- 
fied propane gas, or fuel o i l  (Meyer, 197.3). 
leaks were corrosion, equipment rupturing the pipelines, defective pipe 
seams, o r  incorrect operations ‘by handling personnel. 

Major causes of these pipeline 

Leakage is. particularly frequent from small installations such a s  -home 
fuel oil tanks and gasoline stations, where installation, inspection, and 
maintenance standard.s may be low. 
groundwater pollution were reported in a single year from gasoline stations: 
and in northern .Europe, where most homes are ,  heated by oil stored in sub-. 
surface tanks, o i l  polhtion has become the major threat to groundwater 
quality (Meyer, 1973). 

?\.- In Maryland some 60 instances of 

, .  

Liquid radioactive wastes a re  sometimes stored in underground tanks. 
Leakage has been reported from an instalIation a t  Hanford, Washington. 

 leakage of an immiscible liquid such as  oil into the ground will cause the 
oi l  to’move downward in relatively permeable soils or ,  i f  the leak is from a 
pipeline in relatively impermeable soil, the oil will tend Co remain in the 
trench and move in the down-slope direction. 
ad,vances; therefore, i f  the quantity of leaked liquid is sufficiently small,’ . the 
total flow may become immobilized. 
to transport the pollutant from the soil particles downward to the water 
table. 
of the water table and then to migrate laterally with the ‘gr0undwate.r body. 

Oil coats soil particles as it 

Subsequent infiltrating water will ,tend 

Once oil reaches a water table it sprekds to.form a thin layer 0.V top 

. .  _-- 
‘DISPOSAL WELLS. Many thousands of wells throughout the United 

States ar.e’used for disposal of pollutants into freshwater aquifers: 
ples include electronic industries disposing of metal-plating wastes in 

Esanl- 
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Texas; low-level radioactive wastes at one location in Idaho; and heated wa- 
ter from cooling systems in New York, California, and several midwestern 
States (Meyer, 1973). 

In recent years considerable'attention has been given to the possibility of 

Several of the proposed schemes not only would solve a sewage-. 
injecting treated municipal sewage into wells penetrating freshwater aqui- 
fers. 
disposal problem but also would help to  recharge fresh-,vater aquifers ,or to  
establish hydraulic barr iers  against saltwater encroachment in freshwater 
aquifers.. Advanced pilot plant experiments a r e  being conducted in Long Is- 
land and in California'(Meyer, 1973). 
a ry  treatment and preferably tertiary treatment to prevent clogging of the 
disposal wells and to reduce or prevent significant chemical and bacteriologi- 
cal  pollution of the aquifer. 

Sewage'must be given at least second- 

Modification of the quality of groundwater caused by subsurface disposal 
of wastes through wells depends on a variety of factors, including the-com- 
.position of the native water, the amount and composition of the injected waste- 
fluid, the rate of injection, the permeability of the aquifer, the type of well 
construction, and the kinds ,of biological and chemical degradation that may 
occur. 
reasons, located in the shallowest available aquifer. 

Most wells used for dis'posal of polluted liquids are,  for economic 

INJECTION WELLS. Deep injection wells. a're employed for, disposal of 
industrial wastes and oilfield brines. At present there a r e  fewer than 300 
industrial disposal wells in the United 5tates fMeyer, 1973), but there a r e  
more than 70, 000 brine disposal wells. 

It has been common practice in the past  to use  abandoned oi l  production 
wells for brine dis,posal. ' Because the wells were not designed, cased, o r  
cemented for brine injection, there have been numerous instances of. injec- 
tion wells with undetected ruptures beneath-the surface where injected brines ' 
have seeped into freshwater aquifers fo rmany  years before being discovered. 
Some State regulatory agencies have alleviated this problem by requiring an 
injection tubing inside a casing. The space between the tubing.and casing i s  
filled with a'fluid which is monitored to detect ruptures. 

Currently, most oilfield brines a r e  returned to subsurface formations 
either for secondary recovery i n  a n  o,il-producing formation or  just as a dis- 
posal method. However, even with properly designed and constructed injec- 
tion wells, brine disposal presents pollution problems because of the numer-. 

abandoned without proper plugging. 
ways for injected brines to r i s e  .into ovLrlying freshwater aquifers. 

. Bus oil, .gas, Injection, and test holes., which for 'many years' were s'imply 
Unplugged wells provide vertical path-' 

. .  . 
Because of the 1imited.number o fhdus t r i a l  'waste injection. weils and the 

careful attention given to their .s'iting, design, an6 operation by 'State ' . 
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Figure 51. Schematic. diagram of upconing of underlying saline water 
to a pumping well. . .  

In addition, if provisions a r e  not made to divert surface water away from a 
well, i t  can drain downward into a well. Most public water supply wells a r e  
properly sealed, inspected, and maintained, but surveys by health authori- 
t ies have revealed .that private wells s e r v h g  individual residences often a r e  
not protected against pollution .from overland .runoff containing septic fluids, 
barnyard wastes; o r  storm waters. 

. 

'In most States today, regulations exist requiring plugging of abandoned 
wells. 
plugged either because they cannot be located or, because changes in proper- 
ty ownership with time make the responsibility for plugging.indeterminate. 
The problem is particularly serious in oil.and gas a reas  where numerous 
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But there a r e  many thousands 'of.abaridoned wells which remain un- ' 
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exploration and production wells have been abandoned (Scalf et al., 1973). 
These holes serve a s  avenues-for brine from injection wells to r i s e  into 
overlying freshwater aquifers, 

Miscel loneous 

SPILLS AND SURFACE DISCHARGES. Groundwater pollution can result 
from hazardous and nonhazardous liquids that a r e  discharged onto the ground 
surface in an uncontrolled manner and then seep into the underlying soils. 
If the volume of the fluid is sufficiently large, the pollutant can migrate down 
to the water table an'd degrade the groundwater quality. Any of a variety of 
activities can lead to spills and surface discharges that may serve as pollu- 
tion sources. 

Poor  housekeeping at  large industrial plants and airports i s  a contkibutory 
pollution'cause. At industrial sites, causal.activities may include boilovers 
and blowoffs, overpumping during transfer of liquids to or  from storage and 
ca r r i e r s ,  leaks from faulty pipes and valves in product distribution systems, 
and poor control over waste discharges and storm-water runoff. . At airports 
the washing of planes with solvents and spills of fuel can form ,an extensive 
body of hydrocarbons floating on the water table (Miller, 1974). 

Pollution of groundwater also occurs from the intermittent .dumping of 
fluids on the ground, especially at  gasoline stations and other types of 
small commercial establishments. 
the ground by car  ofvners, by commercial garages and gasoline, stations, 
and at construction sites; the total of these many small' contributions'runs 
to millions of gallons of oil annually (Miller,  1974). Small industries often 
dispose of lubricating, hydraulic, and cutting oils :by local dumping. It is 
.not uncommon to find small commercial facilities :discharging liquid wastes 
onto undeveloped land,, the r,easoning being that it 1" uneconomic to store and 
to haul the wastes to municipal treatment plants OY landfills and that the 
liquids may be harmful to .local.septic tanlcs or cesspools. 

Automotive waste oil i s  disposed of on 

i 

Finally, accidents involving aboveground pipes and tanks, railroad cars ,  

The use of water to flush spilled fluids, as f rom a highway, 
and trucks can cause the release, of large quantities of a pollutant a t  a 'par -  
ticular site. 
may actually aid in transporting the pollutant down to the water table.. 

SEPTIC TANKS AND CESSPOOLS, Of all the sources and causes of 
groundwater pollution,. the most numerous and widely distributed i s  that of 
septic tanks and cesspools. . It i s  estimated that approximately'40 million 
persons, or,nearly 20 percent.of the total population,, a r e  served by individ- 
ual household waste water treatment systems. This, means that some 2.5 
billion.gallons of partially treated sewage i s  discharged from residences 
directly into the underground every day. In addition, stores, laundries, 
small office buildings, hospitals, and industries employ septic tanks in 
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1. Land use i n  the  a rea  
2. S i t e  use p r i o r  t o  waste disposal 

3. S i t e  preparation p r io r  t o  waste disposal ;  ident i fy ing  predisposal ' 
engineering or  geological stlidies and records of s o i l  tests 
Types and volumes of wastes disposed of 

Chronolagy and locat ion .of waste disposal 

Approximate volume of waste present ( t o t a l  area and thickness)  
S i t e  ownership .and re la t ionship  of owner(s) t o  waste sourcecs) 

4. 
5. Sources of 'waste  
6. 

7. Total ac t ive  l i f e  of s i t e  

8. 
9. 

. .  '10; ' Permits and s i t e  approval correspondence 
Past  and pending legal problems a. 

. .  b. Citizen complaints . -  
. .  .11. Established monitoring points-and h i s to r i ca l  data  

' 12. Records of catastrophic  events ( f i r e s ,  explosions, f loods,  e tc . )  

.. 13 ... Reported health problems a t t r i bu ted  t o  the s i t e  
.14. Location of buried u t i l i t i es  passing throush s i t e  . . . . .  

. . .  -:* .. %.! .  ...... . . .  
. . . . . .  . . .  . . . . .  . .  . . . .  

. .  
. . . . .  

5.'. .Other potent ia l  sources' of  po l lu tan ts  
,. . ..I .. ..E. Groundwater use i n  t he  a rea  . . ; . .  . . .  : .  .:.. . . . .  -I : .  . .  

. . . . .  
. .  

- 17. Information on how the  s i t e  was closed ( if  not  ac t ive)  ', . .  

, . ,  
.- . .. 

, HYDROGEOLOGIC SETTING . . . .  . ) . .  . .  . * '  . ' 

.. 
..... ... . .  . . . . .  .. ., L . . .  . . . . . . . . . .  . .  . ' t i .  

. .  
;' 'To assess groundwater impacts'from-'an' HWS, there m u s t  be an under- 

standing of how the  waste' deposi t  ;n te rac ts  with the . .  surface and subsurface 
environments (hydrogeologic s e t t i n g ) ,  i n  both 'space and time: .The substsnc? 
of the study is  t o  assemble da ta  f o r  t h i 5  assessment including' s i t e  geol- 
ogy, hydrology, and'climate.  

. . .  

. . . .  
i 

'F ' ' 

. .  
. .  

. . .  . *  

The following discussion presents types o f  information t h a t  are gath- 
ered about the hydrogeologic se t t i ng .  , Information sources include 
published and unpublished l i t e r a t u r e ,  maps, computer data  basss, personal 
contacts ,  and ae r i a l  photography [Appendix A]. 
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t i o n  includes regional and s i t e  .specif; 
d (bedrock) .and unconsolidated ' formatjotis; 
r movement and q u a i i t y  a re  most i,niport&$., 

1 .: , .(. , 
.. ' .  ; '.* : ' I f  n o t h i n g  is  known- about the geologic se t t i ng  of t he  si te,  research s t i a - .  

.(I ..:. , ,..%igia$iy. f i r s t  [Table 11. , If other geologic f ac to r s  a re  of 'concern, ..st+a: 

:' . . t i g r a p h i c  information-is l i ke ly  t o  provide clues a5 t o  which a re  impohant. 
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. . . .  
'. $ . I .  

. .  
ample',' i f  , .s tratigraphy . .  i s  complex 'due t o  . f a u l t s  and. fo lds ,  " 'structural '  
es" would be 'an appropriate subject  t o  research. I f ,  ce r t a in  forma- 

. .  ,: .t i?ns .are found t o  contai.n 'abundant lead-beari ng minerals, then "mineral . . . .  . .  .I 

es". should . . . . . .  be :.researched. , :  Judgment. is.; exercised. t o  determine. the. " 

. . .  .. . ,  . .  i . .  ..>. .  . .  
... . . . .  .of in farba t loo  gathering i n  any 'subject  area. . .  . . . .  . .  . . . . . . . . .  . . . . .  . . . : . .  . . . . .  %. . .  . ,.. 
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. . .  . . . .  .:Si& geolocj  i s  often expressed i n  the surface topography as  lahd,forms 

~ . . .  _ . . a .  :.:.: be'cause ,..g eo,lqgic' s t ruc ture  is .a dominant control f ac to r  i n  t h e i r  evaluti.on. 7 6  
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. .  Hvdrbloay .. 
L .  i .  1 , ' .  ' ,  1, . .  . . .  . .  . . ,  . 

I 

I . .  . .  Water t ransports '  po l lu tan ts  from disposal s i t e s  i n to  . t h e  surrcunding 
! . .  

environment [Figure 21. Pertinent hydro1ogi.c information r e l a t e s  ' t o  trans- 
Port  water sources (? .e . ,  r a in fa l l  and upgradient groundwater flow) and 
downgradient movement on the land surface or  i n  the subsurface throiigh per- 
meable media. 
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.No s ingle  fac tor  prevai ls  a t  a l l  s i t e s ;  therefore ,  several 
charac te r i s t ics  o f  local hydrology m u s t  be assessed for t h e i r  r e l a t i v e  
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/ I  Surf ic ia l  Materials 

Groundwater recharge from i n f i l t r a t i n g  prec ip i ta t ion  .depends on the  
permeabili ty of s u r f i c i a l  mater ia ls  and r a in fa l l  in tens i ty .  
information i s  found' i n  USOA County Sof l s  Maps [Appendix A ,  Pa r t  51. I 

Examine s u r f i c i a l  mater ia ls  a t  several  representat ive loca t ions  and 
c l a s s i f y  them by grain s ize  and degree of so r t ing ,  a s  a minimum. 
hole excavated by shovel o r  hand auger i s  des i rab le .  t o  .obtain su i t ab le  
samplei f o r  examination. Use the  following tab le  a s  a guide f o r  describing 
grain s izes .  

General s o i l s '  

A shallow 

, .  . . .  . .  

Table 3. . .  
' GRAIN S IZE CLASSIFICATION 

Grain Size Common 
( i n . )  Reference Class i f ica t ion  (mm) 

. . . .  -. Gravel . . .  >2 ' . .  ,,I. ...... > 0.08 ........ %/1oe.jn.. 0r:;larger . +:L . . .  
, Very .coarse.  sand 1' t o  2 0.04 t o  0.08 

Coarse sand 1 / 2  t o  1 , 0.02 t o  0.04 , "Sand g r a i n s  v i s i b l e  . ' 

Fine  sand 1/8 t o  1/4 0.005 . to 0.01 
Very fine sand 1/16 t o  1/8 0.002 t o  0.005 
S i l t  , . 

.Clay <1/256 <0.00015 

. .  , . Medium sand ' 1/4 t o  1/2 0.01 t o  0.02 t o  unaided eye 

1/256 t o  1/16 0.00015 t o  less ' Grains n o t d s i b l e  
: t o  unaided eye 

. . .  

I .  
. .  

. .  

than 0.002 

., . -  
. . .  . . . . . . . .  

. . . .  . .  
. . . .  

' * .  . .  . .  . ' I  

Distinguish s i l t s  and clays using a l o x  hand lens; i f  f i n e  gra'ns a r e  
v i s ib l e ,  the  material i s  probably s i l t .  Describe grain s i z e '  mixtures by 

.... using subordinate f r ac t ion  names a s  modifiers f o r  the  dominant f r ac t ion  
(? .e . ,  s i l t y  sand). 
from "poorly" t o  "well" sor ted ,  depending on the degree of uniformity. 

dessicat ion cracks. 
color  charts." 

I 
. .  . .  

Denote the range i n  grain s i z e s  by. descr ip tors  ranging 
. .  

. .  
. Descrjbe other  fea tures  such as co lor ,  p l a s t i c i t y ,  organic content ,  'and 

Oetermine colors  through comparison, w i t h  standard s o i l  

.., . 
. .  . .  

. .  - .  
. .  * Nunsell Soi l  C o l o r  C i ? ? r t s ,  idacBet.5 Divis ion,  2 4 4  Y o r t 5  Calvent S t r e e t ,  

Baltimore, ild. 21228 

. . . .  

. .  

. . .  . .  
. .  

. .  .. . .  
: . 
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. . . . . .  
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. . . . .  
. .  .. ,. . .  

. .  . .  
, .. . .  . . , ,  

. .  
. .  Cite bedrock outcrbps'on the  s i t e  map, record t h e  physical dimen- 

and ident i fy  the rock .type. Also measure major.cjo;nt trends anc 
nat s t r i k e  and dip ( if  discernible) w i t h  . a . p o c k e t  transit., 
for .  making these measurements a re  presented - i n  reference .12.. ' I f  

.. ..... . . . . .  .... 
. .  ..... . .  i .,), - -" .  

,,.. 4.. 

"'.:.r.ock ' ident i f icat ion is -not  possible,  co l l ec t  samples of each 'rock type,  
.? . l.abel prop.erly, and photograph the  outcrop. 

j ,., _.A 

< . .  . . .  .; -; 

['.:.',:. . , 

. . . . . .  - 
Proper label ing involves' . . .  . . .  . . . . . .  

. .  . . .  . recording the  ver t ica l  posit ion i n  the  .section . in  a pro jec t  logbook and 
. .  . . . .  . . . .  ..... . . .  . . . . i .  

. .  . .  . .  ;. . ;. . . . . . i  
1 .  

! :. . ._.: . .  

. .  . . .  . ' .  : .. keying the  infobmation to  a sample.. tag affixed, t o  . the .  specihen' and/or . .  I .  ... .... 
' .sample bag. ;.:Handle the sample under ,normal chain-of-custody procedures,..f+ 

. . . .  . .  

....... 
. .  

. .  6 . I  
_ i  

si.te Wells' and..Deoth t a  Groundwater ' - 

ipcludes data pn screened . . . . . .  

' Co&let&.cofistr;u&ion . .  . . . .  

a perm?nent monitoring . .  Aet,+o.;.k.x . j  . 

invasion through ' t h e  'screen .. .or? ' 
. ' Because "of ' the p&entiai v .  ' fop'. 
1 ' w i t h  a reusable weight attached t o  

a disposable ' line. 'Slowly lower the weight in to  the'well' un t i l  t h e  hottom 

With  the l i ne  taut,  mark the  top of casing level on the l i n e  
Wie waterproof ink. 

accurately'measure the  length of 1ine.below the  mark.' Discard the  l i n e  and 

. . .  . .  
. . . . . . .  

, .  
: ' i s .  detected. ! 

. .  

Recover the l i n e  and .weight f ram' the well and. 
i 

! . '  
I. I ,  i .  
I :  

! I  
. .  . . .  

! 

. i  , * .' ' !  , .  

i :  
Same da"d may be useful for' estimating p o l l u a t  travel. dis t&ces  and . ' . 
..'the ather  k t a r p r e t a t i o n  withaut being used as -evidence. 

. .  . .  . .  
. .  I ,  

i '  . t  
! 
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Good engineering practice for cover, dike, and liner installations is 
.to conduct preliminary soil exploration work. If available, review explora- 
tion records for relevant details. 

Buildinas and Structures . . .  _ -  
AS with dike and liner installations, major building and structure 

construction is normally preceded by soil exploration work,. which could 
also yield pertinent subsurface information. If s o i l  exploration work was 
conducted, obtain boring logs, location maps, and any results of soil testing. 

i .  8 .. 
Check foundations for settling cracks and basement seepage that might 

'yie1.d information about subsuriace conditions such as areas of subsidence 
or shallow groundwater conditions. 

i 

i 
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i_ 
. . . . .  ' ThejObjectj.ve of monitoring a t  an HWS i s  t o  ident i fy  or  def.ine the 

, ~.. 
. . .  

.. , ..groundwater pollution problem. To achieve t h i s  object ive,  N E I C  procedure 
. , .  . . . . . . .  . . . . . . .  i s  t o  conduct a .  mu,l.timedia study ,which often includes s a m p l h g  p a l l u t a n t  
.... * . . source ,areas,  groundwater, . surface water., sediment, and a i r .  'Subjects and 

-,'.;: procedures Ydiscussed'h'ere deal spec i f ica l ly  w i t h  direct and ind i r ec t ' i nd i -  

iatqrs, of both .site-hydrogeology and. pollutant  mo<emenk i n  the subsurface. 
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L ,  :. ..r. .. 
. . . . . .  . . . . .  ' ' '  Information on."above ground" monitoring procedures a re  ava i lab le  i n  the . .  . . .  . . . .  
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. .  .',' . . GENERAL SAMPLING CONSIDER,~TIONS 

Far sites where waste . .  mixtures' of unknown composition 
; ctpnical analysis typica!Iy ,compriie< uii :giniral .  a&n- 

. . . .  . . . . . .  .. . . . . . . . .  &.ting:and bioassay;,. w i t h  water f leas .and  f i s h ,  
maY:,,be .,Conducted to::determi ne 'potent ia l  adverse ;effects  &'.the. i vihg. .&- 

. . . .  

. . . . . . .  . . . .  . . .  hasis .on  p r io r i ty  polluta&, other pes t i r i des ,  .metals, .. .! .. 
. .  . . . .  " a : .  . .  . .  

$ C  (.. -.,and. ani.ons.~I,-Mutagenicity i . , ; ,  ' . "  

!,' ..................... . .  L... . .  , .  . 
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. .  
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I. 

. .  ,.. mbri+:t& ' .  '?;able.r4..!;(.f.roa. reder&c& ..is].: indic&esi..mkja,' types ,if, pol lut&, . . . . . .  .. . . .  . ... . :  I 

, : . .  
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I 5 
I ,  
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.. . . .  and municipal saurces . tha t  should b e  conside . . . .  
: from various indu  

. . .  .::; ........ . . .  ...... . .  .. : : l . . .  . . . . . . . .  ., , I ,i:'.'l . ,  
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I s  

.,~ . '. 
. .  

. .  
, . .  

Chemicals known t o  be" in  the disposed waste w i t h  demonstrated high '' 

mobil i t ies  can poten t ia l ly  be used.as leachate plume tracers o r  ind ica tors .  
Analyze for these parame.ters a t  a l l  sampling' po in ts . '  Organic wastes tend 
t o  produce strongly reducing conditions 'that increase the. s o l u b i l i t y  of the 

<... . non-mobile" chemicals u n t i l  soil attenuation a.r oxj.djzing conditions remove 
them from solution. Therefore; plan waste source and close-in. groundwater 
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CO11STiTUC1115 I11 l l l U l l S T R i A t  AllU HUlllClPAL HASTCWATLR l lAVl l lG 
! . SfC!llflCA!lr PUTEliTtAL FOIt GROUllOIfATER COIITNIIIIAI IO11 

I ~ ~ S I C  IO. 11. ' a n u  

I .  
Mcta l  and Coal b 1 i m ~ ~ - I m l t ~ s t r v  (51C Io,  11- t l i t r o q e n  F c r t i l i i c r  Inchistry (SIC 2873) (Cant.) 

> .  
. .  

I .  ~I lag i ies ium.  I I , < :  . chromiu?l Z inc  Pi1 

. . .  .Nitrate Sodiwn 
T o t a l  d isso lved s o l i d s  Calcium .. Phospllate 

' pi1 Zinc . .  
' , T i l l  " . i  S i l v e r  . 

Manganese 
Calcium ' '  . . . . . .  . .  Vanadium 

Rad i uen 

Selenium 

SUI f a t e  
l l i l r a l e  
. c111 " r i d e  
luLal Dissolved Solids Phcnol . .  Potassium ... P i m p h a t e  F e r t i l i z e r  I n d w r t r v  ( S I C  2874) 
Plnrsiiltale 
C a l l p r  
11 ick u I Cltroniiun . .  . Goid . . O i r s o l v c d  sollds A h m i  nuin N i t r o g e n  Lead . .  Cadmim . . .  

Cadmium Vanadiuin 

. .  .... Sudium . 1' 

, Iron 1. , Aluuinum' .. ~: Calcium A c i d i t y  l l c rcury  

F l u o r i d e  Arscn ic  S U I  fir t o  
. .LI~:ariiom Plf Iron . Uranium 

Phosphorus 
. .  . :  . < .  . . . .  , I.. Rad ius  '.., I'. 

PAPER AflD ALLIED PROllUCTS (SIC 26) ' .  

. .  . .  
, .  . . .  

S . 8  

rEinoLEui4 AND COAL PiionucTs (SIC 291 - PtIlP and Palm I i l d u s t r v  .(SIC 2 6 1  and 2621 
' . . ' .  . .  

con/u.cn . . PIIUIIO~S :. N i t rogen 5 Petroleum A c f i n i n o  I n d u s t r v  ( S I C  29lJ 
TOC S u l f i t e  , ' Phosphorus .. :': , . , 
p l l  Culor Tuta l  Diss: ,I - 1  Chlor ide  N i t rogen . 
llcavy rnetalr n i o c i d e s  S o l i d s  I . Color Odor . . .  . . .  '* conieoo copper T o t a l  phosphorus -: 

. . .  .... CtlE!lICALS 11110 ALLIEO PRODUCTS ( S I C  28) .'? P l l  Cyaliide s:11 f a t c  
. .' Phenols I r o n  TOC 

sulfide Lead . .  Turh id  i ty 

r R i m Y  EIETALS (SIC 33) 

- Organic Cticmic.115 ~ n d u r t r y  (SIC 2861 .. 
' .. : ' T o t a l ' d i s s o l v e d  So l ids  .Hercaptans 

. . . .  
Pkcn0 15 
Cyanide 

con/uoo A l k d l i i i i t y  
Ptl TOC 
T o l * l  Disso lved Sol lds  Tutal- phospitorus T o t a l  n i t r o g e n  
i i ravy  metals 

.... 
Steel lilrlustry (SIC 3311 . .  

. .  

Inorr lanic Chemicals, Alkalies., 'and Chlarfne I n d l i s t r y . l S I C  2811 ': 
. .  . ,  . .  

- 
a c i d i t y / a l k a i  inity ~ C l ~ i o r i n e t e d  benzenoids Chraniua : ::, ;;' 
T o t a l  d isso lved s o i i L l s  and po lynuc lear  a r ~ r n a t i c s  Lead . . . . .  
citluride Plienols T i tan ium . . . . . .  
S d f r r l r  Fluorirle l p - ,  " . ,  
c LI n / u o u .Tutal phosphorus ' ' Aliiminum i . '  - 

' i nc  . Cyanide boron ' . 
, l lercary A r s e n i c  . . 8 , '  

". C~IENICAI.S Aiio AI LIED Pitonucis ; .' '. . . . . .  
' . ,  ..i 
. 

._ . .  P l a s i i c  M a t c r l a i s  anrl Synthet ics  Isdustry ( S I C  282)  ' ' 

cdniuoo Pliosphoriis . .  
)>It .H i  h a t e  
Pl,cnols Organic nit rogen: 
l u l a l  clissolv'ed 501 Ids 
S U I  Tar. i rolyi iuclaal '  aromatics 

C l i l o r i n a t c d  bonzenolds'an 

. l l i t r u r i r n  _- F e r L i l i z e r  IncIustry ( S I C  20731 . . 

Ainmnii 1 a st11 f i l l .? 
Cl,l.orille Organic rritrogen . , ?. . . .  .,2 

:. 
.... c"u~~'os"rlr ' . . 

Pli Cyanide 
Ch lor idc  P l W I O l S  
5,,1 fate I t o n  
Anironia N icke l  

T in  
Chromium 
Z inc  ' 

, *  
, E m r m .  CAS, ntco s m m w  SEavrcEs (SIC 191 . .  - 
. .  

Powor Goixeratian l n d u s t r v  ( S I C  491) 

cooinoo Copper ri,urphorus ? , .  
Z inc  Organic b l o c i d e r  " ' '. . ' P o l y c h l o r i n a t e d  

Tota l  d isso lved s o l i d s  Chromium Sul f l r  d i o x l d c  " .  
' O i l  and grease O L l w  c b r r o s i o n  llcat .. 

b lphcny l  s .~,. i 

. . .  .. 
~ ->. , 

. .  ..,. 
i n l i i b i t o r s  

Mun ic ipa l  Scwiqe Treatnient (SIC 1951 . ,.̂ .,t ,. . .  . . . . . .  
. I d 

. . . .  / . . . I  ; .. Pll Ili t r a t e  S u l f a t e  . .  
coo/uon Aiim~on i a Cnpper 
A l k a l  i i l i ty  C l l lo r idc  1 i n  
Or lergcnts  Sodiuin z i ,IC 
Total dissolved s o l i d s  Potassium 

' . 8  

V w i a u s '  Organics .3 . :  
N '. 
u3 

. .  
, . .  

7 . . . .  . .  .; 
. .  ! 
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accord- 

i s  a l s o  * 
. .  

scharges 
some' : 
. .  

i. I n  

. . . . .  > . .  
. . .  

. .  

. . .  . . _  , .  

A common and proven e f f ec t ive  cleaning procedure is  t o  thoroughly wash 
t h e  equipment w i t h  a -laboratory-grade detergent followed. by clean water,  
solvent ,  and d i s t i l l e d  water rinses. Acetone i s  general ly  the  .recommended 
solvent. Suf f ic ien t  time should be allowed Tor the  solvent  t o  evaporate 
before the  f ina l  rinse as sample contamination problems have a r i s en  from . , 

solvent / r inse water not drying completely before equipment use. Clemed 
equipment surfaces  may be protected w i t h  new aluminum f o i l  i f  there is a 
potent ia l  f o r  contamination between cleaning and use. 

' 

'F 
. '  
. 1  

. . . .  
. . I .  

GROUNDUATER MONITORIFIG ! t's'or !. 

..... f 

[ 

.. - 

. . .  
i 

.. 
. . . .  

.. Accessible sampli.ng s t a t i o n s ,  such a s  seeps,  spr ings ,  and ex i s t ing  
start- j wells, a r e  normally t h e  f i rs t  choices f o r  groundwater monitoring. The pau- 

i ta i , . c i t y  ' o r  absence of these points  may require  i n s t a i l i n g  shallow-driyen well 
Y:per- points .  i n  some cases,  depending on the water t a b l e  depth and mater ia ls  t o  

be penetrated. * 
......... .c;., ... .;,!q ..:._ ~ . . :  :... ...- ....:,.,-.'... ..... . . . .  . . . . . . . . . .  .. - ........ 

. . - .  ! .  ' , , . 
. . >  . .  

. . .  . . .  
. 

S , '  . I . ,  , 
. .  

. . ,. .:.>::. , .During 'preiiminary monitoring, choose 
-.. si,te t o  increase the chance of detect ing 1 

propr ia te ,  s e l e c t  points  near property l i n e s  t o  document probable or actual 
o f f s i t e  po l lu tan t  movement. 

. . . .  . . ~ .  

I t S , t O  { 
Locate sampling s t a t i o n s  both up- and down- iners * .  ' I 

Se:..' f gradient  from the s i t e . t c  determine the ex ten t  of groundwater degradation. . .  

. . .  . . .  
. .  . pment 

' i a l s  I - .  S e e m  and Sorinos 
ini c . .  . .  

* 
. . .  1: 

d 1 

1 .'. .: 

. . ' In the  simplest  cases ,  f i l l ,  t h e  sample containers  e i t h e r  d i r e c t l y  from 
the discharge or  an adjacent  downstream pool.: Excavation, w i t h  thoroughly .,. 

cleaned too l s ,  ,may be required t o  form a pool of suff ic . ient  s i z e . '  If exca- 
vati'on is required, a l low so l id s  s t i r r e d  in to  suspension . t o  s e t t l e  or  f lush  

... ' C  
'.:. ,':' 1 

. .  i- 
I '  

. .  

1 o u t  beiore sampling. 

- ' 

. . .  . .  . .  . .  

.. 
. .  , 

I 

i'. 
$ 

. . .  '2 
L '  * . Comprshensive w n i t o r k g  well aetivorirs are discussed. in Sec t ibn  V.. 

. .  

~ 

. .  . .  
. . .  . .  

. .  
. .  ' . .  ! 

. . . . . .  * .  . .  ' > :. 
I . * a  & ' . . . .  . .  . .  

. . .  , 
. .  

. .  . .  . .  
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and. Observations: 
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.... c::' . . . . .  .: > .% .'.. . . . . . .  

_ a  . . .  . .  
. . . . . . . . .  . , .  . . . . . . .  . . . . . . .  

., . .  , .  . .  
....... ..I ,.::. '.' . .,.: .,:. (.,'. , 

. . . . . .  . . . .  .... . . . . . . .  . . .  . ,  . . . . . .  . . . . . .  . . . . . . . . . . . . . .  . ,  . 
. . . . . . . . . .  . .  . .  1 . . . . . .  * . . . .  



i n  the  screened section wil l  mix w i t h  the  groundwater due t o  normal flow 
pa t te rns ,  b u t  the well water above the  screened sect ion will remain i s o -  
l a ted  and become stagnant. Stagnant water may contain foreign material 
inadvertently o r  del iberately introduced from the  surface,  r e su l t i ng  i n  
unrepresentative data and misleading in te rpre ta t ions .  

Considerations for presample purging include proper disposal of pumped 
. l i q u i d  and calculat ion of adequate volumes. 

fur ther  environmental contamination, planning for purge water disposal i s  a 

the  ground (not back down the  well) t o  f u l l  containment, treatment, and 
disposal.  I f  the  well is believed t o  be contaminated, the  best  p rac t ice  i s  ' ' 

t o  contain the  purge water and s tore  i t  u n t i l  the  water samples have been 
analyzed.* Once the contaminants a re  ident i f i ,ed,  appropriate treatment 
requirements can be determined. 

Because of the  poten t ia l  f o r  

necessary p a r t  o f  well monitor ing.  Alternatives range from dumping i t  on . . .  

. .  . . .  
. . . . .  . . . .  . . . . . .  . .  :_  

. . .  
. I . .  

Required. .purging,. suggested by ,avai, lable:  literature;*>ranges . .  

.ve casing volumes** w i t h  judgment .~ . input . .  being . . . . . . .  a critiCa1';f .._.. 
sure  t h a t  pumping is  n o t  excessive. .  Leachate s t r a t i f i c a t i o n  . .  i n  groundwater . . . .  ., 
may OCCU:, and excessive pumping can r e s u l t  i n  flow enter ing the well from 
outside the  zone of i n t e re s t .  

..nantly '.'fresh" groundwater, depends on: 

. .  
Purging,.necessary before ,obtaining predomi- , ., . 

. -  
, . .  

. .  
. . . . .  . . .  . . . .  . . .  . . .  . .  

. .  
. I  

. . .  . , ; : .  ..... < . . . .  . . . . . . . . . . . .  . . .  . .  ' ' : : .'' ."  ' . . .  
. .  

. .  

. .  . .  . . . .  . . . .  
;.;. 

. .  . . ,  . 
. .  

- .  
. .  - _  .. ~ 

. .  

, .. . .  
1. t h e p u m p  intake level 
2. 

3. 

water-yielding a b i l i t y  ( spec i f i c  capacity) of t he  
. . .  .. , . .  . .  , .  . . .  

. '.. aquifer  
. .  

well ."openness" t o  the aquifer  (well e f f . i ~ i e n c y ) ~ O .  .. 
. .  

Pumping is required to  determine the  l a t t e r  two factors ;  . therefore ,  'during 
i n i t i a l  sampling, "rules .of thumb" a r e  followed while well performance i n -  

. .  

. ,  
. 

formation is gathered fo r  future  sampling. . .  .\ . , . . .  .: . , 
. . . .  .. . . .  . . . .  

. .  . .  
. .  ., . s 

. .  

. - .  * 
** See "Containing and Disposing of Contaminated 3jaterials" in Chapter V .  

The -?dune of watar contained in @e casing before' pmping. 
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d sampi'iig procedures arc 
pie ,  three casing volumeii 

. . . . . .  hrough the  screen 'before sampling except. when a.'.pump/packer . . . . .  
Procedures discussed may be modifed f o r  spec i f i c  'anaiyt .  

i ' : "  . . . . .  ' .: . .:' lCa1 Parameters, .well designs, and pumping systems. Vola t i le  organics,. Pc: 
' " example, may require special sampling techniques, sealed wells may proh. ihi ;  j , ', .. 

I - 
I . .  depth and water level measureme.nts, and ideal purg ing  may be impractical .  

i h v e s t i g a t o r s  must exercise judgment when .co l lec t ing  samples and f u l l y  

. . .  . . . . .  k 
! . ._ ' . 
! . I  I . "  . : 

i . . . ,  . . L .  

! . i  .. :.i".. v:. 

. . .  . .  
. .  , .  

. . . .  ..., 
. . . . . . .  . .  

sed. 
. . . . .  .. 
. . .  

.... . .  i 
. .  

.i :., .: 
.,:. :>:. .: . .  
. . .  .: 

... . . .  t 
I .  

: 
. . / .  I .  

I .  .: 

. . . . .  
. . . . . .  . .  . .. . .  

' .  . document' the procedures used. 
. .:. 

. .  

. .  . .  . .  ., , 

. .  . . . .  . . . . . . . . . .  . . .  * 
.+. . ' 

.. ; . 

. . . .  . . . . .  . . . . .  

. .  
. .  

.(. 

. . . . . .  

.:.> 

. . . .  

. .  

... < . . . . .  
. ,  .. - I. . 

. .  ' . I _ . ;  .. , c \  

~ I groundwater sampling points a r e  e i t h e r  inadequate' o r  
well points can sometimes be ins ta l led .  , In some i n -  

llow augering equipment .can be rented from a contractor 's ,  sup-  

f irm.to:enable deeper well. point dns ta l ia t ions .  . . . .  ..:.; .. 

. . . . .  . .I . . .  . .% . .  

lly, we1,l points.  a r e  instalxed ip"medium--to.."coar -. . .  
sandy mater ia ls . in  ,,shalj'ow .water: '&aS;..:They, a r e , u s w l -  

, .  . . . . .  
l.aced near t h e  disposal s i t e  o r  zones of,,g,roundwater., discharge, such a i  

:':. For: th . is  method, a 1.25. i n .  diameter weli point with,:a .60- 
slot ' scre 'en is  recommended. .The well' po in t ' , i s  attached t o  the 

Figure 81. ' Normally;' ttie.well point',can be drf)/en . to 'hbout 
'30 f t .  depths haie been. reported.' ,Advantages, o f  this Gethad 

re.:, . . . . . . . .  ( l > . l O w  .cost, f2) instal led.  by hand w i t h o u t  need f o r  d r i l l i n g  contrac- 
r,  and ':(3) good .seal '  between. casing, and .aquifer ca, be.  expected M t h  .'l+t- 

. ' t l e - ' o r  no .Ieakage: ' ,The  well points can be recovered, b u t  reuse i s  ndt"re- 
Example 4 presents t h i  procedure .sUg- 

. .  . .  . . . .  

. . . .  . . . .  . . . .  . .  . .  . . . . . . .  
ipe: and 'driven to. compi.etion .depth w i t h  a drive.  w&g& or . .  

, .  

. . .  ... 

. . .  . .  < . ,  , 

I ." . ~ ., 

. . .  1 : '  . 
. .  

commended due t o  cleaning problems. 

. . . . .  gested f o r  driven well point .  i n s t a l l a t ions . .  : " .  I 

. .  
. .  

I j 
! 
i . . .  A Sma1.l contfnuous-fl ight power auger '[Figure.91 can be used. to  bore 

down t o  ' the desired completiin depth before,t.he bill p a i n t  is driven. In 
loose, sandy Soi l s ,  well point penetraffon i s  much easier and ins ta l . l a t ion  
depths. a r e  .increased. For  m r e ' c o h e s i v e  mater ia ls  f i .e . ,  sifts and c l ays ) ,  

. .  

. d .  

, . .  
. .  . .  

. I '  
i .  
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. .  Generally, there  a r e  two types of sediment samplers: (1) bottom scra- 

I pers ,  s u c h  a s  scoops and dredges; and (2)  bottom penetrators such as  s o l i d  . 

core tubes and split-spoon samplers. 
the  survey purpose usually d i c t a t e  the  sample type. The bottom scraping 
samplers c o l l e c t  disturbed ( r e l a t ive ly  recently deposited) s e d i k n t .  while 
the  coring devices c o l l e c t  reTatively undisturbed samples representing 

: 
3 

. .  . .  
The nature of bottom matar ia l s  ard/or 

I . . ,  longer periods of deposition. . .  

AIR MONITORING , .  Y 

' '  .Air monitoring can sometimes be useful as a s a f e t y  precaution during 
d r i l l i n g  and i n  determining t h e  presence of v o l a t i l e  organics in  boreholes 
and wells t ha t  could migrate i n  the subsurface. 
use the  HNU meter t o  monitor t h e  borehole and cu t t i ngs  f o r  po ten t i a l ly  dan- 
gerous gases t o  minimix the amount of  p ro tec t ive  gear worn by t h e  d r i l ' l i ng  
crew and others  c lose  t o  t h e  r i g  [Appendix GI. 

. .  

. .  ! 
. .  

. . .  

During d r i l l i n g  operations,  

. . . . .  
. .  . . . . . . . . . .  . . . . . .  . .  

. ..... . . . . .  ...................... , ; ., ,.,. ;:*, , >Ji;.;.':..:.' ; i ,i .... '.b..s:..:, ... >.% . . . . . . .  .. . .  . . .  
, . ' I  I *  . . .  . . .  . .  " I .  i .  ,: . .  , :.*, :.; , - I  r.,:... ..>.,.. ,. %<.. * 

. . . . . .  . ' Screening o f .  the head space ( a i r  . .  above the water level) i n '  boreholes ,,..:,;, '. . ~ 

.and. wells can . .  a l s o  be accomplished w j t h  the HNU meter. , If vapors a r e  . . .  : . I ; . . .  

detected, a i r  samples, should be col lected.  Sampling equipment of ten  con- 
sists of a ca l ib ra t ed  personnel monitor (vacuum source) connected, via an 
intake l ine,  t o  a g l a s s  tube packed w i t h  Tenax , a 'porous polymer resin . 

. .  . .  ' . ' .  ,. . .  
. .  

. .  

F3 
. . . .  
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Generally, t he re  a re  two types o f  sediment samplers: (1) bottom scra- 

pers,  such a s  scoops and dredges; and ( 2 )  bottom penetrators  such a s  so l id  
core tubes and spli t-spoon samplers. The nature O f  bottom mater ia ls  ard/or 
the  survey purpose usually d i c t a t e  the  sample type. The bottom scraping 
samplers co l l ec t  disturbed ( r e l a t ive ly  recent ly  deposited) sediment whi1.e 
the  coring devices c o l l e c t  re ' lat ively undisturbed samples represent ing 

. ' .  
. .  

. .  
longer periods of deposit ion.  . .  

AIR MONITORING 

. .  
Air monitoring can sometimes be useful as a sa fe ty  precaution during 

d r i l l i n g  and i n  determining the presence o f  v o l a t i l e  organics in boreholes 
and wells t h a t  could migrate i n  the  subsurface;  
use the  H N U  meter t o  monitor- the borehole and cu t t ings  f o r  po ' tent ia l ly  dam 
gerous gases t o  minimize the amount of p ro tec t ive  gear worn by the  d r i l l i n g  

. ..... .. 8 .  ! ... ,- ..... ~ ,; .::.-. ;.(; .. .&.d,, ..fi?.:- : %.i . .> ' . : : .>ni  ..,. 8,$.>-,?-~;.+* 

During d r i l l i n g  operat ions,  

. . . . . . .  . . .  c rw and others  c lose t o  the r i g  [Appendix GI. .. 
. . . .  . . . . .  . . .  . . .  .. ,, . . .  . _  .:. : .fr '' : i , .  ,.I. > . , c r  $'. ,: .:: ..;, % ~ . # , .  . 

. .  
; . i  .. .-Screening .. o f  t h e  head space ( a i r  above the water leve l )  i n  boreholes .. .........' . .  
and .wel ls  can a150 be accompl<shed w j t h  the H N U  meter.' 
detected,  a i r '  samples should be col lected.  Sampling equipment of ten con- 
s is ts  of a ca l ibra ted  personnel monitor (vacuum source) connected, via an 

intake l i n e ,  t o  a g lass  t u b e .  packed w i t h  Tenax , a porous polymer resin ' 

[Appendix E]. 
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w i l l  comprise a s i n g l e  w e l l  o r  a w e l l  nest.* They w i l l  a l s o  d e f i n e  where 

. i n  the  plume ( top, middle, bottom, o r  outs ide) the w e l l s  must.be loca ted .  

The eva lua tor  must be able t o  recognize the  a b i l i t y  o f  a p a r t i c u l a r  

network o r  p lan  t o  achieve t h e  s t a t e d  purposes o r  ob jec t ives .  

- p o i n t s  t o  l o o k  f o r  i n  study plans are s p e c i f i c i t y  and reasonableness; t h e  

p l a n  should f u l l y  exp la in  how the  ob jec t i ves  are t o  be met.by t h e  network, 

e x a c t l y  how the  weUs w i l l  be i n s t a l l e d ,  and the  . f l e x i b i l i t y  g iven  t o  t h e  

f i e l d  supervisor.  For example, t he  p l a n  should d e t a i l  procedures f o r  con-. 

t a i n i n g  and d ispos ing  o f  contaminated cu t t i ngs .  Disposal o f  t h e  contami- 

nated c u t t i n g s  i n  a nearby stream i s  unreasonable. 

' misunderstandings can .be reduced by f o l l o w i n g  these two gu ide l i nes  which 

. .  

The key 

. 
Er rors ,  overs igh ts ,  and 

must be used f o r  w r i t i n g  plans as w e l l  as reviewing them. 
. .  

. .  
i 

. . .  
PLANNING THE MONITORING NETWORK 

. . . . . . . . . . . . . .  ..... .; . . . . . . . . .  
E a r l y  i n  the' p lann ing '  phase, . f a c t o r s "  such' as  ex te rna l  requirements, 

data r e q u i s i t e s ,  and w e l l  placement are considered t o  avo id  shortcomings 

These t h r e e  t o p i c s  are . . d u r i n g  t h e  hell design and i n s t a l l a t i o n  phases; 

' 'presented here i n  a recommended order  df cons idera t ion  f o r  a " t y p i c a l "  

' '  p lann ing  exercise. When eva lua t i ng  plans, check t o  see t h a t  the.variab1e-s 

i n d i c a t e d  have been addressed. . . .  

. .  
, .  . .  , . . ,  , 

. .  . .  . .  . .  . .  
. .  

. . . . . . . . . . .  ... . . .  
' '  ' . .  

. .: .:  j . .  . _  . I . .  . .  ...... 3 
. .  - .  

. . .  ,. . .  

' External  Reouirements 

i 
..i . : . .  

Ex terna l  requirements o r  cond i t i ons  a re  those t h a t  can a f f e c t  w e l l  . ' .  

de'sign and loca t i ons ,  over w h i c h ' t h e  p lanner  has no con t ro l .  Three types 

o f  requirements and cond i t ions  normal ly  rEsearched include: 1) p e r t i n e n t  

s ta te ,  l o c a l ,  o r  o the r  regulat ions; .  2) permissfon t o  cons t ruc t  w e l l s  on 

p r i v a t e  property;  and 3) l o c a t i o n  of bur ied  and. above-.ground u t i l i t i e s  t h a t  

might pose sa fe ty  haza'rds t o  t h e  d r i l l e r s .  

have been gathered dur ing  e a r l i e r  i n v e s t i g a t i o n  a c t i v i t i e s  as o u t l i n e d  i n  

Some: of t h i s  i n fo rma t ion  may . ' 

previous chapters of t h i s  manual. I f . n o t ,  begin ga ther ing  t h i s  in fo rwat ion  

when the  design process is i n i t i a t e d .  
- . .  

8 

* T:VO or  more wells, finished t o  d i f f e r e n t  de+is, u s u a l l y  i?.sta.led i n  
close +9XiZik$. . .  

. .  . . .  
. .  

. . .  . . .  
., . . 

. .  

. 
. .  
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Data Reouisites 
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The f i rs t  four chapters discuss various a c t i v i t i e s  f o r  obtaining hydro- 
geologic information during a hazardous waste s i t e  invest igat ion.  T h i s  
same information is used f o r  planning, designing and i n s t a l l i n g  a monitoring 
well network. As a minimum, assemble data f o r  requis i tes  presented i n  
Table 6 from the f i l e  information. I f  c r i t i c a l  information on these requi- ' . 

s i t e s  has not been obtained, e i t h e r  estimates o i u s t  be  made or  more data 
wil l  have , to  be gathered. In s t a l l i ng  monitoring wells and.analyzing water 
.samples a re  expensive, t h u s  a concerted attempt must be made t o  g a t h e r  real  
data whenever possible. 

- ' 

. .. . , .  

. .  ' . . .  . , ,  

Well Placement 

Determining the  number and map location of groundwater monitoring ' s i t e s  
a r e  t h e  first major tasks  i n  t he  network design process. .The  next 's tep is" .  

... determining the  vet'tical posi t ion of the  well-screens: '%ring 'the planning 
process , . a t ten t ion  mus t  always be focused on the  network purpose and objec-. 

. t ives .  Rather ,than s t a t i n g  spec i f ic  procedures, several fac tors  and con- 
cepts  a re  considered f o r  planning o r  evaluating a monitoring network. 

. . .  . . . . .  . .  . .  
. .  . 

;.- 

. .  . .  

... 

blem e x i s t s ,  only . t w o  properly placed wells (one upgradient and one down- 

and a '  simple object ive,  f low d i rec t ions  and proper locat ions -are  normal1.y. /e', 
d i f f i c u l t  t o  accurately determine. 
usually ins ta l led  t o  incrsase  the probabi l i ty  of intercept ing the plume. ., . 

number of wel1s.will  depend on problem seriousness,  hydrogeo1ogi.c complex- . ' ,  

I n  an ideal s i t u a t i o n  w i t h  one potent ia l  leachate source, ..a g.eneraily' 
. .  

known groundwater flow d i rec t ion ,  and an object ive of  ident i fy ing  i 7  pro- 

'g rad ien t )  would be needed [Figure .SOa]. Even .with a s ing le  learhate 'source 

. :-- 

. .  . .. < .. 

. . .  

. Consequently, 'more than two well~s '  a r e  

. .  [Figure lob] ,  co l l ec t  adequate data ,  and be economical. Ultimately,, t he '  . .  , ' .  . 

. .  
i t y ,  and avai lable  funds. I 

. .  
. .  

... . . .  

t ' .  ~ - . .  
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*& "" :"WellS.should generally ' n o t  be in s t a l l ed  through . . .  ?$11. m a t e ~ i a l s , u n t i l .  
: ' . . a l t e r i a t e  methods of abtaining the desired information hi 

,.. ... - I .  . , . . . . . . .  . . 

. . .  .. 
. . . . . .  E-,?. - . .  . . .  ~. . 

. .  
. ., 

. .  
. ., 

-'! 

:: for, : the following. reasons: 
. .  '. , . .  

i 
v.;> .... . .  ~ ,. . ,  . 2:"'' . , . .  :.. . . . . . .  . . .  . . . . . .  . . . . .  ........ . -  ... : 1. Reactive materials could be united i n  the  w e l l ' b o r e  t o  produce 

;:.'.' : toxic .  gases,  explosions, f i r e s ,  .or other  potent ia l  hazai-ds. .:'. .:I. . '  : .... . :  
I .  . . .  . . : . . . . .  

. 
,. . . ' .*'move eas i ly  i n t o  the  underlying aquifer. 

, , , 2:' The borehole may c rea t e  a conduit through which po l lu tan ts  could 

. . .  
. .  

. ,  

... i . .  . .  . . .  . .  . .  

. 3 ' .  . .  3. Density s t r a t i f i c a t i o n  of leachate ,could produce ,,nonreprese& 

...... ... . . . . . . . . . . . . . .  ,' . . , . . , I  . . . .  . . .  

. .  . . . . .  " .  
. .  . . .  t a t i v e  samples. . .  

...... .. _. . . .  . . .  . . .  ... . .  . .  

. . .  
.. , 

. .  . .  . ,  

. . . . . . . . . .  :. .  . :-. ...;., The.purpose o f  sl;ch,'wells i s  usually t o  identi.fy ' the  waste copposition,. . ,  'i ... 

. . . . . . . .  '.: . . . .  . . . . .  . . . .  . f i l l  thickness;  and.nature of  underlying materials.  In many cases;  however, . .  . .  

0si.t composition can be learned from background information and 
ol lected from shallow, hand-augered. or  dug holes.. T i e  nature o f  

. . .  
. . .  .... . . . .  .- : ,..,:. underlying materials 'can be ident i f ied  from 'perimeter. borings. 

. .  .. , 
.. '.'. 

. . .  . . .  
. .  
. -  ., > . 

. . .  . . . .  .. . . . . . . . . .  . . .  . .* . . .  
. . .  . .C ... ". 

. . .  . . . . . .  .:: 
. .  
I. . , - .  . .  

. .  . .  , . .  ~ 

. .:.. 
. .  

% .  

;:Upgradient welJs ,are.  c r i t i . c a l >  fo r  -understanding . leachate  ef 'fects-on 

:,; . . - .  . >,..<;.. . . .  
.... . . . . . . . . .  r qual i ty  :...Judgment i s  "required ' in  pTacing thes2.,wells:for .moni.rori.ng . . .  

. . . . .  

., __ , ..- 

' .  . . .  . .  . . L  

... '- I:'' ' .leachate piume outward from'3ts -source'  into. the environment. 
.' 

Continuing 

i ., ' success. i n  tracking and locat ing the  plume is.more. probable w i t h  th i s  method. 
. .  

. . , .  
. .  

, .  . .  
. ,  

t '  Earth r e s i s t i v i t y  and $hallow. seismic surveys a re  f requant ly  suggested 
for Pref'iminar*, s i te"s tudies  aimed a t  locating 'leachate ':plumes and deter& 

I '  , _  ' i n g  bedrock d e p t h .  I n  each method; the  key ' to  success . i s , a  h i g h  cont ras t  
between features  ' o f  i n t e r e s t ' ( e , g . ,  .conductivit ies of plume and',background 
water and e l a s t i c  propert ies  .of bedrock znd overlying material j. 

2 . :_. ' .. I 
... '. ,. _ .  

i . I  
. .  

. . '  ':. 
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. If the  contrast  is minimal ,or  clouded by complex geology and man-induced 

should be thoroughly ju s t i f i ed .  Results should always be coniirmed w i ' t h  a " jl 

!' 

t c 8' ; interferences (buried metal objects) ,  then the  techniques may not be appl i -  
cable. Although these methods a re  val id  and sometimes helpful ,  t h e i r  use 

representative amount of bor ing  data;  without adequate confirmation,. th?  
~ . .  . .  

resu l t s  are considered suspect. . .  
. .  . . .  

'In a typical  groundwater pol lut ion.  investigation s e t t i n g ,  where the  
waste i s  underlain by unconsolidated a l luv ia l  materials w i t h  a f r e e  wate.r 
t ab le  above bedrock, locate  downgradient wells in an array t h a t  p a r a l l e l s  
the' f i l l  boundary. The f i r s t  l i n e  of monitoring locations might  be w i t h i n  . .  

,100 . to  300 f t  of the f i l l  [Figure 111. 
moving outward from the f i l l  e i t he r  on rays from the waste center  through;:  
the  f i r s t  l i n e  o f  borings or where permeable or contaminated areas  a r e  sus-. 
pected. Monitor ing locations i n  areas  near property l i nes  i s  preferred f o r  

The second l i n e  i s  located by 

. . .  

. .  
. . . .  documenting o f f s i t e  pol lutant  movement. . . ,  

.... ... ....... . . . . .  ............ .. ,,.., ir',., .;.,':, ,,,. !;,* , ;...:.*,*. : ..:.,.Ti ',,> ....I:1..........,... i 

Grid-s'tructured moni tor ing .  locations a re  generally n o t  recogmended ... .; 1 

. . . . . . . .  . . .  : * 3  . . . . . .  . .  . .  . .  
,...;. ..I.... ,: . .  

,,.. ;. . .  

because they a r s  u'sually n o t  cos t  e f fec t ive  and do aot apply the  p lanner ' s  . . . .  

Since leachate plumes a re  three  dimensional, t2ie.vertical placement o f  
the well screen' i s  a major pa r t  of t he  planning pracess. ' Knowing the  ver- 
t i c a l  posit ion of the plume is  important. Complex5Zy i s  introduced by the . .  

a b i l i t y  t o  i n t e r p r e t  s i t e  hydrogeology. . .  

I 

! 

I 
f a c t  t h a t  the plume may move ve r t i ca l ly  i n  responsit t o  seasonal o r  a r t i r i -  
cia1 (e.g., pumping) changes o f  one type or. another. 
nested wells a re  commonly in s t a l l ed  t o  loca te  the  pkme and, de tec t  ver t ica l ,  
movement over time. 

, . .  
. A  

. .  For these reasons; 
b 

... . .  . _.. . . . .  
. . . . .  i- . :  

. .  
. .  

. .  

. .  . .  : : 

. .  
. .  

Well nests are s ta te-of- the-ar t  f o r  monitoring networks because of b e  
I n  addition - to  . locati ,q the  ver t ica l  and areal  

. .  
information they can y ie ld .  
extent of the plume; head d is t r ibu t ions  and flow &%rections can be deter-  

c i a l i y  i f  important aquifers  a re  below the  site. Zrissdepth may'sometimes 

borings wi . th  water sampling a t  progressive 'depths. 

mined.. Generally,, the  nests. should define the  boEm of. the  plume, . . .  espe-. $ . . .  

, . '  

be inferTed from known hydrogeologic data or de tmfned  from pr?liminary 1 

i 
. .  

. .  . .  

. .  . .  
. :  , -  

. . .  , .  
. .  . ., 





. .  

From progressive-depth groundwater sampling, a "snapshot" of the  
plume's 'ver t ical  locat ion can be determined. Two of the' many procedures 
f o r  this method i n  unconsolidated mater ia ls  include: '1) driving a well ' 

point  through a hollow-stem auger w i t h  sampling a t  5 o r  10 f t  i n t e r v a l s ;  
and 2) col lec t ing  .a l iquots  of the  air /water /cut t ings mixture from a dual: 
tube reverse-air  ro ta ry  d r i l l i n g  r i g  [Appendix D]. Sample ana lys i s  i s  usu- 

1 a l l y  l imited t o  several parameters t h a t  a r e  ind ica t ive  of the .was te ,  mobile 
i n  the  subsurface,  and r e l a t ive ly  inexpensive t o  de tec t  ,(e.g.,, chlor ide ,  
su l f a t e ,  a rsen ic ,  e tc . ) .  Based on this  i n i t i a l  sampling, the depths of 
permanent wells a re  se lec ted  so t h a t  spec i f i c  horizons .or zones o f  t he  
plume wil l  be monitored. . .  

. .  . .  . .  

DESIGNING THE WELLS .' . . . .  

. .  
. .  

A generally accepted a l l - inc lus ive  design f o r  monitoring wells i s  not 9 

p.. avai lable;  however, many fac tors  a r e  bas ic  t o  most wells.. 
- fac tors  make a degree of standardjzatio 'n possible:  Many"of-the"engineSring' ' 

dimensjons, weight;; and res i s tance  t o  acid corrosion . .  a re  covered in con- 
s iderable  de t a i l  i n  o ther  publications and wi l l  -no t  be presented 
here.4-7.18.40.62 'Design fac tors  discussed here are: 

These common 
. 

" 

* 
design ,par t icu lars ,  such. as casing and screen 'material strengths, standard ' .  '. . ' . -* 

. . . .  
. .  . .  .: . .  

. . .  . .  . .  

... . . .  . .  ..:.; . . . .  . .  .. , .  
Well use 
Formation hydraulic cha rac t e r i s t i c s  
Screen s l o t  size and length 
Casing and screen diameter 
Casing and screen mater ia ls  

. . . .  . .  
, .  

. .  . .  
. .  . .  

. .  . . . . . . .  , , . *  - . . I _  .. . . . .  . . . .  

. . . .  I . Dri l l ing  methcds [Appendix D l  .. : :." . . . ' .  
. .  .... 

Although individual ly  discussed, sound. p rac t i ce  requires  t h a t  these 

s h o u l d  be i f i t t ea  w i t h  a secure o r '  locking cap t o  prevent tamperi,ng and mini- . 

mize vandal ism. 

...... fac tors  be cons'idered together.  Regardless' of .individual design, a1 1' we1 I s  

. . . .  - 
i 

.I 

. .  

.... 
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j .  P . .  , .. 

..,~ , . '  The mof t . . hdamen ta l  fac tor  i n  .any.:design .is t h e  projected use nf I ,...* : I 1 
I . ,  . , " . :  _ , , .  

..I . . .. the design, ' the need f o r  cos t ly  additional 'wells may be reduced , o r  elis.: 
Observation we11.s". are 'constructed fo r ' co? lec t ing ,wa te r  .sampl'es.-to ici 

.;. ,:.:. . and t rack t h e  leachace plume and/or fo r  measuring water I.evels f a r  deti-: 

. .  , . .  ' - 
. . . . . . . .  . . . .  

. .  % .  
. .  -1, >... : . ,  

. .  

. . . .  

. .  . ., 

. '  .Well Use 

..... 
~_..- 

. . 
, . '  

. . ,  . 6. 

. . . . .  

. .  

. . .  

I .  

I : x .' , .  

. ,  " .  . . , . :. .. . .  
.ketI'. If probable uses can be successful ly  defined and.accounted for  

. . . . .  . . .  . .  .. ' '. .ing.groundwater flow pa ths ,  and pressure. gradients.  ' "Production-type wC- 
. .  . . . . . .  . . I . ' : ,  .... c a n  also be used. foy':'these purposesj .bu t  t j ley'are designed primarily f 

j* ,~ . : .  . ' .  *_" , I conducting t e s t s  t o  estimate aquifer c 'haracterist ics* and perfirm p&<i 

. . .  . . .  ,;~.:, , - /' '; ; . :, .I ~ , . 

.. .. 
. _.I : 1 .,I 

'. 

. . . .  . . .  . , .... , . .  i 
i 

. . .  . . .  . .  . .  

. . . .  . .  

. .  . .  /... , . ., . .:. . . .  .-<. ..: 1 i i  I 

, , . L i  

. .  .. ., ..... . ,  . ..: . .  
. .  .:. . . ~ e a s u r e s  through in jec t ing  .purge water o r . ~ e c o v e r i n g  leachate.  . . . . . . .  . .  . .  
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Formati on Hvdraul i c Character is t ics  

For production-type we1 Is,  cha rac t e r i s t i c s  such as. depth-to-water, 
permeability, storage coef f ic ien ts ,  and the  primary way i n  which water is  
transmitted (through f rac tures  or  around grains)  can influence design, 

Some networks may be planned so t h a t  the  formation cha rac t e r i s t i c s  a re  
Forma- 

' t ional  sampling while d r i l l i n g  should be pa r t  of t h e  comprehensive i n s t a l -  
determined dur ing  a preliminary d r i l l i n g  phase o r  i n i t i a l  well Set.  

l a t ion  plan.. 

Scrcen S lo t  Size and Length 

' '  

Ideal ly ,  fo r  natural ly  developed wells (those without a gravel .pack) 
screen s l o t  s i ze s  a re  selected from sieve analysis  data f o r  the  t a r g e t  hor- 
' i t o n  o r  zone i n  t he  formation. A p l o t  o f  grain s i z e  vs cumulative percent 

. ' 

'. I 
. .  . . .  

. 

. . .  . . .  . .  . . . . . . .  . . . .  . .  . .  
.* .,. ;,-,:.:;,.. 

.. ;retained on the  sieves. ' . is made for '  study.' . ' "  . . .  
. . . i " . m  

.. . .  

. . .  . . .  . . . . . .  . .  . . .  . . . . . . .  . , ~ . :  ... i ... ."." . . . . . . .  :.: ' . . i : . . :  ' ' : . . . .  . .  . .  

. .  For. production-type wel ls ,  .samples f o r  grain-size analysis  . a r e ,no r -  . . .  

mally collected.  The samples represent the  depth interval  t o  be .occupied 

zone material. I n  conventional wat.er well design, t he  percentage range is 
40 t o  50.4.40' However, when la rger  slot  s i zes  a re  used, more formation 
material will  move i n t o  the well du r ing  development. I f  a l l  wate,r removed 

. . from the.wel1 is. t o  be t rea ted ,  considerable so l id s  may accumulate i n  the  
co l lec t ion  vessel o r  treatment system, which must a l so  be handled and d i s -  . . . . .  

posed.. 

by the screen. The slot '  s i z e  selected should re ta in '40%.  or more of t he  .. 

. ' ' 

. .  

I n  s i tua t ions  where production o r  in jec t ion  ' r a t e s  do n o t '  require  
;. /. ' > . '  ' 

I' : . optimum y ie ld ,  ,design f o r  the  smaller screen openings. ' ' . .  
. .  . .  . .  . . .  . .  , .  

L I f  the  .required s l o t  s i z e  i s  less t h a n  0.010 in.. (10 slot or 60 
gauze), a gravel pack should be considered,40 I In gravel-pac.ked we l l s ,  the 
space between the screen and borehole , i s  r i l l e d  w i t h  material ' coarser  than 
t h e  formation. 

. .  

. . . .  ... 

. . .  . .  . .: 
The principal functions I a re  to: 

, .  
. :  

t . '  
. .  

1. s t a b i l i z e  the iormation:and minimize pumping. of fines', . , 

2. 
3. increase the e f fec t ive  well diametes. 

permit use o i  tile l a rges t  possible  s t reen  s lo t , '  and . .  

. .  
. .  

. .  
r 

. . .  _ . .  ' .  . .  
. . .  

. .  

. . . .  '. . . .  . . 
. .  

. .  . . .  

. .  I 

. .  
. .  . .  
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smallest commercjal~y ava"able . 
. . ,'. wel l  casing. Submersible pumd requires a in. '-Submersible Pneumatic ,diaphragm pump; require a 2 in diamete!~ 
4 . . ,. . casing. If the casing .is too l:arge *.purge .volumes (and .costs) can,be.gx- . cessive 

,' es.pecia''y ' ' ' the purge water +,st treated o; contained, . ~ 
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Consequently, the 2 and 4 in. di.ameter ,casings are the most common for 
observation and small production wells. As a general.rule, i f  tile pumped 
water level i s  not expected to'fall below 20 f t ,  2 in. 'wells will probably 
be adequate.' For expected pumping levels below.20 ft, use 4 in. or larger 
casing. Consult ref- 
erences 4 and 4G for more specific information about casing strengths, col- 
lapse pressures, etc. 

1 
The screen and casing diameter are usually the same. 

. .  

Hybrid well designs with multiple sampling ports or screens have been. 
presented in recent literature due to current interest in groundwater moni- 
toring. Inherent problems with many of these designs include assuring a 
good seal between the sampling zones (both internal and external), obtain- 
ing a sufficient sample in a reasonable length of time, and the relative 
seriousness of even minor screen plugging (suggested total screep area in 
one design is less than 0:2 .in.*). The relative costs of well desi,gn, sam- 
ple collection, analytical work on water .samples and their bearing .on reme- 
dial measures .are ample. economic. reasons for not.cutting'.too many corners 

nomically or hydrogeologically)' installing hybrid wells. . However., the rec- 
ommended approach. for most sites is one well/screen per 'hole, using nests 
of wells i f  multiple depthmsampling i s  desirable. 

' "' .(.'. .' 

on.monitoring. . .  wells. Certain situations may clearly justify (either . .  eco- . . . .  

. .  

. .  
. 3  . .  . .  

> .  . .  . . . . . .  .. 
. . . . . .  . . . .  'I.. 

. .  . I  

. .  
. . . . . . .  . .  .., -1.- ... Casino and Sceeen Matwials , '  I 

I . 
... ... . .  . . . . . . .  

2 .  . . . .  . I.. , . 
. . ' Steel and PVC plastic are the .most widely used casing and screen ma- 

groundwater contaminated by organic .wastes. is controversial. 
advantages o f  PVC pipe are,its relatively low cost, light weight, and dura- 

1. terials for monitoring wells at HWSs. Presently, the use of PVC'pipe in ' . ' . .  
i i. 

l. 
bility i n  harsh chemical environments. .Gpponents'claim . .  that the p.ipe can t 

i 
i 

I 
The major . . : 

either' absorb/aasorb compounds from the water and render them undetectable 

groundwater quality'in either case. .. I 1. . .  or .contribute compounds t o  the water, resulting in an unclear picture o f  

. .  
. .  . .  

, 
. .  



;._ . . 

. . . . . . . . . . . . . .  

. . . . . .  . .  



, 



. . . . . . . .  . 
s : i ,;.. ' ,  

.. 
.. . ,  . . . .  

F 
. ' $  4 . , . . , .  :.. 

. . _ _  , .  , - : , ,.,, ! ': : . .  y: 

. . . .  

. .  s -. 

. ., . . .  

' . .  

. . . . . .  
t i t y ,  quant i ty ,  and concentration of 

. .  . ,  

. . . . . .  
'I ,. .:: .. 

. .  

, . .  .I/ . . .  
' 'i ' ' .  ' ' '. 

. /  

....... i's. suspected 'and the  material cannot 'appropriately 
ole  o r . a p p l i e d . t u . t h e  waste f i l l , . t h e  .foll:ouing pro. 

Contain: a l l 'ma te r i a l s  i n  55,gal .  drums or.tdnks a , '  

On' the drums, ind'icate the .material contained and borehole number; do no, 
..,:. mix,wastes. from d i f f e ren t  boreholes. a5. some uncontaminated wastes'may e&. 

. . . . . . .  , . X ' '  . . . .  . . . . . . . . .  . .  
': cedure .is recommended; 

... ': .. . .  s t o r e  them u n t i l  samples. from . the well or borin,g a re  chemica'lly. analyzed 

. . .  
. . . . .  . . .  j ' .  . ..".,up requiring expensive disposal. When the  samples a re  analyzed, determio,. . . . . . .  < 

.. j;. ~ . . . . . . .  ! .  1 '  

I . .  * .  . .  ' ', proper disposal '  methods.' Slow turnaround t imes .  i n  the 1aborato.r-y 'may 

! ' ,  I ) :  

... .., 
. . . . .  #::,';(and .probably will)  create  storage needs. If ons i te  storaga is no$ prac- 

. . . .  . . .  . . ,  

. . . .  
. .  - ' t i c .a l ,  t rans~port  the  waste.to a secure locatio,n.*: . '' . -, . 

. . . .  . . . .  . .  . .  . . . . . .  . . . . . . .  .. *.. ' . . . . . . . .  . .  
.... ... 

. .  
. .  

. .  :., 1 .  

.......... . . . . . . . . .  . . . . . . .  . . .  
I 
1 .  . .  
; .  .. ... 

. . :  

. .  Samplinq Dur inq  Drilling ., .. ' /  . . .' 

. .~ 
. I  

,_, .., . ,  .̂  ..' . .; . . .  
.I'i'. . , ?  

:. . ._:  . 
. i . . .  r ing 'welts-should. . .  be planned . .  . ,  ,+s :an"iri~~,rmedi.~te 'sta?c. .  j ..L . ...... 

gathering.:..,A . . . .  complete ' ,dri l l ing program t h a t  ' includes . .  formation . 

eceding weil ins ta l la t ion ;  provides; a.co5.t effect ive 
obtaining .def ini t ive . s i te '  specif ic  data on geology and .groundwater 

. .  . .  

. .  . . . . .  

.,.. . . .  ~. . . . j ( .  . .  . . . . . . . .  
be . i n s t a l l ed  a t  a l l  .boring .sites., 

. . . .  . . .  
. .  

. . . . .  > . . . . . . . . .  I . ?.-,, . . . . . . . .  
. .  ,. 

t h  formation and water samples should 'be. colTected. 
: 
i 

i 
I 

. .  
.......... . . . . . . . .  "depths when searching o u t  a leachate plume. The 'formation.samples:.a,re.~uS~d :i 

'to:.:$efine':stratigraphy, -hydrau?.i.c charac<eristi.cs ,' and . . .  ;e'ngineering ... . . .  ' + rope r  
t ies ( for  design o f  remedial 'measures). ,.. Chemical analysis' of .formation . . . . . .  ! 

. .  .......... 1 '  . . .  . .  
' :  b . . .  

. .  . .  
. . .  ,.'. . " . 

. . ,.. . . . . . .  
. . . .  .. ' . . 

. /  . . . . .  . . . . . . .  I '. * : > . .  
, _. . 

. :':? samp.?es- might be performed. t o  study attenuation ' capabi l i t i es , .  but'pl.ume 
' location is  bel;ter done with water samples because'they a re  e a s i e r  t o  ana- 

l yre  and pol lutant  detection limits a r e ' h c h   lower. . Also, water-  i s  the 
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. .  . .  . .  ' primary pol lutant  t ransport  medium. . .  
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' I  .i ' .  * In instances .of severe contamir.:tion, appropriate D e n a m e a t  o f  Trziis- 

portat ion (BOT) packaglnp and venfcle placarding may be necessary.  
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In bedrock formations, s t ra t igraphy can be defined from either cut- 
t i n g s  o r  core samples and geophysical methods. Core samples, r a t h e r  than 
cu t t ings ,  a r e  usually required f o r  hydraulic tes t ing .*  Commonly, rock 
cores a re  col lected using a hydraulic ro ta ry  r i g  [Appendix Dl and either a 
conventional o r  wireline diamond core d r i l l .  Wireline coring i s  usually 
the preferred method, i f  avai lable .  Water samples 'can be co l lec ted  from 
various horizons i n  a rock hole using a pump and packer assembly. 

" For unconsolidated formations, .core samples should be used t o  log s t r a -  , 

tigraphy and can be used t o  conduct hydraulic tes t ing .  Two general types 
of core samples can be co l lec ted  from unconsolidated formations, dis turbed 
and undisturbed. As a prac t ica l  matter,  both core types a r e  dis turbed t o  a 
grea te r  and l e s s e r  extent.  The d i s t i n c t i o n  i s  made here f o r  
both the co l lec t ion  method.and the types o f  t e s t s  t ha t  a r e  properly.con- 
ducted on each. 
[Table. 71. 

. .  

: 
All disturbed core tests can be r u n  on undisturbed samples 

. . .  . . . .  
. . .  . . .  .. .......... ._..,,.,. '.'. .. : . .  .' I. . .  

...... .... ........ ...... . . .  . . .  . . . .  . . . . . . .  . . . . .  . . . . .  
~., ; .: -,.<..., ?. <.. 

. . . . .  
. . . .  . . . . . . . . . . . . . . .  Table..,7 . . ' . :  . .  ,:,:.;;. .. < ' ' I . .  , .  

. .  
. . . . . . .  

. , ., .. 

. . .  

. .  
. .  , . .  , _ , .  . : . . 
APPROPRIATE ANALYSES FOR DISTURBED AND UNDISTURBED CORE SAMPLESIS . . . . .  . .  

Analysis Undisturbed Analysis. Disturbed 

Grain s i re  . . . .  X Permeability. . .  .,. x 
.. x 

X 
U n i t  weight  x Chemical anaTysis 
Consol idat ion X Speci f ic  grav i ty  
Tri axi a1 compression X Water content x 
Unconfined compression X Atterberg 1 imi ts  ,' x .  
Direct  shear x Shrinkage limits : , x  

. . Standard cempaction . .x ' 
. .  . ,  Vibrated densi ty  X 

.I . 

. . .  
Disturbed * samples a re  usually co l lec ted  w i t h  a thick-wal led  spl . i t -  

barreled core tube ca l l ed  a s p l i t  spoon. Although t'he sample is co,mpressed 
and somewhat deformed during en t ry  i n t o  the core tube,  the s t ra t igraphy i s  

. .  . .  

* If fmctm-es . are the pi-imarg avenues of yroundwater'movernent .in .Sed- 
rock, kgaraulic testing on core samp~is may provide neanlSgyless daw.. 

. . .  
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'Information on r e l a t i v e  . .  soi.1 ' s t rengtf i ,  which may be . 
g remedial. measures, can be dbtained . . . .  .during .disturbt 

standard penetration tes t . .  The t e s i  iomP.ri s+,..dri! 
dianieter s p l i t  spoon. w i t h  a 14O'lb,'haminer . . .  .freely 
ounts ' a re  recorded f a r  every 6 i,n. . o f .  . . . . . .  penetration. 

the  more r e s i s t a n t  the  s o i l  is.:. .: . . . . .  

a r e  usual ly col'l ected w i t h  a t h i  n-wall ed core ' ' t ub?  

...... 
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I . ,, :i., '. : about designing remedial measu,res. 

determine flow ra t e s  and d i r ec t ions ,  and ' they  can .yield much information . .  
. .  
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useful when relatively rapid water-level fluctuations occur, such as in ob- 
servation wells during pump tests. 
a digital system rather than a chart i s  desired, the unit can cost about $675. 
Most recorders  come with about 20 feet of line and an extra charge of $0.25 
per foot is charged for additional line: 

These recorders cost about $375.  If 

Garber and Koopman (1968) summarized methods of measuring water lev- 
els in deep wells. 
feet in wells requires spe'cial equipment. 
mal expansion of measuring tapes must be considered. 

Accurate measurement of water levels deeper than 1000 
Correction for stretch and ther- 

Wafer Sampling 

absent o r  much less effective in groundwater systems. A well can be con- 
sidered as a sampling point in a large body of slowly moving water, which 
differs in chemical composition vertically as well as areally. 
most techniqu'es for well sampling at discrete depths a r e  usable only in un- 
finished o r  nonoperating wells. 
quality of water tapped by a well is an  analysis of a pumped sample. 

Most of the physical factors which promote mixing in surface waters a r e  

Unfortunately, 

A more reliable means of evaluating the 

The volume of water that is generally collected for chemical analysis 
f rom individual widely scattered monitoring wells is relatively insignificant 
volumetrically. Therefore, either many more monitoring wells must be 
sunk o r  a smaller number of existing wells must be pumped at higher ra tes  
o r  more frequently to obtain representative values. 
grators  of complex systems of surface water, soil water, and groundwater. 
In some cases the integrated sample is of most importance because it rep- 
resents the water used, o r  likely to be used in the future. 
an  integrated sample is not of interest, but rather a sample f rom a specific 
depth zone. 
construction of special monitoring wells. 

Most wells are inte- 

In other cases, 

This requires either careful selection from existing wells o r  

Well Hydraulics 

by well construction, well development, and pump operation, and these 
should be 'considered in the sampling program. 
termine the depth of zones f rom which the water is coming and influence the 
local groundwater flow pattern. Perforations above the water table can per- 
mit cascading water, o r  direct movement of groundwater from' shallow 
perched layers  above the water table, to flow down the inside of the well to 
the water table. Drilling mud remaining f rom well construction can contain 
contaminants, as can well casing, seals, and pump parts. 

The composition of water obtained from a well is likely to be influenced 

Well construction can de- 

Well hydraulics can cause chemical changes in  the composition of a 
pumped sample. Fo r  example, pressure changes associated with velocity 

T 87 
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changes at the well inlet can cause changes in oxidation state, .pH, and tem- 
perature which, in turn, affect certain chemical constituents. Thus, a 
sample f rom the well discharge may differ significantly in. quality f rom 
groundwater in the aquifer. 
the discharge pipe, care  must be taken to ensure the chemical composition. 
of the sample is not altered. 

Time Changes in  Quality 

. .  
Also, in cases  where chemicals are added at 

. .  
a,: 

" .  

Quality changes in groundwater are usually much slower than those.in 
surface water. The composition of well samples from. a larg.e, relatively 
homogeneous aquifer usually will not change much. over long periods of time. 
Therefore, changes in  gr,oundwater quality can be described satisfactorily 
by monthly, seasonal, o r  annual sampling ,schedules. However, exceptions, 
usually occur in  cases of groundwater pollution. 

. .  

Just as water levels -in a well change drastically soon after a pump is 
This is particularly true turned on, so can the quality of p-ped water. 

where there is vertical stratification.of groundwater quality. 
t e r m  changes in some cases may be .linear with pumpfixg time, whereas.in 
other cases they may be exponential. In the case of high-yielding wells 
(greater than 500 gpm), several  days o r  weeks of pumping may be necessary 
to purge the well of atypical water due to local conditions.. These'local con- 
ditions could include poor quality, shallow water cascading down the well 
casing and accumulating in o r  near the well during nonpumping periods o r  
vertical leakage down a gravel pack to a deeper producing zone. . Often, 
field measurements.of water temperature and electrical conductivity at the 
well discharge as the wel l  is pumped can yield useful information on  short-. 
t e rm changes in  water quality.. 
should be given to a logarithmic frequency of sample collection, analogous 
to the.procedure for water-level measurements during a pump-test. 
t e r m  trends should be evaluated before adequate data are collected to de- 
termine long-term time trends .in groundwater .qualiDj-. 

Thes.e short- 

- 

For short-term testing, consideration 

Short- 

In the. early days of water-level measurement programs, weekly o r  
monthly measurements were made to discover seasonal fluctuations; else- 
where, semiannual .measurements, related to high and low water Ievels f o r  
a year,  were instituted. 
occur in the quality of.groundwater. 
be established in  the f i r s t  stages of the development of monitoring. programs. 
Specific locations'where seasonal changes a r e  likely to o c c ~ r  .include: 

In some a r e a s  significant seasonal fluctuations 
In these. a reas  seasonal trends must. 

1. Near large-volume point o r  line sources of recharge o r  
PO llution 

Near disposal sites for highly concentrated wastes 

>$ 

2. 
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TEST RESULTS: 

, .  

Reaqent 

1. 
' 2 .  

. 4. 
5. 
6. 
7. 

9. 
10. 
11 - 
12. 
1 3 . -  
14.  
15. 

- 
J. 

a .  

Deionized ;later. . 
10:; S u l f u r i c  Acid 
10:: Phospheric Acid 
10% Lactic Acid 
10% Sodium Hydroxide 
30% Sodium Hydroxide 
5% SodiuK Chloride. .  

Mineral S p i r i t s  

To1 uene' 
Xylene 
Unleaded Gasoiine 
Gzsohol 
JP-4 
Sky-Drol 

3ef i iSnk  

< 
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. .  
. .  

' ,  
. .  

s1 

- .~ ..: <..,,; . .  : + . .  . I10 P.fi=ect . : . .  

fla Affect  
. :!a Affect  

I!o Affect  
No . A f f e c t  . . . , 

No Affect 
Elo Affect  ' . -  . .  
l io  A f f e c t ,  
tlo Affect. . . . 

110 Affect  , ' 

Pi0 Affec t  
No Affec t  
tla Affec t  
El0 Affect  

.. . . .  
< - .  . .  
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. .  

.. . . . .  
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SLEETY DATA SKEET . .  

- ~ .. . .  ... ' 
: , _ _  . . . '*& S P l i C I A L  F I E  FIGHTING PROCEDURES : I 

UNUSUAL FIFE AND EXPLOSIG>l .HAZARDS : r. 

. -  Use self contained breathins apparatus * . - ,  I '. .. - 
"!; . .  

... . . No unusual hazards-This product should be handled as a.carzhusCib1e macerial ' 
. ' 

.. . . .  
~ ,. I __. 

SECTIGN V. REACTIVIT'i CATA ... 

~. . .. -.. 
. . .  . .  S T A B I L I T Y  rn,ST?&LE CONDITIONS TO AVOID 

. .  
. . :. ' I 

. .  
STABLE .. X 

INCO:+~'ATIBILITY (materials t o  avoid1 Strong oxidizing 2Senrs . . 

HRZARDOilS D E C O W O S I T I O N  PRODUCTS Carbon ntoncxide, carbon dioxide, rti trcgen oxides 
. .  

.I 

, I . ~.._ .. - . . . :. . 
. 3 . .  

. .  

- _ . .  

CO>IDITIOXS TO N O i 3  z 
P,asses of 1 I b .  o r  izcre: p l u s  m epoxy resin. 
causes irreversable ~oIymeriix.tiorr with 

MAZAPDO3S . MAY OZCUR 
POLYI+ERIZATIOLJ , . I_  

. , .  WILL NOT CCCU?. x 

... .~ ~ - 
The informat ion  and.reconendations contained herein are h e s e d  upon d+te believed to b e  
correct. H o w e v e r ,  ' n o  guarantee o r w a r r a n t y  of any kiF.6 expzessed'or Liplied is made with ! ' .  ' 
respect to the i n f o m a t i o n  contained herein.. _i 

. 
. . I  

. .  . -. 
. ~ .  . .  .. 

. .. . - .  . -. .. . .  
->_. . .  

. SECTION I 

XC TYP 1 PRpomulate$ anEne hardener . ' 
TRADE N I L !  GA 2'7P HARDENER 
CtiEb,UCAL 'cX4ILY . .  Amines 

._ 
. .  . . . , .  

r SECTION If. HZARDOUS I h ' G E D I Z X T S '  f 
. .. 

. . .: 
.. 

: 
: 

. .  

I . .  ' SECTION 111. PIiYSICFL DATA - I I I r 

I 1 
hDPEP.MCE AND ODOR : White Thixatropi liquid 

.i.. 

.. . .  

. .  
I.... 

I I - 
-I 

L T I N G U I S H I N G  KZDIA Carbon Dioxide. drv chemical, 'foam - .  
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- 
ORAL: 

DEKUiL: 

- .  ' .I 

4 

. .  I R R I T A T I O N  z . S K I N  .(rabbit) Mild 
. .  

(rabbit) Moderate .. . EYE . .  

. .  S E N S I T I Z A T I O N :  .Modcrate sensitize 

T€IR.ESHom LIMIT VALUE : '.None established 
. .  

. .  
L. . 

~. . .  

.. 

. . . -  . .  
" '. . .  . 

. ,. 

. .  
, t  
.. ~ . .  

. .  

.~ 

. .  
... . . .  . EMSRGENCY .S FIRST A I D  PXDCEDUPES: Call a physician 
. . .  . : 

INFALATION': Remove to frssh air. oxvaen and. artifica1 resoiration. if necessa 

. _ .  . . . .  

EFFECTS o m ~ ~ ~ s u ~ ' .  Primary irritat.ion .& .sensitizes,. headache. vert.igo 
nausea, vomitinq, fever, temporary jaundice, liver toxin 

I .. .. .. - I - - .  I ~~ 

I d  

. .  
I N G E S T I O N :  I f  conscious. give water or.rnilk. induce.vomitinq . .  

. .  
. : 

.. 

- ~ 
~. . .  - 

S K I N  : Remove contaminated,clothing. Wash with soap and water. 
EYES Flush with water f o r  at least 15 minutes . 

. .  . ,  

. . .  

. .  

SECTION V I I .  SPILL OR. L E X  PP.!XEDUFES 
S T E P S  TO B E  TLYEN ICN CASE VATZ$?L I S  =LEASED OR S P I L L E D  

e. . .  

e .  

, 

Remove a l l  sources of ignition, Absorb on conSustib1e material for p.roper. ' 
disposal. .Flush comtaminated areas with water. . 

WASTE D I S P 0 S . U  ,METHOD , . .  

SECTION V I I I .  SPECIAL PWI'ECTIO?! I?ZOX~'!TIO,N '. 
RE.SPIPATORY PRm.ECT ON ( S P E C I F Y  TYPE) P:-lubH approved respiratory proteFCibn 

~ u i p m e n t  as requtre 6. to prevent vapor over exposure 

0 . .  
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SIX MONTH DATA GENERATED ON GA 27P IN VARIOUS 

. .  . 
, .. . .  

. .  . - . -  
Tests Fuels :  

~ 

. .  =. a- a )  Bas'ic unleaded 

b) 4.58V% Methanol &- 4 .58~ l -  TEA g a s o l i n e  . .  

. .  . .  - .* 
c )  3.3VX Methznol 3. 7,65v"L TBA gesoline 

b lend  

. .  

_ -  ._ 
. .  

d) Water/ a lc /hydrocarbon bottoms mixture 
50V7 V 1-iethnnol, 2OWa Aromatics, 20VX 
TBA, .lo% water  - 

The saiqle coupons have been cont inuously iimer.se& 

. -  

. .  
. . 
. i n  sepa ra t e  con ta ine r s  o f  the FndiuiduaS tes t  fue ls  

a t  75'F. ._ 

Percent .weigh  g a i n  and barcoL har teners .  w e r e  
determined a f t e r  G months imers ion ' .  

These t e s t s  i n d i c a t e  t h a t  GA 27P i s  an accep tab le  
coa t ing  €o r  t h e  l i n i n g  of undeZgiaLqd s e r v i c e  s t a . t i on  
tanks  conta in ing  gaso l ine  .oxygenate blends con ta in ing  
Methanol f o r  . t h e  t e s t  f u e l s  above. 

' -  ' 

: 

- . .  

_ .  
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BRIDGEPORT C H E M I C A L  
. .  , .  

- ~ . . 
' ?LATERIAL  -. GA-27P  

Six '  MONTH D A T A  

Base 
. 'Unleaded 

Coupon 8 '1 . , . .  

Initial w t  (91' ' . 145.2010, 

' B 'Change' 0.01 . ' 

0 Six hfonths (9) - 145.1851 
.Weight Change (g] -0.0159 

Coupon s 2  

@ Six  Months (g) ' 

' Weight Change  ( g )  

3; Initial W t  (9) 

. % ' C h a n g e  

! Coupon ti 1 
Initial Thickness  ( in)  - 
0 Six  bionths ( in)  
Thick0es.s Change ( in )  
6 Change  

Coupon X 2 
Initial Thickness  ( i n )  
0 Six Months ( in)  

~ .Thickness c h a n g e  ( i n ]  
6 C h a n g e '  , . 

Coupon # 1 
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SIX MONTH D A T A  . ' 
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Unleaded 

Oxinol 50 Oxinol 

Coupon t: 1 
Initial Length (in) 
@ S i x  Months (in) . '  
Length Change ( in)  
B Change  

Coupon d 2  
Initial Length [in) 
0 Sir Months (in) . .. 

Length  Changa,  t i n )  
B C h a n g a  

c o u p o n  # 1 
934 
Init ial  Barcol. Hardness  
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934 ' 
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~. 
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toring industry has been geared to 
the Tohyo phenomenon: "small is- 
better.- A number of individuals i- 

have come up with a variety of+ 
equipmentand theknow-how toget y 
monitoring done eiiiciently with. ' .  
small diameter wells. 

On the other hand. a 2-inch 
diarneier well is almost useltss if-? 
aquifer characteristics. such  as '>1 

sired from the well. Well diameter :; 
must  fit both present and future ?$ 
needs. I.: 

tnnsmissivitporsionti~ity. are d e  -; 

- 
Thesecond factor in well design31 

Th 
... of int; An overview of this process. includina a discussion of how monitorhg wells operate 

. sitlr 
and  
elnF 
mer 
the, 
of fi 
n m  
a hi; 

aq': 
t i g ~  ~~~, 
a s r  

by John E. Voytek. Jr. 

Introduction 
Amonitoringwell isnotsimplya 

hole in theground with apipe stuck 
in it. Rather. it is a series ofevents 
and ideas that result in a system 
that allows reliable watersampies to 
be retrieved forthepurposeofmoni- 
toring or investigating the chemical 
quality ofground water.Analysis of 
\rater samples w i U  show any de- 
gradation ofwaterquality that may 
occur over time. whether from coal 
mining activities or refuse landfil- 
ling. A monitoring well that fails to 
meet any ofthese tests i s jus ta  hole 
in the ground. If a cornprehensive 
total monitoring"game plan" is not 
completely thought outbeforehand, 
many more wells may be instaOed 
than are actually needed. 

This paperprovides insight into 
the importance of planning in the 
design and opention of a monitor- 
ing well. Space does not permit a 
detalleddiscussion ofanyone phase 
oiweii design; rather, this paper is 
an overview of the entire process, a 
discussion of how monitoring wells 
operate and how they are typically 
designed for maximum efficiency. 

lvhy are ground-water monitor- 
ing systems installed? Besides the 
obiious governmental influences. 
the object of a monitoring well is to: 

Provideaccess toground water 
Determine which pollutants 

are present and in what concentm- 
tlons 

Determine the distribution of 
pollutants both areally and  ver- 
tically. 

A Series ofeven ts should precede 
the actual well-drilling process. 
Some of the aspects that must be 

and theiFdesign efficiencies. 

considered beforehand are: 
0 Well design 
* Well installation methodology 

Well development 
What kind of samples \ \4 l  be 

0 How samples will be taken 
0 How samples will be analj%ed 
* How to plan a system, for 

mavimum benefit from each doliar 
spent  

This discussion will be l i h t e d  to 
those' individual wells which are 
completed in unconsolidated sand 
and glavel aquifers. Wells of this 
m e  generally fall into hvo cate- 

taken 

_. - 
gories: 

1. Those that  a re  naturally 
developed 

2. Those that are sand-packed 
with a very specific pre-designed 
filter media adjacent to the well 
intake. 

When a well is designed. four 
integral parts of the well must be 
planned so the well meets present 
and future needs efficiently and 
economically. For example. i t  is use- 
less and wasteful to design an  all 
stainless steel well Ivhen the data 
required from the well are pH and 
iron. lifuture needs are 10 monitor 
for chromium content. thestainless 
steel well may become a problem 
d u e  to potential  leaching of 
chromium out ofthe sbinlesssteel. 
However, because of its resistance 
to corrosion. stainless steel may be 
considered under olher sprclfic 
conditions, such as monitoring for 
organic constituents. 

The four parts of the well to 
consider in well design are: 

*_.> .... :;s 
Pi- 

?* . )iZ 

+A: 
' .? 

<% 
..:g: 

1. Diameter. .. 
2. Total depth. .,: 
3. The type of intake structure; 

he.. screen or pefiorated casinglr* 
that \\ill be used. and 

4. m e  bQe of casing materid:. 
that is needed. 

..- 

. xi 
_I 

desigr 
picks 
ucts 
dtsig 
come( 
free a 
kields 

T t  
used 
the fc 

steel. 
. 
e In determining\vell 

folloving paranielerj must be con- 
sidered: 

volume Design for minimal 0 

.< Installation method 
The types ofsampling devices-. 

to be used. 
Installinga largercasing thanis .: 

nec- results in larger \vater:+ 
storage volume within the weU3 

Difficultyin construction f; . Higher construction costs . 
Doubledrilling-one togalher $ 

detached soil information and onez 
to insrsll the well ~? 

which may lead to: ; 

Ir. 
tiont 
mctt. 
deter 
are: 

0 

i 

the Y . 
0 

0 
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.cmining well depth ape: 
__I thewell tobedepthdiscrete- 

fi . o &e' specific layers with a soil 
i: horizon to be monitored? ) e hetheconlaminantsmiscible 

ess dense than water or are 
lore dense than water? 

\\tll.designed monitoring well 
illcludes n good intake device. The 
\vel1 intake must have sufficient 
open area: 

D To aliow for water production 

0 To allow for good hydraulic 

To be developed properly to 
allow water to enter the well witliou t 
also caming  sand into the well. 

The latter maybe acombination i of intake devjce design. sand pack 
design and well development Sand 
packs are specially-designed prod- 
u c t ~  for a particular aquifer: if 
designed properly and installed i COLTeCtly. they will result in sand- - freeand silt-freewvaterat maximum 1 yields. ' The type of casing that \\ill  be 1 used in the well can be chosen by 

1 0 The material (steel. stainless 

r \,ill it have a depth range? 

+ and formation access 
2 $ conductivity with the aquifer 

the following: 

the intake openingsso that particles 
of finer aquifer material can be re- 
movtd irom thrwell .Anintake\~~th 
a high open area facili tates thedevel- 
rrvnent process by allowing more ar hesurgeblockisntool that  f i t s  
tightly into the Casing of the \rteil. 

iler contact 

i steei. PVC. Tenon. etc.) 
~ 9 The maeoffield ioints that \vi511 

sed (threaded -and coupled. 
joint  threads. glued orwelded) 
The drilling method 

0 The casing preparation. I In addition to the doremen- 
f tioned factors, the best drilling 

method lor the design must also be  
i determined. The criteria to include 

are: [ TIG type offormation 
f * The depth ofdrilling 
1 The depth of the screen below 

L:pi.l L I l C  , * ; > I ,  . , . , . . I  !',j,.\,.2AL.*;.,.l 

out of the s c r u x .  C ; I ~  fyi:g nith it 
smaller sand- or silt-sized particles. 

Airsurginglssimplya methcdof 
pumping the well with using com- 
pressed air,To be eKecti\p. airsurg- 
ing needs at  least 30 percent sub- 
mergence plus a well that yields a 
significant volumc.of water so that 
recovery times are minimal. 

Development is extremely im- 
portant. It creates a zone of high 
pemeabili ty around the w l l .  stabil- 
izes the fonnation and cleans the 
fine particles out of the well. A well> 
that does not yield much water.;' - 
cannot be cCTc.ctivelydevelojied. even 
i f  the well has a large diameter. 

Summary 
It is clear from the preceding^ 

discussion that a properly designed 
and effective inonitoring well is a 
complex structure which requires a 
great deal or planning. Some wells 
silt up over time. others leak or 
connect two different aquifers and 
many don'tjield enough waterlo be 
useful in the sampling process. 
Many olthese problemscan beover- 
come by using good design tech- 
niques and quality equipment. 
Water nell technoioa has been 
around for many years and has 
proven verysuccesslul in obtaining 
water from aquifers. hloni toring well 
technoiogv isnot new.but ratheran 
extension and  modification of ' 
lino\vledge that already exists. Each 
well i s  different and  each s i te  
presenls new challenges. 

i 
I u 

~ 

.. .. 
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i 

Arthur W. Warrick and Azizolah Arnoozegar-Fard 

This investigation was undertaken 
t o  develop procedures for evaluating 
distribution of water and salt fluxes 
over land areas. Relevantapplications 
include numerical simulations and 
sampling in fieldsof largearealextent. 
The primary focus is on irrigated lands 
including effects of salinization and 
crops on t h e  ground and surface 
waters. The study was in three parts: 
1) observations of distributions for a 
variety of soil physical parametersand 
inference on sampling; 2 )  simulations 
of water and salt fluxes for nondeter- 
ministic systems; and 3) a sensitivity 
analysis for drainage. The major em- 
phasis was placed on Part 2. 
. Simulations of water and salt fluxes 

were made using the "crude" Monte 
Carlo technique. For infiltration, "Phil- 
ip's'' equation was utilized in a scaled 
form by solving one time. Individual 
simulations were made algebraically 
without repeating the laborious steps 
of resolving the unsaturated moisture 
f low equation each time. Similarly, 
results for the nonlinear drainagecase 
were solved basad on only one finite 
difference determination. The Monte 
Carlo simulation was carried out by 
simple interpolation f rom the one 
nonlinear solution. Unfortunately, no 
great short-cut was found Por cyclic or 
seasonal irrigation regimes, although 
some interesting results based o n  
linearized solutions wera found for 
high frequency water applications. 

Salt distribuiions were calculated 
for cases of equal irrigation amounts 

over time but with intake retevarying 
over space'. Deterministic calculations 
based on the mean velocity and appar-, 
ent diffusion coefficient gave errone- 
ous results comparad to the"average" 
values over the field for  both salt 
profiles or fluxes. The true "average" 
by depth for a giventimeismuchmore 
dispersed. wi th more salts reaching 
very deep depths and also with more 
salts remaining close t o  the surface 
when pulses of salt are added. Simi- 
larly, the mass emission of salts aver- 
aged over a field for a given depth 
appaar earlier in time and taper of f  
more gradually for a pulse input than 
deterministic calculations based on 
mean velocities would itldicate. 

This Project SurnmBre was.dprS&'-i-' 
oped by EPAs Roberts. KerrEnv.-oh- I 
menta l  Research Laboratory, Ada,' ..:. 
OK, to announce key findings of the 
research project that i s  fully docu- 
mented in a separate report of the 
same title (see ProjectRapori ordering 
information ai back). 

Introduction 
This two-year study dealt with areal 

predictions of water and solute fluxes 
within the soil profile. The project was 
designed to develop methods toaccount 
quantitatively for the inherent variability 
of soils over a region - such as an  
irrigated field or larger.Twovery impor- 
tant observations should be made in 
terms of trends of current research and 
awareness since the inception of this 
project: (1 )there hasbeen a tremendous 



increase of interest in variability of soil 
properties; and (2) there has been a n  
equally impressive increase of interest 
among hydrologists and soil scientists 
with regard to geostatistical techniques 
which were largely ignored until recently. 

Soil scientists (and farmers) have 
always recognized that soils are hetero- 
geneous. The approach to the problem 
has necessarily been almost universally 
deterministic in nature. The procedure 
has generallpbeen to sample, average 
the samples, and use the results to 
make calculations. For example, if a 
mass flux of salts is needed, the land 
area is multiplied by the "average" 
profile results to get total emissions. 
That such an approach may not give the 
right .answe.r i s  stated in  elementary 
works on stochastic processes (e.g. 
Hammersly and Handscomb, 1964, p. 
13) and is demonstrated in the case of 
mean water flux byWarricketaL(l977b) 
and in results from this project. In some 
cases, a choice other than the arithmetic 
mean may be appropriate; in other 
cases, no "average" value may be 
satisfactory to obtain an overall response 
or integrated estimate. Efforts to ade- 
quately assess confidence of results 
have been generally lacking. 

The techniques within this projectare 
somewhat intermediate between the 
determinisiic and the geostatistical 
methods. Ramifications of.spatial varia- 
bility are pursued in terms of water and 
salt fluxes, primarily by Monte Carlo 
simulations. It is hoped that sampling 
and confidence intervals can be obtained 
more efficiently in the future, by taking 
advantage of what is known of the 
spatial structure and by using geostatis- 
tical techniques (Journel and Huijbregts, 
1978). 

These problems of area distribution 
and predictions encompass all aspects 
.$earth sciences. An immediate and 
obvious connection between soil physi- 
cal properties and soil maps exists and 
suggests mutual benefits for  close 
cooperation between classifiers and the 
soil physicists. Not only is this true for 
soil physical measurement, but also for 
other soil properties, e.g., fertility level, 
chemical activity and distributions of 
biomass and microbes. 

a 

. -  

i 
.. 

Conclusions 
Observed variationsof soil parameters 

in the literature were reasonably con- 
sistent when more than one sourcewas 
found. Generally these parameters can 
be grouped into three classes: a 2 

1. Low variability - (Coefficient of 
variation less than 20%) 

Bulk density.( 
Water content at  a zero tension 

2. Medium variability- (Coefficient of 
variation 20.75%) 

Textures (sand, silt or clay) 
Fieid water content 
Water content at  specified tension 

3. High variability - (Coefficient of 
between 0.1-15 bars 

variation greater than 100%) 
Saturated hydraulic conductivity 
Unsaturated hydraulic conductivity 
Apparent diffusion coefficient 
Pore water velocity 
Electrical conductivity of extract 
Scaling coefficients. 

Sample numbers may be estimated 
assuming independence and that the 
central limit theorem applies, by 

N = tO2sZ/d' 
where N is the number of samples,t,is 
the "Student's t" with n-1 degrees of 
freedom at a probability level of a, s is  
the standard deviation of the mean, and 
d is a specified limit. Table 1 shows an 
analysis of the number of samples 
required to estimate the mean values of 

selected soil properties within 10 per- 
cent at the 0.05 significance level. 

Scaling techniques offer distinct 
advantages i n  terms of economy of 
calculation and i n  synthesizing large 
volumes of data. Figure 1 demonstrates 
the results of scaling the hydraulic head 
values.far 840 data points.The scaling 
(based. on the.assumption that the 
internal geometry for similar media 
differs only by the characteristics size) 
process coalesces the data points into a 
curvilinearfunction as shown in Figure 
1, A.& 6. In this particular data s e t  the 
sum of squares of the.scaled data was 
reduced by 80 percent over the same 
form of equation for the non-scaled 
data. 

Solute movement is a function of soil 
water flux and apparent diffusion coef- 
ficient. Useof the deterministicvalue of 
these parameterscan result in erroneous 
estimates of solute concentration and 
movement when the pore-watervelocity 
and apparent diffusion are highly vari- 
able. Figures24 and 2Bshowthesolute 
concentrations. wjth'  depth. after five 
days using a deterministic approach 
compared to the mean values for step 

Tabla 1. Summary of Approximate Number of Samples Required to Estimate 
Mean Values Within 10% at 0.05 Significant Level (After 
GUMAA, 1978) 

Soil Depth, cm 
Parameters Field 30 . 60 90 120 150 

Low Variation 
Bulk density 

Medium Variation 
In situ field 
capacity 

In situ available 
water capacity 

15 bars 

% clay 

% silt 

% sand 

Hiah Variation 

1 
2 
3 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

1 
1 
1 

10 
12 
10 
21 
55 
47 
20 
25 
23 
25 
28 
20 
20 
f6 
8 
15 
19 
1 

1 
1 
1 

28 
23 
9 
43 
36 
31 
55 
78 
19 

- 49 
91 
18 
57 
61 
20 
28 
16 

1 

t 1 
1 1 
1 I 

24 47 
67 49 
15 10 
35 55 
110 78 
33 30 
33 57 
68 57 
31 35 
33 51 
104 35 
24 36 
66 122 
88 83 
47 28 
13 27 
21 23 
3 2 

I 
1 
1 

2 
75 
24 
46 
116 
45 
47 
125 
30 
47 
110 
.36 
71 
104 
40 
43 
47 
3 

I 

sat 1 110 150 362 635 155 
2 119 49 155 102 560 

K 
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Figure 2, Salt cancentration with 
depth far a ''step inpuy 
(A) and a "pulse input', 
(E] after 5 days. 

and pulse inputs. The true means were 
evaluated using the Monte Carlo simu- 
lations in which an average of2000 salt 
profiles is.calculated for each case. For 
both step and pulse inputs, the solute 
concentration at  larger depth is greater 
fo'r the mean values than the determi- 
nistic solution. The depth at which c/c, 
= 0.5 is about. 220 cm for the determi- 
nisticand 110cmforthemeanvaluefor 
step input, a consequence of averaging 
in some.ofthehighvelocitysites.Forthe 
pulse input,,the maximum concentration 
for.the mean value is closer to the soil 
surface although it is less than the 
deterministic value. In fact, there is no 
single value of pore-water velocity that 
could give the shape of the truemean 
for this example. 

Recommendations 
The variability in data of soil peram- 

eters should always be included in 
addition to  mean values when reporting 
environmental data, Information regard- 
ing the frequency distribution and/or 
the spatial distributions of the data 
should be included. 

Sensitivity analysis should be con- 
ducted'to evaluate the behavior of de- 
pendent variables in relation tochanges 
in the independent variable. Relative 
sensitivity is more meaningful when the. 
range of  variability is masked by the 
numerical magnitude of the parameter. 

Techniques such..as geostatistics 
should be examined:in soil science to 
provide basic descriptions of soil physi- 
cal properties and for integrating over 
large land areas. 
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source-specific monitoring programs was proposed by Todd e t  al .  (1976). 
. approach includes an evaluation of potential  pollutants a t  each source loca- 

t ion,  considers the mobility of pollutants i n  the s i te -spec i f ic  hydrologic 
regimen, and examines the potential impact of pollutants on current groundwa- 
t e r  uses. Everett et  a l .  (1976) presented a rev.iew. of specif ic  techniques and 
costs for  establishing comprehensive monitoring networks. Similarly,, Fenn e t  
a l .  (1977) prepared a procedures manual t o  aid i n  designing monitoring systems 
a t  sql id  waste disposal' f a c i l i t i e s .  

IMPORTANCE OF SOURCE MONITORING AN0 YONITORING IN THE VADOSE 
ZONE: WHEN SHOULD VADOSE ZONE MONITORING BE DISCOUNTED? 

disposal s i te .  I t  i s  well known tha t  when groundwater underlying such a dis- 
posal s i t e  begins t o  manifest pollution by qual i ty  changes i n  pumped water, 
the aquifer may have already become badly contaminated.' Monitoring the qual- 
i t y  of wastes entering and w i t h i n  a disposal s i t e  (i.e.,  source monitoring), 
coupled w i t h  monitoring in  the vadose zone, 0ffer.s an "ear ly  warning" .or 

Remedial measures may be implemented prior t o  the on- 
s e t  of severe pollution and the associated renovation costs will be eliminated 
or-reduced. As an'example, Wilson and Schmidt (1979) presented a case study 
entail ing the monitoring of cascading water ' i n  an abandoned i r r iga t ion  well ' . 

s.1 near a f i e l d  i r r igated with sewage effl 'uent. Groundwater from a nearby pump: 
i n g  well was also monitored. Analysis of cascading water samples showed t h a t  
water of very poor qua l i ty  was i n  t r a n s i t  through'the .vadose zone; Further- 
more, the qual i ty  of cascading water was markedly poorer t h a n  t h a t  of pumped 

The i m p o r t a n t  feature  of this case study i s  tha t  if only pumped 
groundwater had been used t o  monitor return flow, i t  would have.been errone- 

In addition t o  providing an.ear ly  warning of pollutant movement in 
groundwater, vadose zone monitoring may reduce the need f o r  and costs  of 

. . . groundwater monitoring. In other words, i f - a  vadose zone monitoring program 
f a i l s  t o  detect the movement of. pollutants,  . t he  requirements f o r  groundwater 
monitoring may be reduced or largely precluded. T h e  savings i n  costs  . for  .: 

I t  is not our intention t o  proclaim vadose zone monitoring'as a panacea 

T h i s  

0 

Figure 1 shows the hypothetical flow paths .of a pollutant beneath a waste 

Y ." 
.'$. 

! groundwater pollution. .^. - 

> *  

'. groundwater. 

6 ously concluded tha t  no pollution was occurring. . .  

constructing moni tor ing  we1 1 s could be si gnif icant.  ' . I '  

for  a l l  hydrogeologiral conditions and f o r  a l l  waste disposal operations. The 
' need for and extent of such moni'toring should be . t a i lo red  t o  s i te -spec i f ic  
conditions. For example, if the  water t ab le  a t .  a given s i te  i s  . r e l a t ive ly  
shallow, say within 10 f e e t  of t he  land surface, vadose zone monitor.i'ng may be 
minimal.. Similarly; if the vadose zone consists of fractured media; flow oc- 
curs primarily .in channels and t h e  ameliorating fnteractions of the vadose 
zone and water-borne pollutants may be minimal. Monitoring a c t i v i t i e s  for 
. these two cases could be r e s t r i c t ed  t o  source monitoring and .groundwater'mon- 
i t o r ing .  Instal la t ion of in-source monitoring f a c i l i t i e s ,  including vadose 
z.one units, may not be recommended for:certain sources, such.'as l andf i l l s .  
The rat ionale  was. presented i n  the proposed guide1,ines f o r  landfi'l'l disposal 
of so l id  .waste ( U i S .  EPA, 1979b): ' ."In no case'should groundwater or leachate 

.monitoring wells b,e instal1ed'th.rough the bottom of. the landf i l l  proper since 
such instal1'ati.on could r e su l t  .%n .creat ion,  of a co.ndui t  f o r  t h e  d i rec t  passage 
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I EASE OF A Q U I F E R 1  

Figure 1. Schematic representation of .the flow paths of a pol lutant  
from a surface source (after Schmidt, 1977). 

. .  . .  

of landfi l l  1each.ate i n to  underlyi-ng groundwater." 
sary t o  e i ther  i n s t a l l  monitorlng f a c i l i t i e s  around the periphery of the land- 
f i l l s  or use angle-dril l ing methods t o  i n s t a l l  such f a c . i l i t i e s  below.the base 
of t h e  '1 owermost ce l l  s. 

OBJECTIVE OF .MONITORING IN. THE VADOSE ZONE 

characterize three properties: . (1) storage properties, (2) f l o w  ra tes ,  and 
( 3 )  spat ia l  and temporal changes i n  pollutants.  St.orage properti,es. are im- 
portant in  tha t  pollutants are placed in.temporary storage within the 'vo id  
space of the vadose zone prior t o  movement in to  groundwater. ' I n  s.ome cases, 
such as in  western valleys, the storage space may be su f f i c i en t  t o  preclude 
movement i n t o  productive aquifers. In  f a c t ,  Winograd (1974) .suggested using 
the vadose zone for  .the storage of .low-grade radioactive wastes. .Man? (19.76) 
recommended using the storage space of -the vadose.zone i n , a r i d  re,gions t o  
augment the above-ground stora'ge.of ta i l ings  ponds.  Wilson, Osbarne;.and 

3 '  I .' 

T h u s ,  i t  would be neces- 

The basic objective of a monitoring .program i n  the vadose zone i s  'to 
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(1968) showed tha t  by locating a disposal pond f o r  blowdown ,effluent 
near an ephemeral stream, periodic recharge events di luted the eff luent  s tored  
. i n  the vadose zone. 

flowing t h r o u g h  a u n i t  area per u n i t  time) may indicate  t he  macroscopic veloc- 
, i ty  o f  water i n  the vadose zone. Thus, i f  a piston flow model i s  assumed, the 
arrival time of pollutants a t  t he  water t ab le  may be determined from estimates 
of, f lux and the thickness of the vadose zone. (As will be shown l a t e r ,  a more 
r e a l i s t i c  estimate of par t ic le  velocity i s  the aver.age linear velocity,  which 
accounts for  variations i n  the cross-sectional areas of the flow path and de- 
gree of saturat ion.)  

Pollutants may n o t  necessarily t ravel  a t  the same r a t e  as water because 
of attenuation i n  the vadose zone. 
represents an upper l imi t  on the mobility of pollutants.  ( A  few pollutants 
may move a t  a higher r a t e  than water because of physical and chemical proper- 
t i e s .  For example, based on differences in  viscosity., the  velocity of gas- 
ol ine should. be about 1.5 times ' that  of water (Schwille, 1967).)  In 
considering r a t e ,  i t  i s  important t o  quantify both the i n f i l t r a t i o n  r a t e  a t  
the  ground surface and the percolation r a t e  through the vadose zone. 
"Recharge" re fers  t o  t he  movement of water and pollutants across the water 
table. 

Information on the t h i r d  element, changes i n  po1,lutants dur ing  t r a n s i t  
within the vadose zone, is  needed t o  quantify the mobility and spa t ia l  dis-  

'.' t r i b u t i o n  of '  specif ic  pollutants.  ' The vadose 'zone may attenuate cer ta in  pol- 
lutants  t o  t h e  point t h a t  they could be excluded as pollution sources. For 
example, Runnells (1976) demonstrated t h a t  so i l  from Sulfur Spring, New Mex- 
ico,' has an enormous capacity t o  remove copper frbm mill water. 
tional observation tha t  copper removal. was i r revers ib le  .indicated tha t  
thousands o f  years would be required ,before groundwater (located a t  about 100 
feet*) a t  the s i t e  would be affected. 

PURPOSE OF .THE REPORT 

Information on the f l u x  of water ( f lux  re fers  t o  the quantity of water 

Consequently, the travel -time of water 

, ' 

The addi-. 

. .  

P.resent day moni.toring i n  the vadose zone e n t a i l s  using a mix-of methods 
developed by so i l  s c i e n t i s t s  and hydrogeologists. 
zone monitoring requires an in te rd isc ip l inary  approach. Unfortunately, many 
of ,those charged wi.th designing, implementing, and regulating monitoring op- 
erations lack the necessary multidtsciplinary s k i l l s  and, i n  f a c t ,  may not 
even be aware t h a t  an in te rd isc ip l inary  approach i s  required. . . 

ples and techniques of vadose.zone monitoring. 

As a consequence, vadose 

The purpose of this report  i s  t o  provide an introduction.to the princi- 
In the next section, . a  review 

*See Appendix A for  conversion t o  metric units. English units are used i n  
t h i s  report  because of t h e i r  current7y.common usage in  industry and 
hydrology-re1 ated sciences. 
(e.g.l laboratory analyses), the .English units are included parenthetically.  

I n  .cases where metric units are more appropri.ate 
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of general features  of the  vadose zone i s  presented t o  s e t  the stage for sub- 
sequent chapters. The t h i r d  section reviews preliminary approaches t o  a va- 
dose zone monitoring program. 
elements and s t a t e  of the a r t  i n  present monitoring techniques i n  each of t he  
three categories: storage properties i n  the vadose zone, flow properties in 
the vadose zone, and pollutant mobility i n  the vadose zone. The technicai 
review i n  each of these sections i s  intended t o  provide the reader w i t h  a ba- 
s i c  introduction t o  t he  theories  governing t h e  select ion of spec i f ic  methods 
and t o  review associated laboratory procedures. The reader who is n o t  in ter-  
ested i n  such background information should pass d i rec t ly  t o  the  review of 

' 

Subsequent sections review the technical 

' f i e l d  methods. 

To f a c i l i t a t e  comparison of the a1 ternat ive techniques available f o r  
spec i f ic  functions,  advantages and disadvantages have been presented whenever 
possible. 
precise values for the  techniques described i n  this report. Instead, the 
reader i s  referred t o  a report  by Everett e t  a l .  (1976) which  reviews proce- 
dures for estimating the costs  f o r  many of the techniques under a range of 
hydrogeol ogical conditions. 

Regarding costs ,  the present r a t e  of i n f l a t i o n  precludes quoting 
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SECTION 2 

, GENERAL FEATURES OF VADOSE ZONES t : 

The geological prof i le  extending from ground surface t o  the upper surface 
the principal water-bearing formation is cal led the vadose zone. 
nted o u t  by Bouwer (1978), the term "vadose zone" i s  preferable t o  the 

As 
, 

often-used term "unsaturated zone" because saturated regions are  frequently 
present i n  some vadose zones. 
as a synonym for vadose zone. 

The term "zone of aeration" i s  also often used 

I 
i .  

of 
po i 

Davis and dewiest (1966) subdivided the vadose zone in to  three regions,' 
designated as the soil zone, the intermediate vadose zone, and the capi l la ry  
fringe.  The surface so i l  zone i s  generally recognized as that  region which 
manifests the effects  of weathering of. native geological material ,  together 
with the processes of elluviation and i l luv ia t ion  of col'loidal materials,  t o  
develop more or less well-developed prof i les  (Simonson, 1957). The ,moveinent 
of water ' in the soi l  zone occurs mainly in  the unsaturated.s ta te ,  i .e.,  t ha t  
s t a t e  i n  which the so i l  water ex is t s  under pressures less  than atmospheric. 
The principal transport mechanisms associated w i t h  unsaturated flow are i n -  
f i l t r a t i o n ,  percolation, redis t r ibut ion,  and evaporation (Klute, 1969). In 
some s o i l s ,  primarily those containing horizons of low permeability, saturated 
regions may, develop during surface flooding, creating shallow perched water 
tables. 

The physics o f  ,unsaturated soil-water movement has been intensi,vely 
studied by so i l  physicists,  agricultural  engineers, and microclimatologists. 
In f ac t ,  a co,pious mount of l i t e r a t u r e  i s  available on the subject in  peri- 
odicals (Journal of t he  Soi l  Science Society of America, Soil  Sc'ience) and 
books (Childs, 1969; Kirkham and Powers, 1972; Hillel, 1971). 
number of published references are -available on the theory of f low i n  perched 
water tables  ( L u t h i n ,  1957; van Schilfgaarde, 1970). 
niicrobiologists have also attempted t o  quantify chemical-microbiological . 
transformations dur ing  soil-water movement (Bohn ,  McNeal, and O'Connor, 1979; 
Rhoades and Bernstein, 1971; D u n l a p .  and McNabb, 1973). 

Weathered materials of the so i l  zone may gradually merge'with underlying 
deposits, which are generally unweathered, comprising the intermediate vadose 
zone. In some regions, this zone may be practical.ly nonexistent, t he  s o i l  
zone merging d i rec t ly  w i t h  bed rock.. In .alluvial deposits of western valleys, 
however, t h i s  zone may be hundreds of .feet thick. Figure 2 shows 'a geo.logic 
cross. section th rough  a vadose. zone in an a l h v i a l  basin I n  California; BY 
the  nature of the processes by whi.ch such a l luv im i s  l a id  down, .this zone i s  
unlikely t o  be uni.form throughout, b u t  may contain mic.ro- o'r,macrolenses of 

. 

Similarly, a 

Soil 'chemists and so i l  
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Figure 2. Cross section through'the vadose 'zone and groundwater 
zone ( a f t e r  Ayers and Branson, 1973). 

0' 
s i l t s  and clays interbedding w i t h  gravels and clays., Water i n  the intermedi- 
a te  vadose zone may exist primarily i n  t h e  unsaturated s t a t e ,  and i n  those 
regions receiving l i t t l e  inflow from above, flow veloci t ies  may be negltgible.  
However, pwched ,groundwater may develop i n  t he  interfacia! deposits of re- 
gions containing varying textures.  Such 'perching layers may ,be hydrauli.cally 
connected t o  ephemeral or perenni a1 s t rean channels so tha t ,  respectively,  
temporary or permanent perched water tab les  may develop. Alternatively, s a t -  
urated conditions may develop as a result of deep percolation of water from 
the soi l  zone d u r i n g  prolonged surface application of water. Studies by . . 

McWhorter and Brookman (1972) and Wilson (1971) 'have -shown tha t  perching lay- 
ers that  intercept downward-moving water'-may transmit the .water l a t e r a l l y  a t  
substantial  rates.  Thus,  these layers Serve as underground spreading regions 
transmitting water l a t e r a l l y  away from the overlying s'ource area. Eventually, 
water leaks downward from these layers and may intercept .  a. substantial  area 
of the water table: Because O F  dilution and mixing below the water tab le ,  the 
effects of rechar.ge may not be noticeable unt'l'l a large volume of the aquifer 
has been affected. 

In contrast  t o  t he . l a rge  number of theoretical  studies .on water movement 
in  the soil zone, paral le l  studies i n  the intermediate zone have been minimal. 
I n  f ac t ,  Meinzer (1942) coined the  term "no-man's land of hydrology". t o  de- 
scribe the  limited knowledge of this zone. "Reasoning from Darcy's equation; 
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Hall (1955) developed a number of equations t o  characterize mound (perched 
groundwater) development i n  t he  intermediate zone. Hall also discussed the 
hydraulic energy relat ionships  dur ing  l a t e ra l  flow i n  perched groundwater. 
More recently,  Freeze (1969) a t tmpted  t o  describe the continum of flow be- 
tween the so i l  surface and underlying saturated water bodies. 

The base of the vadose zone, the capi l la ry  fr inge,  merges with underlying 
saturated deposits of the principal water-bearing formation. This zone i s  n o t  
characterized as much by the nature of geological materials as by the presence 
of water under conditions of saturation or near-saturation. Studies by Luthin 
and Day (1955) and Kraijenhoff van deLeur (1962) have shown t h a t  both the hy- 
draulic conductivity and f l u x  may r a a i n  h i g h  for some vertical  distance in  
the capi l la ry  f r inge ,  depending on the nature of t he  materials. In general, 
the  thickness of the capi l la ry  fr inge i s  greater in  f i n e  materials than i n  
coarse deposits. 
chemical transformations in  t h i s  zone. Taylor and Luthin (1969) reported on 
a c h p u t e r  model to  characterize t rans ien t  f l o w  in this zone and compared re- 
s u l t s  with data from a s a n d  t a n k  model. Freeze and Cherry (1979) indicated 
tha t  o i l  reaching t h e  water t a b l e  following leakage from a surface source 
flows i n  a la te ra l  direction w i t h i n  the capi l la ry  fr inge i n  close proximity 
t o  t h e  water table.  
t r a t e  below the water tab le ,  although some dissolution may occur. 

Apparently, few studies have been conducted on flow and 

Because o i l  and water are immiscible, o i l  does n o t  pene- 

The overall thickness of the vadose .zone will not necessarily be con- 
stant.. For example, as a r e s u l t  of recharge at  a water t ab le  dur ing  a waste 
disposal operation, a mound may develop,throughout the capi l la ry  f r inge  ex- 
tending in to  the intermediate. zone. Such mounds have been observed dur ing  
recharge s tudies  (e.g., .Wilson, 1971) and e f for t s  have been made t o  quantify 
their  growth  and dissipation (Hantush, 1967; Bouwer, 1978). Pumping i n  the 
groundwater zone also modifies the overaS1 thtckness of t he  zone of aeration, 
as apparent on Figure 2. 

As already indicated, ' the s t a t e  .of knowledge o f  water movement, and 
chemical-microbiological transformations i s  greater i n  t he  so i l  zone than 
elsewhere in  the vadose zone. .Fortunately, renovation of 'an applied wastewa- 
t e r  occurs pr imari ly . in  the so i l  zone. This observation is borne out by the .  
resu l t s  of the well-known studies  of McMichael and McKee (1966) ,  Parizek et 
al .  (1967) ,  and Sopper and Kardos (1973). These s tudies  indicate  tha t  t he  
soil i s  essent ia l ly  a'  " l iv ing  f i l t e r "  e f fec t ive ly  reducing cer ta in  microbio- 
logical,  physical, and chemical consti tuents t o  sa fe  levels a f te r  passage 
through a r e l a t ive ly  short. distance (e.g., Mil ler , , l973;  Thomas, 1973). As a 
resu1.t o f  such favorable observations, a certain complacency may have.deve1- 
oped w i t h  respect t o  the need t o  monitor  only i n  the so i l  zone.. However, i n  
one reported instance at  a disposal operation for  cannery wastes, an apparent 
breakdown of the l iving f i l t e r  occurred because o f  excessive soi l  loading w i t h  
t he  sugars, sucrose, and f ruc tose  (Meyer, personal ccmmunication, 1979). ' . ' 

There i s  growing concern, moreover,. t h a t  certain' toxic  substances, such as 
,chlorinated hydrocarbons, other refractory organics, and'microorganisms, may 
escape the so i l  zone, eventually passing i n t o  underlying groundwater (Walker, 
1973; Ongerth e t  al . ,  1973; 'Shuval and 'Gruener, 1973; 'Robertson, Toussaint, 

For' example, when s o i l s  are th in  and underlain i n  the  i n -  '?* termediate zone by fractured rocks', shor t  c i rcui t ing of,'these materials may 
/ and Jorque, 1974).  
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occur d i rec t ly  in to  groundwater. Thomas and Phi l l ips  (1979) have shown tha t  
for well-structured s o i l s ,  rapid water movement occurs in  macropores between 1 t 

f 
soi l  peds. Consequently, entrained pollutants may n o t  have the opportunity 
t o  in te rac t  with the bulk of t he  soil matrix. 

Dunlap and McNabb (1973) a lso pointed o u t  t ha t  microbial ac t iv i ty  may be 
s ignif icant  in  the  regions underlying the  so i l .  They recommended t h a t  inves- 
t igat ions be conducted t o  quantify the extent tha t  such ac t iv i ty  modifies the 
nature of pollutants t rave l l ing  t h r o u g h  t he  intermediate zone. 

i 
3. 

! .  
i '  
i 
1 .  

The foregoing discussion again emphasizes the need t o  monitor water move- 
ment and water qua l i ty  throughout the vadose zone. For the soil zone, a large 

of Soil  Analyses" compiled by Black (1965). Monitoring i n  t he  intermediate 
zone and cap i l la ry  f r inge  will require the extension of technology developed 
i n  bo th  t he  so i l  zone and i n  the groundwater zone. 
available whereThis approach has been used. 

so i l  solution t o  sample at  depths  up t o  50 f e e t  below a sani tary l andf i l l .  
Meyer, in a personal communication (1979), reported tha t  suction cups were 
used t o  sample from depths greater t h a n  100 f e e t  below land surface a t  can- 
nery and rock phosphate disposal s i t e s  i n  California.  

nmber of techniques were compiled i n t o  a two-volune ser ies  en t i t l ed  "Methods I 

Examples are already 
For example, Apgar and Langmuir 

(1971) successfully used suction cups developed for in-s i tu  sampling of t he  
1 

I n  addition t o  the use of available techniques, new methods will undoubt- 
e d l y  be developed as additional insiqht  i s  qained in to  the complexity of flow 
i n  the  vadose zone. 
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SECTION 3 

PRELIMINARY CHARACTERIZATION OF THE VADOSE ZONE 

Prior t o  i n i t i a t i n g  a vadose zone monitoring progtam, an assessment 
should be made of exis t ing monitoring e f for t s  and, relevant. background infor- 
mation s h o u l d  be collected. Such a "nonsmpling" approach will aid i n  the 
selection of methods t o  offset 'monitoring' gaps and.wil1 generally jncrease 
the chances of designing an effect ive system. 
i n g  includes determining sample.col1ection methods f o r  the source, defining 
the network of existing monitoring wells, including the locations and types 
of wells, and determining methods f o r  saipl ing groundwater. 
mation should'be obtained on the following items: (1) nature of pollutants,  
( 2 )  pollutant source loading, (3)  exis t ing groundwater usage and qual i ty ,  and 
.(4) a description o f .  the hydrogeologic framework, including i n f i l t r a t i a n  po- 
t en t i a l  and 'hydraulic/geochemical properties of the vadose zone and groundwa- 

_. 
Assessing the ex is t ing  monitor- ' 

Background infor- 

t e r  zone., I 
Th$ exis t ing source monitoring program could be evaluated by comparing 

the  ongoing sampling techniques with recommended approaches described i n  .re- 
cent published guidelines, such as the report of Huibregtse and Moser (1976).  
Similarly, the groundwater monitoring. pro ram could be cmpared w i t h  ap- 
proaches recommended by Mooij 'and Rovers 719761, and by Everet.t e t  al.. (1976).. 
Approaches for col.lectirig background 'quali ty information on a source and ex- 
i s t i ng  groundwater usage and quali ty.  have been described i,n detai l  by Todd e t  
al .  (1976) and by Fenn e t  al .  '(1977). The qual i ty  data should be examined for 
completeness; for example, there  may be' gaps i n  exis t ing analyses. Specifi.c 
pollutants s hould be delineated 'and ranked. 

i 

. .  

As a f i r s t ' s t e p  i n  character.izing the hydrogeological. framework w i t h  par- 
t i cu la r  emphasis on the vadose. zone, a l l  relevant data should be collected.  
For example, comprehensive so i l  survey data may be available through ' s t a t e  
agricultural  experiment s ta t ions ,  the Soil  Cons.ervation Service; or other 
agencies. Such surveys generally include information on depths of, soi l  hori-  
zons, presence of hardpan, clay pan, color, porosity, s t ructure ,  texture ,  or- 
ganic matter content, so i l  pH, and inf i l t ra t ior?  ra tes .  

' i  
I 

1 

! '  

For deeper horizons i n  the lower vadose zone, data may be avai lable  from . ' . ' 

d r i l l e r s '  well logs, Water Supply Papers of the U.S. Geological' Survey, Uni- 
vers i ty  theses, disser ta t ions,  and speci.al. reports.. In general, well logs by 
d r i l l i n g  compan.ies mainly describe- conditions below the water table .  However, 

smples are evaluat.ed i n  t h e  laboratory f o r  particle-size.  dis t r ibut ion,  color; 

they should  be coniul'ted f.or possible cl.ues on s.tratif.ication; I n  some areas', 
the U.S. Geological Survey co l lec ts  'dr.il1 cutt ings f rm dri , l l ing s i tes . .  These 

? 
i' 
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and source of origin. 
hydrology or agricultural  engineering progrms. Again, the purpose of these 
smpl ing  programs i s  t o  characterize the saturated zone, b u t  valuable clues 
on the vadose zone may also be included (Matlock, Morin, and Posedly, 1976). 
Historic trends in  groundwater levels  should be determined by examining exis t -  
i n g  water level contour maps. 

In  addition t o  col lect ing available data, wells in  the area of a monitor- 
i n g  s i t e  s h o u l d  be used t o  t he  f u l l e s t  extent. For example, s t a t i c  water lev- 
e l s  in  a network of wells can be plotted t o  give the water t ab le  configuration 
and thus an approximate idea of the, thickness  of the vadose zone. 
presence of cascading water in  wells will indicate the possible presence of 
perching .layers. 
been removed for  servicing, may be used with borehole geophysical methods 
(described 1 a te r )  t o  provide fur ther  clues on the vadose zone. 

After exhausting a l l  exis t ing sources for  clues on the nature of the va- 
dose zone at  a s i t e ,  a t e s t  d r i l l i n g  program may be considered necessary t o  
provi.de more detailed information. 
will depend on the ava i l ab i l i t y  of f u n d s .  
cised i n  s e t t i ng  up the program t o  ensure the maximum value o f . t h e  data. For 
example, a careful grid should be l a id  out f o r  the project area. Also, the  
t e s t  wells a h o u l d  be established based on the poss ib i l i ty  t h a t  they may even- 
tua l ly  be used as observation wells, pie.zaneters, or access .wells.during an .. 

actual monitor ing program. 

the average soi l  texture ,  water content, or .chemistry in  incrments  (say 6- 
inch increments); ( 2 )  observe the precise depth-distribution of soil texture; 
or ( 3 )  determine the bulk density or water-release curves of so i l  incrments .  
For the f i r s t  purpose, samples obtained using post-hole augers, screw or 
sleeve-type augers, or power-driven augers are useful. For the second pur-. 
pose, cores are obtained by d r i v i n g  small-diameter tubes into the soil t o  the 
desired depth.  For the th i rd  purpose, larger-diameter core smplers :  are used. 
These may be hand-driven or forced i n t o  the so i l  by power-driven hydraul'ic. 
so i l  coring equipment. 
obtained. More information on coring i s  presented by Blake (1965). 

Some universit ies also col lect  smples  as part  of t h e i r  

Also, t he  

Finally,  abandoned wells, or  wells i n  which. the pmps have 

The extent and'thoroughness of . the '  program 
A t  any r a t e ,  care should be exer- 

In general, samples from the so i l  zone are obtained t o : .  (.I) characterize 

W i t h  these methods, cores of a specif ic  volume are 

To sample throughout the vadose zone, i t  may be necessary t o  construct 
,deep wells, u s i n g  standard d r i l l i n g  techniques. Such techniques include jet- 
t i n g ,  rotary,  cable-tool, augering, and a i r  d r i l l ing .  Of these methods; per- 
haps augering, u s i n g  continuous f l i g h t s ,  and a i r  d r i l l i n g  provide the most 
usable samples. 
digenous s a l t  a n d  water content w i t h  cable-tool and rotary.methods because o f  

eroblems develop in characteri.zing the dish-ibution of i n -  

water additions d u r i n g  the d r i l l i ng  process; . .  

One a i r  d r i l l i n g  technique involves d r i v i n g  a double-wall drive tube'by a 
pile h m e r  and, concurrently, forcing a i r  under pr.essure down the annulus of 
the pipe. 
thraugh t h e  inside pipe. The  sample, available,  contiouous!y, i s  diverted , ' 

in to  'a cyclone sampler where i t , i s  bagged f o r  laboratory analyses. According 
t o  the  manufacturer, formation changes can be determined w i t h i n  a few 

Air and entrained material .  cut 'by the b i t  return t o  t h e  surface 

. .  
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()centimeters. Furthermore, water seams can be determined i n e d i  ately. This 
feature  i s  advantageous i n  locating the depth and thickness of perching lay- 
e rs ,  Whichever technique i s  used, samples should be taken i n  increments 
throughout the vadose zone. 

Dril l  cutt ings could be examined i n  the laboratory f o r  par t ic le-s ize  dis- 
t r ibut ion and other geologic parmeters.  Knowing the ver t ical  dis t r ibut ion o f  
grain s ize  i n  the hole, the location of potential perching zones may be delin- 
eated. 
transmissive properties of the vadose zone. 

The collected samples could also be used t o  estimate storage and 

' Following construction of a t e s t  well or wells,  geophysical logging 
should be in i t i a t ed .  First, the t e s t  hole(s)  s h o u l d  be logged. The r e su l t s  
o f  logging i n  t h e  t e s t  well should be correlated with drill cut t ing analyses 
t o  delineate stratigraphy. Subsequent logs f r m  other wells could thus be i n -  
terpreted and t h e  l a t e ra l  and ver t ical  extent o f  various layers (e.g., those 
favoring perching) defined. 

Among the common borehole l o g g i n g  techniques are the spontaneous poten- 
t i a l  method; res is tance logging, acoustic logging, and nuclear logging. -The 
spontaneous potential '  method and resistance l o g g i n g  require an uncased water- 
f i l l e d  well. Acoustic logging is conducted in a f1,uid-filled cavity and i s  
n o t  applicable t o  t h e  vadose zone. Only nuclear 1ogging.methods are su i tab le  
f o r  logging i n  e i ther  uncased or cased wells above the  water . table .  

Common nuclear logging techniques include natural gamma l o g g i n g ,  gamma- 
gamma logging, and neutron logging. The principles of and procedures in ap- 
plying these techniques i n  groundwater investigations .are discussed thoroughly 
by Keys and MacCary (1971). Brief ly ,  natural gamma logging comprises the de- 
tect ion of natural gamma ac t iv i ty  of ,rocks. Keys and MacCary (1971) l i . s t  the 
following sequence of s.edimentary.rocks i n  ascending order of na tu ra l  gamma 

organic marine shale ,  and potash beds. Natural gamma logs are par t icu lar ly  
advantageous i n  characterizing the vertical  extent of sediments and t rac ing  
them la te ra l ly l f ran  well t o  .well. (Keys and MacCary, 1971; Norris, 1972).  

Gamma-gamma logs  provide a record of the in tens i ty  of radiation from a 
source i n  a down-hole probe a f te r  i t  has backscattered and attenuated i n  the  
well and surrounding media (Keys and MacCary, 1971). The down-hole probe con- 
t a ins  ,a source. of gamma photons, such as cobalt-60 or cesium-137, and.sodium 
iodide detector. The principal uses o f  ,gamma-gamma logs are t o .  ident i fy  the 
l i thology and t o  estimate b u l k  density and porosity of rocks (Keys and 
MacCary,. 1971). 

Neutron l o g g i n g  compri.ses lowering in to  a well 'a down-ho1.e probe contain- 
ing a source Of high-energy neutrons and a detector of thermalized neutrons. 
Neutron loggers provide information on the.  hydrogen content, and consequ.ently. 
water content,. of sediments within the vadose zone and the porosity of sedi-  
ments below t h 2  water tab le .  Neutron logs  are useful i n  detecting the pres- 
ence of perched groundwater. For exmple, Keys (1967)  used a .canbination of 
gamma logs 'and neutron logs t o  delineate a clay perching bed a t  t h e  National 

e 

. ' ac t iv i ty :  anhydrite, coal,  s a l t ,  dolomite, sandstone, sandy shale,  shale,  

. 

. .  
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Reactor Testing Station i n  Idaho. Neutron l o g g i n g  between wells may indicate  
the la te ra l  extent of perched groundwater bodies. I 0 ! 
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SECTION 4 

MONITORING STORAGE PROPERTIES OF THE VADOSE ZONE 

TECHNICAL CONS1 DERATIONS 

Physical properties of the vadose zone associated w i t h  storage of water 
include the following: (1) to ta l  thickness, ( 2 )  porosity, ( 3 )  b u l k  density, 
(4)  water content, . ( 5 )  soil-water charac te r i s t ics ,  (6)  'fie1.d capacity (spe-. 

technical information on each of these i t m s  may be found i n  reference works 
by Childs (1969);  Hillel  (1971); Davis and dewiest (1966);  Cooley, Harsh., and . . 

Lewis (1972);  Freeze'and Cherry (1979); Bouwer (1978); and Brakensiek, Osborn, 
and Rawls (1979). 

c i f i c  re tent ion) ,  (7 )  spec i f ic  yield,  and (8)  f i l l a b l e  porosity. Greater . .  

The relationships of each of these properties t o  storage are reviewed i n  
Laboratory methods f o r  quantifying the  magnitudes of the f i r s t  t h i s  section. 

s i x  properties are also presented, 

Thickness 

The storage capacity of a vadose zone i s  obviously re la ted  t o  the overall 
thickness, i .e. ,  depth f r m  ground surface t o  t h e  water table.  
Figure 2 , the thickness i s  n o t  constant b u t  changes i n  response t o  pumping or 
recharge. The theoretical  depth of water tha t  could be stored i n  a vadose 
zone assuming 100-percent saturat ion i s  expressed by the following 
re1 ationshi p: 

As shown on 

I 

where 4 = depth of water app1,ied d u r i n g  surface flooding 

Di j  = b u l k  density of soil  

D, = density of water 

dv, = depth, of vadose zone . .  t o  be wetted 
. .  

. 
, 

4 
' I  

l ip, = difference i n  the percentage of water on a mass basis a t  
, saturation and af te r  oven dryi'ng (105°C for  24 hours). 
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SECTION 6 

MONITOKING QUALITY CHANGES IN THE VADOSE ZONE 

So f a r  in our discussion on monitoring i n , t h e  vadose zone, we have con- 
centrated on the storage and movement of water, .the vehicle for  transmitt ing 
pollutants. In a qual i ty  monitoring program, the major emphasis will be t o '  
monitor t he  spatial  and temporal variations of spec i f ic  water-borne pollU- 
. tants .  
major inorganic chemical consti tuents,  t race  chemical consti tuents,  organic 
chemical consti tuents,  microbi a1 consti tuents,  and .radionuclides. Physical 
consti tuents,  such as temperature and suspended sediment, will n o t  be 
considered. 

Particular consti tuents w i t h i n  each o f  these categories which should be 
monitored i n  the  vadose zone will obviously .be s i te-specif ic ,  L e . ,  depend 
upon the  waste disposal operation. For example, when monitoring agricultural  
return flows, specif ic  pollutants may include the nitrogen ser ies ,  particu- 
l a r l y  NO3-N, phosphate, t o t a l  dissolved s a l t s  (TDS), and pesticides.  For 
land treatment s i t e s ,  monitoring may emphasize bacteria,  virus, heavy metals, 
NO3-N, and phosphate, TDS; t o t a l  organic carbon ( T O C ) ,  biochemical oxyg'en 
demand ( B O D ) ,  and chemical oxygen demand ( C O D ) .  For san i ta ry  l a n d f i l l s ,  a 
range of pollutants i n  a l l  four categoriesshould be monitored i n  leachate,  
w i t h  particular emphasis on heavy metals. 
posal operations, great emphasis should be placed on monitoring the f a t e  of 
specif ic  organic toxins during flow i n  the vadose zone. 

In the following discussion, .reactions affecting the movement of pollu- 
t a n t s  i n  the vadose zone are br ie f ly  discussed and current.methods for  vadose 
zone monitoring are revi ewed. 

TECHNICAL REVIEW 

ment i n  the vadose 'zone i s  derived from the e f fo r t s  of spec ia l i s t s  working i n  
soil  s and deeper geol ogi cal , regions. 
microbiologists have examined chemical and 'microbi ological interact ions,  re- 
spectively, in  so i l s .  SImil arly,  .geochemist.s ha,ve studied low-temperature 
chemical reactions in .groundwater. Among the references which the  interested 
reader may wish t o  consult for  greater detai l  on soils/geochemistryrelative 
to  pollutant movement are the  followingi 
(1979), a review of the modern concepts of s o i l s  chemistry;. ( 2 )  Alexander 

.(1961), a text  on so i l  mickobiology; ( 3 )  H e m  (19701, a detailed,review of wa- 
t e r  chemistry, including a discussio'n of chemical constit'uents in  .groundwater; 

In the ensuing discussion, such pollutants are categorized as follows: 
' 

&- 
Finally,  f o r  hazardous waste dis- 

. .  

As with water movement, the present s t a t e  of knowledge on pollutant move- 

For exampl e, so i l  chemi sts and soi 1' 

(1) Bohn, McNeal, and O'Connor 

. .  . .  
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and (4)  t ex t s  by Davis and dewiest (1956), z u w e r  (1978), and Freeze and 
Cherry (1979) containing chapters on water quali ty.  

with interactions between water, pollutants,  and vadose zone materials. 
papers include those of, E l l i s  (1973), Rhoades and Bernstein (1971), Murrmann 
and Koutz (1972) ,  McNeal (1974), Pra t t  e t  a!. (1978), and Chang and Page 
(1979). In his review paper, Runnells (1976) itemized 11 physical-chemical 
processes tha t  may operate i n  t h e  subsurface t o  purify l iquid wastes. The 
spec i f ic  processes are: di lut ion,  buffering of pH, precipi ta t ion by reaction 
of wastes with indigenous water or sol ids ,  precipitation due t o  hydrolysis, 
removal due t o  oxidation and reduct ion,  mechanical f i l t r a t i o n  vola t i l i za t ion  
and loss as a gas, biological assimilation or degradation, radioactive decay, 
membrane f i l t r a t i o n  and sorption. Runnells (1976) b r i e f ly  discussed each of 
these fac tors ,  and the interested reader should consult his paper f o r  de ta i l s .  
Fuller (1977) a l so  presented a review a r t i c l e  dealing with the movement of 
selected heavy metals i n  so i l s .  Among the factors  which Fuller (1977) exam- 
ined r e l a t ive  t o  the movement of these metals were: 
reduction (eH), surface area of so i l s ,  pore-size distr.ibution, organic matter, 
concentration of ions or s a l t s ,  and presence of hydrous oxides. Prat t  et a l .  
(1978) discussed the removal of biological and chemical contaminants by so i l  
systems. The removal process included f i l t r a t i o n ,  adsorption, decompos.i t i o n ,  
ion exchange, oxidation-reduction, chemical complex formation, chemical pre- 
c ip i ta t ion ,  and other chemical -reactions. 

Several review papers have also been published in  recent years dealing 
Such 

0 

so i l  pH, oxidation- 

In recent years', a number of so i l  column experiments have been conducted 
in the laboratory t o  ident i fy  the factors  influencing. the mobility of pollu-.  
tants.  The column studies of Fuller (1978) and his associates a t  t he  Univer- 
s i t y  of Arizona on the mobility of t race contaminants from landf i l l  leachate 
are an example of such laboratory studies. Based on s t a t i s t i c a l  analyses of 
these laboratory s tudies ,  Korte e t  a l .  (1976) found t h a t  the following .factors 
were. dominant i n  affecting the movement of t race contaminants i n  so i l s :  so i l  
texture  and surface area, percentage of f r ee  oxides, and pH. 

' the movement of pollutants i n  vadose zones. 
tained water samples t o  a depth of about 55 f e e t  from the ,vadose 'zone beneath 
a landf'ill  in Pennsylvania. (The technique used t o  obtain. these samp,les was 
suction cup lysimeters, described l a t e r  i n  . th is  report.) Based, on , t h e i r ' f i e l d  
'observations, Apgar and Langmuir (1971) concluded. tha t  the following fac tors  
were important i n  attenuating pollutants:  dilution and dispersion, oxidation, 
chemical precipitation; cat ion exchange, and anion exchange. During f i e l d  
studies t o  determine chemical changes i n  water d u r i n g  a r t i f i c i a l  recharge a t  a 
s i te  i n  Texas, Wood and Signor (1975) examined the followiflg mechanisms: 
t ion exchange, anion exchange, mineral solution, adsorption, desorption,. and 
sul.fate.reduction. They concluded t h a t  a t  t h e j r  s i t e ,  ion.exchange and de- 
sorption were the  major mechanisms .affecting water qua l i ty  in the vadose zone. 

0 

Field studies have also been conducted t o  determine the factors  affecting 
Apgar and Langmuir (1971) ob- 

. .  

ca- 

. .  

-- 
f' 

# 

. .  
. .  



s o i l s  except possibly as an impurity i n  phosphorus compounds formed over a 0 long period of time." j: 
I The complex chemistry of selenium is described by Fuller.  The behavior 

of selenium i s  closely re la ted  t o  tha t  of sulfur  in acid formation and other 
properties. Based on experimental studies a t  the University of Arizona, F u l -  
ler concluded tha t  other fac tors  being equal, selenium i s  l e s s  mobile i n  
acidic than i n  neutral .  or alkaline so i l s .  ' I  

slowly soluble precipi ta tes  with carbonate, sulf ides ,  s i l i c a t e ,  and phosphate 
ions. Sulfide values may increase i n  leachate i f  waterlogging occurs, promot- 
i n g  precipitation o f  zinc (and other cat ionic  heavy metals). Zinc i s  also , .  

strongly sorbed on the exchange complex of so i l .  

I 

'I 
l 
I 

Regarding the mobility of zinc, Fuller (1577) indicated t h a t  'Zn2+ forms 

! 

! 

Unlike other members of the halogen group, f louride compounds tend t o  be 
rather insoluble ( H e m ,  1970). 
limited by the formation of f l o u r i t e  (CaF2) with a so lub i l i t y  product of 
10-10.57 (Hem, 1970). 
t o  favor f l o u r i t e  formation i n  s p i t e  of common ion effects.  

The mobility of f louride i n  leachate may be 

High concentrations of  calcium in leachate. would tend 

Reactions of strontium i n  water are similar t o  those of calcium. Stron- 
. ,  t i a n i t e ,  formed by the  reaction o f . s t r o n t i m  and bicarbonate, i s  s l i gh t ly  l e s s  

soluble than c a l c i t e  . ( H e m ,  1970). In addition, r e l a t ive ly  insoluble. s t ror i t im 
su l f a t e  may be formed i n  su l f a t e  rich waters (Davis and dewiest, 1966). Both 
reactions.may occur, l imit ing the mobility of strontium. i . 

? 

Copper appears t o  b e  strongly cmplexed t o  organic matter (Ful ler ,  1977); 

Hemb(1970) reported tha t  copper 

Reduction of su l fa te ,  present 

0 
consequently, copper-organic chelates may form in 1eaWTte which may be solu- 
ble and mobile. The formation of hydrous oxides of Mn and Fe provides the  
m a i n  control in the i n o b i l i z a t i o n  of copper. 
so lub i l i t y  i s  generally lower i n  reducing .systems than i n  oxidizing systems, 
par t icu lar ly  i f  reduced sulfur  species are present. Reducing or  anaerobic. 
conditions c o u l d  exis t  -if saturat ion develops. 
i n  leachate, would then lead t o  precipi ta t ion of copper (as we17 as iron, 
zinc, cadmium, lead, and mercury (Ful ler ,  1977)). 

. ' 

i 
j 

Both nickel and cobalt are strongly adsorbed by .iron and manganese oxides 

' , are h igh .  According t o  H e m  (1970), there  are no e f fec t ive . so lubi l i ty  controls 

(Hem, 1970). The low so lub i l i t y  of CaCO3 may be an important factor  i n  lim- 
i t i n g  cobalt  concentrations i n  solutions i n  which HCO; concentrations 

over molybdenum concentrations i n  water. Consequently, t he  mobility 'of the 
g 
.? 
i 

anionic'form, molybdate, will probably b e  h igh .  

cadmium in so i l s .  
Jurinak and Santillan-Medrano (1974) examined the t ransport  of lead, and  

Processes considered t o  be important i n  governing cadmium r 
and lead movement i n  s o i l s  included the following: 'precipitation and dissolu- !. 
t i o n ,  ion-pair formation, pH f lux ,  cat,i.on exchange, and adsorption. Jurinak I 
and Sant,illan-Medrano (1974) concluded t h a t  the principal mechanism regulating 
Pb so lub i l i t y  in noncalcareous s o i l s  was precipitation.of t he  forms: 
Pb(0H)z and Pbg(P.O4)30H. 'e ' tates. "Calcareous s o i l s  ,appear t o  'be .an excellent sink for Pbf+ ions." . ;' 

.' 

1: In calcareous s o i l s ,  PbC03 also. preci i- 
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Jurft ,akc  and santillan-Medrano found tha t  the so lub i l i t y  of cadnium i n  
t c l i s  is 100 times greater than lead , i n  the pH range 5 to '  9. 

t l l a t  par t icular ly  a t  low concentrations, the adsorp t ion  of Cd by the .,.tTy. A 

,,,ipitation of s l i g h t l y  soluble  compounds regulates solubi l i ty ."  F 

"The data 

a more important mechanism in retention than in the case of Pb where $0115 f 

:: , 
p r a t t  e t  al. (1978) indicated t h a t  in . so lu t ion ,  mercury ex is t s  i n  inor- 

gJnfc form as a monovalent or, divalent ion and as complex ions or ion pairs. 
Regarding mobility of mercury, these authors s ta ted ,  "The concentrations of 
llg i n  soil solutions are governed by ionic adsorption by organic and inorganic 
nlaterials and by the  low so lub i l i t i e s  of Hg as phosphate, carbonate, and 
sulfide . ' I  

Alesii (1976) studied the mobility of .simple and complex forms of cya- 
nide i n  soil  colmns. He observed, "Cyanide .as Fe(CN) 3- and C N -  i n  water 
were b o t h  found t o  be. very mobile i n  so i l s .  Soil  p ropb t i e s ,  such as low pH, 
percentage f r e e  iron oxide and Kaolin, chloride, and gibbsi te . type clay ( h i g h  
positive charges) .tended t o  increase the  attenuation.of cyanide. High  pH, 
presence of f r ee  CaC03 ( h i g h  negative charge), low clay content, and mont- 
morillonite clay tended t o  increase the  mobility of the cyanide forms." When 
an abundant energy source i s  a.vailable, microorganisms vola t i l i ze  cyanide i n t o  
less  harmful forms of nitrogen. However, as noted by Fuller (1977), anaerobic 
cond-itions i n h i b i t  the microbial degradation of a cyanide. 
municipal wastewaters i n  California, P ra t t  e t  81. (1978) found t h a t  the maxi- 
mum cyanide level was 0.16 mg/l. They concluded t h a t  d u r i n g  recharge, cyanide 
levels would be reduced wel.1 below the  recommended l imit  of 0.2 .mg/-l. 

. 

In a survey of 

Organic Constituents-- i 

. .  

A problem i n  specifying the mobility o f  spec i f ic  organic pollutants i s  
tha t  quant i ta t ive studies have only.recently been reported. One problem is 
tha t  analytical procedures to  ident i fy  organic consti tuents are s t i l l  being 

r e l a t ive  infancy compared t o  those used. f o r  other pollutants" (U.S. EPA, 
1979a). 

Two al ternat ive methods which may'have appl icabi l i ty  i n  characterizing 
organic pollutants during flow in the vadose zone have been proposed by the 
U.S. EPA (1979a). One method i s  quant i ta t ive,  employing GC/MS (gas chromatog- 
raphylmass spectrometry). The other method provides for "screening" t o  detect  
the presence or absence of organic toxins by GC/MS, followed by ex t ra  GC or L C  
( l iquid chromatography) quantification .of ident i f ied pollutants.  

Recently, Leenheer and Huffman (1976) described the development of the 
dissolved 'organic carbon (.DOC) technique for fract ionat ing organics into by- 
drophobic and  hydrophilic components us ing  macroreticular,resins.  The tech- 
nique was applied t o  several natural waters. This .technique has advantages 
over other .methods for concentrating organics, such as activated carbon. For 
example, Robertson, Toussaint, and Jorque (1974) r'eported tha t  only 10  percent 
o f  organics present i n  groundwater beneath a ,  1 a n d f i l l  i.n Oklahoma were iden t i - .  
f i ed  us ing  carbon adsorption foll'owed by carbon chloroform and carbon, alcohol . 
extraction. 

e 
)k developed.. "Methods of sampling and analyzing for most organics a r e ' i n  - their  
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The principal mechanisms for  attenuating organic pollutants are adsorp- 
t ion and decomposition ( P r a t t  e t  al.., 1978). 
of adsorption, Robertson, Toussaint, and Jorque (1974) observed tha t  polychlo- 
rinated biphenyls (PCBs) tend t o  be strongly adsorbed in  so j l s .  
Huffman (1976) indicated t h a t  b o t h  hydrophobic and hydrophilic organics may be 
sorbed by sediment. 
substances on s o i l s  .in some de ta i l :  

As an example of the importance 

Leenheer and 

Chang and Page (1979) discussed adsorption of organic 

The adsorption of dissolved organic substances usually i s  com- 
plicated by the chemical character is t ics  ( i  .e., molecular 
w e i g h t ,  s t ructure  and the presence of various functional 
groups) of each organic compound .... Since many organic sub- 
stances tend t o  form negatively charged colloids in.aqueous. 
solution, t he  most l ike ly  s i t e s  for  adsorption t o  take place 
would be the posi t ively charged edges of clay.minerals. 
organic substances also form organometallic complexes which may 
be adsorbed as neutral or posi t ively charged molecules. 

These 

Biodegradable organics are decomposed by microorganisms rendering poten- 
t i a l l y  harmful consti tuents into gases. Davis (1956) reported tha t  'microbio- 
' logists have observed the u t i l i za t ion  of hydrocarbons by cer ta in  bacteria;  
actinomycetes, filamentous f u n g i ,  and yeasts. In general, however, hydro- 

Furthermore, the cycl ic  hydro'carbons are less  suscept ible  t o  microbial decom- 
position ;than are the al iphat ic  hydrocarbons. Chlorination of. wastewaters 
prior t o  recharge may destroy b o t h  pathogenic organisms and microorganisms re- 
sponsible for decompositipn (P ra t t  e t  al.., 1978). 

For example, . 

Leenheer and Huffman (1976) noted h the formation of an organic precipi.tate upon 
acidification of a groundwater sample from an o i l  shale area-near Rock 
Springs, Wyoming. Rais ing the pH dissolved the precipitate.  The pH of leach- 
a t e  d u r i n g  aerobic decomposition w i t h i n  a sani tary l andf i l l  may be low enough 
t o  cause the. f locculation of cer ta in  oraanics. In the underlvina media. f l ocs  

carbons are not as readi'iy decomposed as carbohydrates, proteins, or  f a t s .  I 

. ,. 

The pH may.also be a fac tor  i n  the mobility o f  organics. 

- -  
would then be f i l t e r e d  out.  However, i n  alkaline s o i l s ,  t he  pH would eientu- 
3 1 1 - r  n l n t r - + n  C n  3 n r . 4 - C  4 -  C h n  Cln , . ,  r s , r + m  -+ s.sh:-h , .un-n;r  C 1 m - m  a . , , . n , l , i  a."J S I C Y Q L . C  LU a p J , , , L  1 1 1  b,,C , l u l l  JJ,L.Oll ax. 1 1 1 1 1 1 . 1 1  UI yja8,lL. I tu1.a WU"!" 

i dissolve. 
I_ 
t 

.* In studies on leaching of spent o i l  shale, Schmidt-Collerus'(l974) noted 
t h a t  the solubi l izat ion of polycondensed organic matter was enhanced by the 
presence of seepage water high i n  TDS. 
wastewater would be accelerated in a similar fashion if the i n i t i a l  TDS were. 
h i  gh. ! 

. .  

Possibly, t h e  f lux  of organics . in 
i 

Microorganisms-- 
. .  

According. t o  Gilbert e t  al .  (1976), bac te r ia  a re  removed:at the s o i l  sur- I 

.I[ face by f i l t r a t i o n ,  sedimentation, and adsorption. , Vi.rus.rmova1 occurs 
mainly by adsorption, which increases w i t h  decreasing pH. . Other f.actors-. 

and climatic conditions. , Survival: and movement .of microorganisms . w i t h i n  a . . . 

listed by Gilbert  .et al .  as important in  attenuating bacteria and..viruS are: 
s a l t  concentration, pH, organic matter, s o i l .  composition, i n f i l t r a t i o n  r a t e s ,  

i 
! 
i. 
L.. 

. .  
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. so i l  r e l a t e  t o  so i l  moisture content, temperature, pH, nutr ient  ava i lab i l i ty ,  

and antagonisms. The presence of excessive s a l t  l eve ls  i n  wastewater, coupled 
w i t h  the presence of high l eve l s  of toxic substances (e.g., t race contami- 
nants, pest ic ides) ,  may l imi t  t h e  migration of bacteria and virus t o  a.smal1 
segnent of the vadose zone beneath a l andf i l l .  

' i n  Table 4. 
so i l  should not be equated w i t h  virus inactivation. 
t i c l e s  have been demonstrated t o  be infectious for s ignif icant  periods of 
time. Viruses imobil ized by so i l  adsorption may also become desorbed when 
the chemical composition of the percolating wastewater i s  changed." 

Pesticides-- 

@ 

Specific factors  affecting the movement of virus in s o i l s  are summarized 

' 

Chang and Page (1979) cautioned tha t  immobilization of viruses by 
"Many adsorbed virus par- 

Factors influencing t h e  f a t e  and behavior of pesticides i n ,  soi l  systems 
include: (1) chemical decomposition, ( 2 )  photochemical decomposition, ( 3 )  
microbial decomposition, (4)  vola t i l i za t ion ,  (5)  plant or organism uptake, and 
(6)  adsorption-desorption (Bailey and White, 1970). 
tion-desorption, d i r ec t ly  or ind i rec t ly  influences the magnitude of the other 
f i v e  factors  and i s  considered t o  be the prime factor  governing the  interac- 
t ions between pesticides and so i l  colloids. 
c lass i f ied  organic pesticides as ionic or nonionic. 
are subclassified as cat ionic  (paraquat, disquat) ,  basic (s-triazones),  and 
acidic (beniofc acids, phenols, picol inic  acid). 
chlorinated hydrocarbons and organophosphates. Cationic pesticides are re- 
tained tenaciously on t h e  exchange complex. Changes in  so i l  pH have a pro- 
found b u t  complex ef fec t  on pesticide forms. For example, a decrease in  pH 
increases the molecular f o m  of an acidic pesticide b u t  increases the conju- 
gate acid form of the base (Leonard, Bailey, and Swank, 1976). These changes 
will modify adsorption-desorption character is t ics  and the mobility of pesti- 
cides. 
sorption-desorption properties and pointed o u t  tha t  organic matter great ly  i n -  
creases the sorptive tendency of so i l s .  

an increase i n  temperature decreases adsorption and promotes desorption (Leon- 
ard, Bailey, and Swank, 1976). 
fects on so lub i l i t y  and vapor pressure. 

The l a s t  i t en ,  adsorp- 

Leonard, Bailey, and Swank (1976) 
In turn, ionic pesticides 

Nonionic pesticides include 

@ 

Leonard, Bailey, and Swank also reviewed the e f fec t  of c lay on  

Temperature e f fec ts  adsorption-desorption of pesticides. For example, 

Temperature also a f fec ts  sorption t h r o u g h  ef- 

Regarding so i l  moisture e f f ec t s ,  Leonard, Bailey, and Swank indicated, "A 
decrease i n  so i l  moisture (a)  causes an increase i n  concentration per u n i t  
volume, ... and may increase surface acidity,  and, thus increases adsorption; 
and (b) causes a decrease in cmpet i t ion  w i t h  water f o r  adsorption s i t e s ,  
which should increase adsorption." 
trates t o  the so lub i l i t y  product, c rys ta l l iza t ion  will resu l t .  

Furthermore, when the pesticide concen- 

Pesticide degradation will  occur , i n  soils. .Photodecomposition will re- 
duce pest ic ide levels near t he  so i l  surface b u t  may be inconsequential with 
depth. 
t e n t i a l ,  and surface acidity.  

Chemical degradation i s  a complex phenomena, re la ted  t o  pH, redox po- 
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.' Solids Sawling in the Vadose Zone 

irig a waste disposal operation i s  t o  obtain samples of t he  so l id  materials 
throughout t h i s  region. 
materials. 
Dunlap e t  al .  (1977): 

A n  important aspect of a monitoring program for the vadose zone underly- 
e. 

Solids are defined as s o i l s  and underlying geologic 
The ra t iona le  for so l ids  sampling i n  the vadose zone was'stated by 

! 
Only by analysis of earth so l ids  from the unsaturated zone un- 
derlying pollutant-releasing a c t i v i t i e s  can those pollutants 
which are moving very slowly toward t h e  water t ab le  because of 
sorpt ion and/or physical impediment be detected and their r a t e s  
of  movement and degradation measured. Such pollutants,  which' 
probably include a major proportion of organics and microorga- 
nisms, are not l i ke ly  t o  be detected i n  groundwater until the 
act ivi . t ies  releasing t h a n .  have been i n  operat.ion f o r  protracted 
periods. Because of t he i r  potential for long-term pollution of 
groundwater, i t  i s  imperative tha t  the behavior of these pol-, 
lu tants ,  i n  the  subsurface be established a t  the e a r l i e s t  prac- 
ti cab1 e time. 

Dunlap e t  al .  (1977) a lso l i s t e d  reasons for s a p l i n g  from the .groundwa- 
t e r  zone (''zone of saturation").  These reasons apply equally well for smpl- 
i n g  from perched groundwater: 

-7F 

a 

Analyses of organic pollutants i n  so l id  samples from the zone 
of saturation are needed f o r  a r e a l i s t i c  evaluation of t he  to- 
t a l  .extent and probable longevity of organic pollution i n  an 
aquifer. Such analyses provide a measure of the quantity of 
pollutants which are sorbed on aquifer so l ids  and which are  in  
equilibriun w i t h ,  and i n  essence serve as a reservoir ' for ;  pol- 
lutants  i n , s o l u t i o n  i n  the adjacent groundwater. 

Microbial populations which may be .involved . in  the biological 
a l terat ion of pollutants i n  subsurface formations are  l ikely '  t o  
be in  such close association with subsurface solids t h a t  they 
wi.11 not  be present i n  wel'l waters i n  nmbers which are  quan- 
t i t a t i v e l y  indicat ive of t he i r  presence i n  the  formations; 
hence, analyses of subsurface so l ids  are  needed f o r  accurate E 
evaluation of such populations. 

Even when the best well construction and groundwater sampling 
procedures. are used, i t  is  diff icu ' l t  t o  completely eliminate , ' 

the poss ib i l i ty  tha t  contminating surface microbes may be 
present i n  groundwater samples. Solids taken f rm the  in t e r io r  
of cores careful ly  obtained from the zone of saturation proba- 
bly .provide t h e  most authentic samples of aquifer microorga- 

I 

I 

.. . r 
f 

nisms that  can be obtained. -- 
In this section, the following items a re  discussed: .(1) s 'o i l s  sampling . . :. 

methads for inorganic chemicals; organic consti tuents,  and microorganisms; ' ( 2 )  
'sampling of solids i n  the lower vadose zone; ( 3 )  f i e l d  analyses; ( 4 ) . f i e l d  and 
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laboratory handling of samples; and (5) advantages and disadvantages of solids 
sampl i ng  met hods. 

s o i l s  Sampling-- 

Soil sampling methods used by so i l  s c i en t i s t s  and i r r iga t ion  and drainage 
engineers t o  evaluate the physical properties of s o i l s  are, also su i tab le  for  
sarnpling t o  determine inorganic chemical consti tuents.  Particular methods 
which have been used ,include the following types.of hand augers: screw-type 
augers, post-hole augers, barrel augers, and dutch augers (Donnan, 1957), 
Another common type of sampler is the split-spoon sampler, which is  a barrel- 
type auger, one side of which pivots on a hinge. Tube-type samplers have been 
used extensively t o  obtain so i l  cores. The Veihmeyer sampler i s  an example of 
such a u n i t .  The end of the sampler i s  bevelled and sharpened t o  f a c i l i t a t e  
inser t ion in to  the so i l .  A drive hamaer is  used t o  force the  tube t o  the de- 
s i red  depth. An i n t ac t  core i s  removed from the tube. Such a . co re  may show 
the d is t inc t  breaks in  so i l  layering. 

A problem associated w i t h  us ing  augers and tube-type samplers i s  that  i f  9 the soi l  i s  very dry, t he  sample tends t o  f a l l  o u t  of .the u n i t  when i t  is be- 
i n g  withdrawn. 
(Thorn-as, personal communication, 1979). Another problem. is  t h a t  i f  t he  s o i l  
i s  wet, sane chemical interactions may occur. between the s o i l  water and the 
metal parts of t he  sampler. Thus, t race  metals could be ,introduced i n t o . t h e  
sample. 

is of par t icular  importance when sampling for organic chemica1.s and microorga- 
nisms. 
dure for  obtaining so i l  samples f o r  microbial analysis: 

"Core catchers" could be used t o  overcome this.problem 

The problem of contamination between a soi l  sample and sampl ing  device 

Bordner, Winter, and Scarpino (1978) recommended the following proce- 

... scrape'the top one inch of soil  from a square f o o t ' a r e a  
using a s t e r i l e  scoop or spoon. If a subsurface sample is de-. 
sired, use a . s t e r i 1 e  scoop or spa tu l a ' t o  remove the top surface 
of one inch or more frorn a one-.foot square area: Use a second 
scoop or spoon t o  take the sample. Place samplings i n  a s ter- ,  
i l e  one quart screw-cap bot t le  unti l  i t  is fu l l .  Depending on 
the amount o f  moisture, a one-quart bo t t le  holds ~300-800 grams 
of so i l .  Label and tag the bot t le  careful ly  and s t o r e  a t  4°C 
unt i l  analyzed. 

. .  

Techniques for sampling organic and microbial constituents have been ex- 
amined by The Groundwater Research Branch of the.  Robert. S. Kerr Environmental 
Research Laboratory, as reported by Dunlap e t  a l .  (1977). One method used 
with success comprises an auger and dry-tube coring proctidure.' The method en- 
t a i l s  augering.a hole t o  the top  of ' . the 'desired sampling depth  and forcing a . .  

"dry-tube" core sampler in to  the sampling region. The core sampler used by 
Dunlap e t  al .  (1977) was a s teel  tube about 18 inches long and 3 inches. i n  ' 

diameter. 
s l i gh t ly  smaller inside diameter than the di?veter of the. barrel .  This ar- 
rangement f a c i l i t a t e s  removing the core. As pointed o u t b y  Dunlap e t  al. 
(1977), contamination problems are minimized by the auger/dry-tube coring 

The core barrel i s  f i t t e d  with a s t ee l  drive shoe which .is of 

' .  0 112 . .  
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The author begins a three-port series with a description of the vadose zone and an outline 
of why and how to monitor it. The tint article discusses theneutron moisture logging method 
of determining storage and stamge changes, and offers a catalog of alternat;ve methods. 

By L G. Wilson 

Introduction 
The geologicnl profile extending 

from thegroundsurfacetotheupper 
surface of a principal water-bearing 
formation is called the vadose zone. 
As pointed out by Bouwer (19781, 
the term :'vadosezone" is preferable 
to theoften-used terrn"unsaturated 
zone" because saturated regions are 
frequently present in some vadose I 

so often used as  a synonym for 

vadosezone maybeonlya few feet in 
thlckness. Elsewhere. the. vadose 
zone maybe tensorhundredsoffeet 
thick Changes in the thiclrness of 
thevadwzoneat a@ven site reflect 
the response of a water table to 
either recharge or discharge. Flg- 
ure 1 Is a cross-section through the 
vadose zone of an alluvial basin In 
the west 

Monitoring withln the vadose 
zone underlyinga surface pollution 
source affords an "early warning" of- 
potential ground-water pollution If 
remedial measurnarc implemented 
prior to the onset of pollution. the 
associated renovatlon costs wilt be 
eliminated or reduced. Concomi- 
tantly. vadose zone monitoring may 
reduce the need for extensive 
groundwater monitoring. In other 
words, I f  a vadose zone monitoring 
program falls to detect the move- 
ment of pollutants. the require- 
ments for groundwater monitoring 
may be reduced orlargelypreduded. 
The savings in costs for construct- 

g ground-water monitoring wells 

wistem reglons where water tables 
are often hundreds of feet deep. 

Vadosezonemonltoring isappro- 
piiate fora niimberofpotentialpol- 
lution sources including sanltay 

~32- ~~ ~ GMfi?_R!h??OR? 

In some regions the 

m ould be significant partlcularly in 

landnh. land treatment facilities. 
spoll piles. septic tank are=, pits, 
ponds. lagoons dry channels used 
lor eflluent dlsposal. and irrigated 
fields. The "Hazardous Waste and 
Consolidated Permit Regulations" 
issued bytheEnvimnmentalPrutt%- 
tlon Agency (1980) require that 
areasused forland treatmentofhaz- 
ardous wastes shall install avadose 
zone monltoringsystem, in addition 
€0 ground-water monitoritg wells- 
However. vadose zone monitoring 
was not recommended for hazard- 
ous waste landfllls and surface 
impoundments due to the problem 
of installing sampllng units, such 
a4 suctlon cup samplers, beneath 
existing facilities. Because of the 
importance of obtatnlng an early 
warning ,of pollutant travel from 
impoundments and landfills, how- 
ever, altematlve possibllitles should 
be considered. For example. sam- 
pilng units could be Installed during 
construction of new facilities. Simi- 
I&% sampllng and nonsampling 
unlts could be Installed on the 
perimeter ofexisting disposal facill- 
tles wtthout disturbing the waste 
deposits. Samplingunitsaredefined 

those providing liquid or solid 
samples for analysis. Nonsampling 
units provide inferential evidence of 
Iiquid/poUutant movement 

Basically. amonitoringprogram 
for thevadosezonecomprisesapre- 
monitoring phase followed by an 
active monltoitng phase. Implemen- 
tationofboth phases will draw upon 
an array of sampling and nonsam. 
pling techniques for chmcterizliig 
three properties (11 storage (and 
storgechanges). t2) nuid t m s m l s -  
sion and (31 pollutant mobllity. 
Information on storage properties 
is important In that ilquid wastes 
are placed in temprarystoragewlth- 
in the void space of the vadose zone 

prior to movement Into grourid 
water. In some cases, such as In 
western valleys, the storage space 
mayactuallybesumcient toprrclude 
movement Into productiveaquifers 
in fact. Winograd (1974) suggested 
using thevadosezonefor thestomge 
of low-grade radioactive wastes. 
Mann 11976) recommended using 
the storage space of the vadosezone 
in arid regions to augment the 
aboveground storage capaclty of 
tailings ponds. I n  addltlon to an 
interest in storage. perse, informa- 
tlon on storage changes is of prime 
importance in a monitoring pro- 
gram For instance. a change in the 
llquid content of themdosezoneat 
a given depth beneath a disposal 
facility suggests that Iiquld-borne 
wastes have reached that depth. 

The transmission of liquid 
wastes in the  vadose zone is 
expressed in terms of flux and rate 
of now. "Flux" (actually. the term 
"darcian flux'" is more accurate- 
seeFhe~eand Cherry. 1979)qre- 
sents t h e q u a n t l ~ o f l l q u l d ~ i n g  
a unlt cross-sectional area per unit 
tlme Information on the flux of 
llquldwastescanbeused toestimate 
the amount of liquid-borne poUu- 
rants entering a ground-water sys- 
tem. Slmilariy. estimating the 
velocity (or "average linear veloci- 
ty.'-~ Freeze and Cherry, 1979) of 
liquid wastes In the vadose mne is 
useful for establishinga 1ower::zi: 
an the arrival time of pollutants at 
the water table. This provides acon- 
~enativeestimateof\vhenoo~uuon 
mlghl begin. The actual time 
ofspecific pollutanl~ may belonger 
because of attenuation. Unfortu- 
nately. very few field measurements 
have been obtained on elther the 
flux or velocity of liquid wastes in 
representative vadosezones. Evans. 
Sammis and Warrick (1976).  

emd: 
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ported deep percolation rater, for 
" J irrigated field in the Salt Rlver 

11ky. Mzona  Estlmatcs of the 
~ c i a n  Ilux mged fmm 9 to 38 
i/vr(4 to 15ln/vr).Comspondln~ 

of the average linea7 
130cm/yr 

51 In/vr). 
Specific-pollutants may not 

.ccssarlly travel at the same rate 
the fluid in which they are 

:trained. Actually, the vadose zone 
3y attenuate certain pollutants to 
t- point that theycouldbeewciuded 

pollution sources. Runnells 
9761 demonstrated that soil from 
rlfur Spring. New Mexico. has an 
mmiouscapaclty toremovecopper 
)rn copper mill wastewater. The 
lditlonal observation that copper 
rnoval was irreversible Indicated 
.at thousands of yeam would be 
qui red  before ground water 
pproximately 100 feet deeplat the 
IC would bedTected.Thus thi  pur- 
)se of a sampling program In the 
idose zone Is to determine the 

oderdted by attenuatlon me- 
rmisms. 

The present array of tools for 
;rmitoring In the vadosezone con- 
sts of exlsting techniques from 
bled dlsclplines such as ground- 

hydrology,soU scienceand geo- .; cs. For euample; approaches 
:.reloped bysoilspeclalists forchar- 
itertzing the storage and flow of 
iil water and solutes In the root 
me of crops have been extended 
ito deeper reaches of the vadose 
one. Simllarly.  t echn iques  
nployed by hydrogeologists for 
ionitorlng ground water are used 
ir monltorlng perched ground- 
'ater regions of the vadose zone. 
.n  I ess an In t e rd  1 s c  I p I 1  n a ry 
pproach is undertaken, the task 01 
cslgning avadosezone monitoring 
rogram for a pollution source may 
e assigned to a speclalist in a par- 
Icular dlscipline. Such an Indi. 
idual may be unfamiliar with the 
mad array of altrmatlvc methods. 

The purposeofthe threeartlcles 
I this series is to provide a primer 
11 techniques forvadosezone monk 
iring. Thisartlclededswtth meth- 
4s lbrdeterminingstongeand stor- 
<e changes: the seeond will d iscus 
icthods for characterlzlng the 
rnnsrnission of liquid wastes: a n d  
l i e  third WlU cover techniques for 

ctedzingpobutant mobility. In (r article anelementary technicd 
<'\iew wtll be presented. followed b> 
dvtaiied examlnatlon OfapOpUh 

wiiiod. Finally. a catalog of corn, 
i i c n  zltemative methods wlll bc 
tlduded. mris catalog summarize: 

.lil~illty of particular pollutants, as 
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Figure 1. Crossedion through a wdow zone in an alluvial valley o! W 
western U S .  Note that the thtckness of the vadose zone changss in 
response to pumplng or recharge (cdter Ayers and Brcmson, 1973.) 

VOLUMETRIC WATEZ CONTENT, e"+ 
e vi Rvfc 811s 

Figure 2. Idealized wder content protiles in a soil for ulree dtferent times. The 
curvefort=OrepresentstheprotiledtheMant~crceappLlcQUon 
of water is stopped Redistribution of Wiltrated water occurs 5 
shown until the profile apmcuches Held capacity (t = 48 hr) (from 
Hanks and Ashcrofl. 1980) 

the prlnclples ofoperation. togethrr 
wlth major advantages and disad- 
vantagesoleach method. Approprt- 
ateliteraturecitations are included 
for those readersseeking additional 
information on each method. The 
third artlcle will demonstrate how 

~ ~~~~ ~ ~ ~~ . 

the Individual methods could be 
grouped In a premonltorlng/monl- 
toring program. 

Unlesspecified. thecanlerfluid 
associatedwlth waste transmission 
is assumed to be water. j 

G\NMR/Folt.l981.~. ~ - -33 _, . - 
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. Storage c h a n g e s  
The total stongc capaclty of the 

mdose zone'at a given site Is a 
functionofthe total thlcknessofthe 
zone and the porosity of the assocl- 

,d media As shown on Flgure 1. a e thickness of the vadose zone. 
and consequentlytheovedstorage 
c:ipaclty, CM change in mponse to 
recharge or discharge condltlons. In 
addition. the available storage 
capacity cannot be equated to an 
overall or representative pomsity 
\due  because resldual water gener- 
ally occupies =me of the storage 
space. Residual water may consti- 
t u  te water present in the pore space 
durlng deposltlon of vadose zone 
materials: water remaining following 
recesslon of thewater table: or water 
arriving by deep percolation from 
the land surface. The effect of the 
presence of residual water Is to 
diminish the total availablestorage 
capaclty of t h e d o s e  zone for liquid 
wastes. 

Infiltration of ponded water at 
the land surface Increases the vol- 
ume of water stored In the upper- 
most horizons of the vadose zone.'A 
"snapshot" of a water colitent vs. 
depth profile in a homogeneous 
medium during Infltration.such as 

.pictcd on FlQure 2. shows that e d e r  content values approach 
saturation for some distance In the 
profilebut dimlnishrapidly to initial 
values near thewettingfrontlfinfl. 
tration is eliminated or greatly re- 
d u d  (suchas bycloggingofsurface 
pores) water becomes "redistribu- 
ted" throughout theproflleaswater 
continues to move downward by 
gravity (see Figure 2). The amount 
of nuid stored above the gradually 
dtypening wetting front approaches 
talues that are greater than the 
residual value. and less than or 
equal to those corresponding to 
"field capaclty." 

appropriate equipment (e.$. 
neutmn niolsturelogger). the magnl- 
tude of the volumetric change In 
storage. LO. can be detennlned. The 
sameequipmentcanbeused toestl- 
mate the depth, D. of the wetting 
front. Knowing these values. the 
depth.d.of nuid crossing the surface 
can be calculated by the following 

I 

tu]uation: - A0 D 
100 

I:orrxtample. Ifthctkplh orpenetm- 
n ofaliquidwasteis 1M) feet.and 

tcnt Is fivr percent by volume. the 
depth of applled fluid would be 5 
feet. 

Other physlcal propertles relat- 
111g to the storageofliquid\vvastes In 

(k le niesured change in water con- 

' . ' : ~  I, .... 3 .  

water Is held more tl 
textured matertal. 

he vadose zone are: (1) the reia- 
ionshlp between water pressure 
mdwatercontent. (2) fieldcapaclty 
md (3) fillable poroslty. In an un- 
jalurated rnedlum. water is held by 
mrtous forceswlthin the pore space 
or fractured at waterpressuresless 
than atmospheric. Hanks and Ash- 
m f t  (1980) revlewed such forces 
md related potentials in detail. The 
Dotentlal related to the adsorptive 
rorces In a sol1 matrix is called the 
'matric" potential (Hanks and Ash; 
croft. 19801. The relatlonslilp be- 
tween water content and matric 
potentlal for a given material is 
depicted by a "water charactepic 
curve." Such curves are prepared In 
the laboratory from analyses of core 
sampiesordisturbed soildssamples 
using a pressure plate apparatus 
(see Rlchards. 19651 and in the ncld 
using a neutron moisture logger 
(see Bouwer. 19781. Figure 3 in- 
cludes water characteristic curves 
for \u lous  soils. Water characteris- 
tic cu res  show that as the material 
becomes unsaturated-for example 
through drainage-water content 
values steadily decrease and corre- 
sponding pressure values Increase 
negatively. As seen on Flgurc 3. 
materials of different texture have 
dllferent curves. For example. the 
curve for a clay is displaced to the 
right of that for a sand because 

?': 

. . .ci 
water Is held more tlghtly in liner' *. 0 

textured matertal. Also. dfffennt .' 
cunmwill beobtained for thesame- 
material dependingonwhetherit 1s. 
belngwetted or.dralned. 

Fleld capaci~(spec1flcrecention) 
may bedefined in a genenlsenseas 
the volume of water which a unit 
volurneofsollwlIi retainagalnst the 
force of gravIty during drainage. 
The concept of field capacity was ' 

developed many years ago by ayteul- 
turlsts concerned with quantifying 
the amount of water to apply to I n l -  
gated fields. The original premisc 
was that field capacity Is a fked 
d u e  representing the amount of 
waterstored ina  sollacertain time 
after dralnage has "essentially 
ceased." By .the same token. it Is 
usually assumed that durlng re- 
charge. (wetting)- water movement 
will not occuruntfl the.medium has 
been wetted to  field capacity. 
Although these concepts of field 
capaclty are useful in an applied. 
sense.oneshouldbeawareof'certaln 
technical llmltaifons (HllleP 1971). 

One llmltatlon is that the slm- 
plisticconcept oPfieldcapacityfails 
to account for the dynamic nature 
of soil-water movement. In partieu- 
lar. drainage does not really cease at 
neld capaclty but maycontinueat a 
slowerrate foraprolongedperlodof 
time (Hillel. 1971 1. The modernvlew 

.I 

WATER CONTENT, 0 (MASS WATER/MASS DRY SOIL) m 
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of field.capacity is that it is not a 
uniquesoil property: instead.arange 
of values 1s possible. 

The volume of water that an 
unconfined aquifer stores during a 

x"ons:and todevelopwatercon- 
ent profiles in the vadose zone 
Keys and MacCary. 197 1 ). Keys 
1967) used the neutron logging 
nethod inconjunctionwith natural 
;ammalogging todellneateperched 
;round water above a clay bed at a 
iiteon the Natiohd ReactorTesting 
jtallonlnldaho.WilsonandDeCook 
1968) examined neutron logs in a 
ransectofaccesswelisperpendlcu- 
ar to the SantaCruz River. Arizona 
.o estimate lateral flow rates in. a 
rrchinglayerduringrecharge from 
:phemeral flow events In the river. 

The neutron thermalization 
nethod is based on the prlnciple 
:hat high energy neutrons are 
+lowed down [thermalized) in their ' 
:raJectories primarily by collisions 
,vIth light atomic nuclei. especially 
!hose in hydrogen atoms, Hydrogen 
3toms are mainly present in water 
molecules within the vadose zone 
pore space. The density and radius 
ofthecloudofthermalized neutrons 
will thus be a function of the water 
content of the media and the 

t rise In water table per unit s i r -  
~ a r e a i s o l l e d t h e  fillabieoorosihr 

stnngth of the fast ncutron:source.. 
(Brakensiek. Osborrn and Rawls, 
19791.The principle ob operation of 
a neutron mOlSture lager is de- 
picted in Figure 4. Rmders inter- 
ested tntechnlcaldetaibon theprln- 
ciples of the method should consult 
r e f e r e n c e s s u c h a s S u ~ e . J a c k -  
sonand McKlrn (1980l. Bmkenstek 
Osborn and Rawis (1979). Gardner 
(1965). and van Bavel I1963). 

Instrumentation US& ta mea- 
surewatercontent by neutron ther- 
malization requires thmpfincipal 
componmts:(l) asoumoffast  neu- 
trom(2) adetectorofskowneutrons 
and131 aninsfrument todetermine 
the count tate from the detection 
equipment. These components are 
mountedwtthln acylindridprobe, 
such as that shown on Figurr 4. 
which can be lowered intoa used or 
uncased boreholeoranaccess tube. 
A common source Of fast  neutrons 
is americium-beryllium. Smaller 
unirsused byagdculturistscontain 
sources in the millicurie range 1e.g.. 
50. 100. 150mill icuri~),Rquiring 

Wuiver+ 19781.Theamountbfwat& 
placed intostorage (fiUableporosIty) 
during the rise of a water table is 
less than thecorrespondingamount 
released during drainage (specific 
yield). The difference in storage re- 
flects hysteresis caused by air  
entrapped inporesequencesduring 
the rise of the water table. 

Methods for Monitoxing 
Water Storage and Storage 
Changes in the Vadose Zone 

Determining the overall thick- 
ness of the vadose zone at  a site 

, requires measuring the depth tc 
groundwater (forwater tablecondi. 
tlons) or determining the depth tc 
the base of a confining layer fox 
artesian conditions.Techniques for 
measuring depths to water include 
electric sounders. tapes, bubbler 
techniques and neutron moisture 
logging. Changes In water levels a r e  
monitored using automatlc watei 
stage'recorders. Drillers logs or gm 
lo~?tcal logs mav also be useful ir 

erminkg th; depth to confinec 
und water. 
Methods for monitoring watei 

storage and storage changes in thc 
vadosezone include adirect method 
designated the gravimetric method 
and indirect methods such as neu 
tron moisture logging. gamma raj 
transmission.gamma rayscattering 
tensiometers. electrical resistanci 
blocks. and thermocouple psy 
chrometers. The principles. advan 
tages and disadvantages of each o 
these methods. as well as othej 
methods such ag remote sensing 
were extensively reviewed b: 
Schmugge. Jackson and McKin 
(1980). The catalog of methods. pre 
sented in the latter part of thi: 
paper. also summarizes altematlw 
methods. Onlytheneutron moistun 
loggingmethodwu bediscussed 11 
detail in this %tion. 
Neutron Moisture Logging 

Agdculturlsts haveemployed til 
Prh2lpk of neutron moderation o 
thermalization for many years ti 
measure the voltimetric water con 

ofsolis to assist in schedulln, 
igatlons. The technique has als, 
en used In water resources inves 

tigations to eStimate the specifi 
Yield O f  unconfined aquifers: i 
locateground-water tables: to dcki 
mine the porosity of water-bcdn 

BOMaARDED WITH A L P l l A  
PARTICLES FROM 
AMERICIUM, NEUTRONS 
ARE EMITTED 
AVERAGE ENERGY LOSS NEUTRON CAPTURE 
PER COLLiSIOFl l  I P R I N C I P A L  OF nwrr:rro:i) 

HYDROGEN 63% 
OXYGEN 122 

Figure 4. Equipment and principles o! neutron moistur~ iogstng (horn Keys 
and MacCary, 1971). 
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: b ., 
' .  only srdi~dl imeter  (e.& 2 Inch) 

access wells Lager unltswlth multl- 
, curie sources are used to log wells 

with larger casing. The most com- 
mon detector of slow neutrons Is 
lithiurnenriched BF3. The rclatlve 

isltlons of source and detector in e le down-hole tool are critic& [see 
viln Bavel. 1963l.Thepulseemltted 
durlngcapture lsamplifled byapre- 
ampllflerwithln the down-hole tool 
and sent through the cable to an 
above-ground meter for counting 
(see Flgure 4). or recordlng the 
output 

Access tube? for neutmn m o b  
turelog,lngarcusually constructed 
orseamlesssteeloraluminum tubes. 
Wells c=ed wlth plastic (PVC. ABS. 
etc.) may cause dlmculty In that 
hydrogen orchlorineatoms present 
In the casing may moderate the 
thermal neutrons. lnterferlng wlth 
SOU mofstureevaiuatlon.~uminum- 
cased~vellsmaydeterlontelnsallne 
SOllS. 

The lnslde diameter of wells 
should be as close as possible to the 
outsldedlameterof the probe.\Vork 
by Ralston 11967) showed that for a 
100-mc Am-& source tna  1.5lnch 
O.D. tool.watercontent couldnotbe 
accurately evaluated inwells greater 
than 4 Inches. Bmkensiek. Osbm 

d Rawls (1979) recommend that * e radial alr gap should not exceed 
0.02 inch. Thus. for largediameter 
casing I t  Is advisable to use logers 
wlth sources In the multlcurie mge .  
Careful installation of wells Is of 

critical importance In ensuring the 
accuracy of the method. As polnted 
out by McCowan and Wllllams 
(1980~,aneutmnpmbehasalarge 
sphereoflnfluencebut readingsare 
partlcularly sensltlve wlthln a nar- 
TOW refiionofsoll.perhapsonlyafew 
millimeters in thlclmess. Immedi- 
ately surrounding the well. Unfortu- 
nately. thls region Is most susceptl- 
blr l o  damage durlng constructlon. 
Unless the well Is tlghtly Installed. 
cavitles may promote the preferen. 
tial flow of water along the caslng 
wall. leadlng to erroneous results. 

As with all indirect methods. the 
neutron attenuation method r e  
q u l m  the preparationofcalibration 
curves relatlngwatercontent to the 
output signal ofsurfacecomponenh 
le.g..count ntel.CeneraUyacurve 15 
5upplIed wlth each unlt. but for the 
sake of accuracy. curves should bt 

repared for on-slte materials. Vis. 
dingun and Tandy (1972). anc 
raltensiek. Osborn and Rawl! 

(19791 discussed calibration tech 
niquc! tiidct~l.Drlefly.inlabontor, 
miibratlon the sample must be o 
homogeneous water content. struc 
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Cure. and density. and of large 
enough volume to encompass the 
sphere of Influence of the source. A 
seriesofsampleswith dlstlnct water 
mntentS must beprepared.Thesam- 
ples and a central access tube are 
placed In asultable container. Lags 
areobtained foreach sample.Output 
d u e s  of the neutron IogSer are 
then plotted agalnst water content 
values. Inasmuch as disturbed sam- 
ides are used, the callbratlon curve 
nay or may not represent fleld 
ondltions. 

One approach for fleld calibra- 
ion Is to collect sollds samples dur- 
ng (nstallaNon of access wells and 
letermlnewaterrontentsgravlrflgtri- 
ally. Immedlately after Installing 
achwell. neutron molsturelogsare 
ibtained. The logger output values 
or each depth are plotted agalnst 
he correspondlng water content 
dUW. 

25 
I 

IMY 10 

Advantages and d l j j d ~ ~ ~ & & * . ,  
oftheneutron methodaredbcusw&~: 
Indetailin thecatalogormethodsat 1 

the end ofthisartlcleOiiendvan@e L 

neutron logs may show the presence 
which must be emphasized is thit 

of Derched ground water In the 
vadose zone.'ihus assisting in posl- 
tioning monitoring wells for sam- 
pllng water in transit through the 
Mdosezone.Anotheradvantagerela- 
tlve to vadose zone monltoring near 
ponds. lagoons. and landfills Is that 
access wells can be Insttilled on the 
perlpheryofsuch facllltles. MolstuR 
logs from such wells may detect the 
horimnld spread of waste water. 
The sequence of logs shown on 
Flgure 5. obtalned In an accesweli 
near a recharge pit. cxempllfy 
perched ground-water development 
Thls.example shows that neutron 
moisture logging In perlpheral 
arcesswellscorlldbeusedasanalter- 

lJATER CONTENT (VOL./VOL.) X 
25 & 

JUIlC 3 JULY 2 SCPT 30 OCT 21 sa 
tid 
C" 

! 
! 

Figure 5. Sequence o! water content proiiles obtahed In the vadose zone 
durlng pit rechargo Studies naas Tucson. Arizona. 
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ive monttoring .technique for 
'?oiindments In lieu of sampling 

rhodsexciuded by the Hawdous 
s w  and Consolidated Perinit 
juiations. An important disad- 

eofneutron moistureiogging 
water may move through a & subsurface horizon without 

.sing a change in storage IHiiiei. 
$01. in thls case. a neutron log 
~ i c i  not In~ifrStwatermovement 

Zalog of Methods for 
mitoring Water Content in 
? Vadose Zone 
Table i constitutes a catalog of 
ninon methods whlch have been 
could he used for monitoring 
ttlr content in the vadose zone. 
r emphasis is on methods pos- 
ly tisefui in deeper regions. Re- 
rlr sensing approaches are 
,iuded brcause their focus is on 
diow regions. For an excellent 
lew of wmote sensing methods 
d others. including those In 
ole 1 .  the reader should.consult 
hmugge. Jackson and McKIm 
Mol. 
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Table 1. Catalog of Metho& for Monitoring Water Content in the Vadpse Zone 

Method Principle Advantages Disadvantages References 
1 .  Gravlmelrlc Coresamplesarcobtalned 

rrom the =dose zone u9- 
ing tubesamp!cls l o r shd  
low depths and hollow 
stern augerplusmrcsam- 
pllng lor greater depths. A 
mrc sample 1s welghtd. 
oven dried at IOSC for 24 
hours.and rewelghed.The 
water content 1s deter- 
rrilned by dllfFrcnce In 
welght. Results expressed 
on a dry welght or volume 
basls. The dlfferenct In 
water content values of 
sumssiw smplcs repre- 
senls change In storage. 

b. Carblde method Aneld mcthod.Salldssam- 
ples are placed In a con- 
Wner wllh calclum car- 
bide.The calclurn carblde 
reacts with water. relcns- 
1ngagas.Thegasprrsuure. 
reglstercd on a gage, Is 
mnvcrted Into water con- 
tent onadlywclght basis. 

Oven drying 
1. A dlrect method. 1. Alargenumberofrepli. Gardnerll465). 
2. The rnosl accurate cate samples ax! required lilllrl 11971). 
oravailable methods. for each depth Increment Schrnugge. Jackson 
3. Slmpie. Inecessllatlng several and Mcfflrn 11980). 

holes1 lo account for spa- 
tlal varlabillty or water 
hoidlng propertles. Oyborn and Rawlpi 
2. mpenslveirlargentim- 119793. 
bers o l  Samples are  rc- 
qulred. 
3. Adculrucllrcmcthad- 
Le.. addltlonal measure- 
nienls cannot beobtalned 
at the Same s l t~s .  

Reynolds 11970a. 
1970b). Bmkenslek. 

1. More rapld than 1. Maynotbeasaccunte 
oven diylng. as oven drying 
2 lnitlalcapltallnvest- 2. Olher dlsadvanlages 
men1 Is lower than Tor are the same as for oven 
own drying. drylng. 
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. htCthod 

;(',,IT011 IllulJlurr 
gging lneutron 
ratter method1 

camma ray 
allenuallon. 
i~ Transrnision 

method. 

b. $catterlng 
method. 

- .2 Principle 

A sourn of high energy 
neutrons (e.& amemlum- 
terylltuml In a down-hole 
tool Is lowered Into an 
ace% well. Water in the 
d o s e  zone slows down 
the last neutrons. which 
mcapturcd byndetector 
In the tool. Counts arc 
measured by a surface 
scaler, ratemeter. or re. 
mrder. Counts arc con- 
verted Into volumetric 
watermntent byanappm- 
priateullbration relation. 
shlp. Successive rcadlngs 
show tempodchangaln  
waterstongeat successive 
depths. 

n v o  parallel w e b  installed 
at p m l s t  d l s l anm apart 
arerequlred.Apmbrwlth 
a gamma photon mum 
Ieg.ceslum 137llslowe~d 
1nonewell.Arcond probe 
withadetectorle.& sodlum 
Iodide rlntillation cmtall 
Isloweredat thesamerate 
In the sffond wcU. Acr+s- 
sorles include a hlgh-volt- 
age supply. nmpllfler. 
scaler. timer. spectrum 
analyzer. pulse helghl 
analyzcr and photornultl- 
plter tube. The de&= to 
whlch a beam of monoen- 
ergetlc gamma rays Is 
altcnuated dependson the 
bulk density and water 
content. Assurnlng that 
thc bulk denslty nmalns 
constanl. changcs be- 
ween readlngs reflects 
changes In water contenl. 

Aslngkpmbelsuscd.con- 
wnlng  a gamma source 
and a detector. scparaled 
by a lead shleld. Gamma 
rays beamed Into thc sur- 
mundlng medla arc a b  
sorbed by the solid media 
and water. Backwattered 
rays are detected and mea- 
sured. Knowtng the dry 
bulk density or the media 
the water content un be 
ca lcu la ted .  Requl res  
cmplrlcal  callbratlon 
CUVCS. 

1. Rapid. 
2 An in-situ mclhod. 
3 Canbemnductedin 
cased oruncased holes 
(for d e t y  In unstable 
material sh6Uld Install 
c~slngl. 
4. Can be Interlaced 
wlth wrtable data cob 
lectidn system. 
5. Successlvemadlngs 
a re  obtalncd In the 
same prollle a t  the 
same neld locallon. 
6. Canbeusnltolmte 
perched ground-water 
zones. {.e,, valuable for 
p i  tlonlng monltodng 
wells for sampllng 
perched ground water. 

1. A rapid. In-sltu 
method. 
2 Waterconlentlsob- 
talned In a narrow 
beam-depth-wlse 
measunment a n  be 
oblJlnedarclweasone 
inch apart. 
3 Measurements cyl 
beohtalned wtthln one 
Inch of surface. 
4. NondeslnIctlvc and 
successive mensure. 
ments are abtalned at 
same kations. 
5. Can be Interlaced 
with portable data cob 
lection system 

I .  Expenslvc. rcqulring 
the purchaw or lease of 
equlpment. 
2. Water content Is mea- 
surcdlnasphcre.Cannot 
relate results exactly to a 
speaflc depth. 
3. Fast neut rons  a re  
moderated by other mn- 
stltuents besides hydro 
gen in water. eg.. chlortne 
orbcron.Accuracy maybe 
alTWted. 
4. Durlng lnstalllng of 
a c e s  wells.cncksorcavl. 
ties mny be forrntd  US. 
ing leakage along the 0s- 
ing wd. 
5. An hdtrect method re- 
qulrlng callbratlon Call. 
bratlon Is a dlmcult pro- 
cedure. 
6. Accurate readlngs arc 
not posslblewlthln6 h o l  
%It surface. 
7. Cannot be uscd to Infer 
water movement in re- 
g lons  where s to rage  
changes do not occur. 

1. Rapid. 
2 NondalNclfW.!4th 
successive measurc- 
ments obtalned a i  
same depth. 
3. In contrast to the 
transmission method . 
only one access well is 
required. Rcadlngscan 
be obtalned at great 
depth In mdose zone. 

1, Llmltcd to shaliaw 
depths becauseofdlmcul- 
ties in installtngpreclsely 

In rocky mater(al. 
2. lnstabllltlcs In count 
nte may m u r .  
3. Expenslw. 
4. Changes In bulkdensity 
In shrlnklng-swelilng 
malerlal alTects accurary 
ofwatercontent madlnpp. 
5. Varlallonsln walerwa- 
tent and bulk denslty 
w u r  in stratfilcd soiis. 
6. Care must be taken In 
hnndl lng  radloactlve 
SOUrCe. 

parallel wr1l.j. partlcularty 

Reterrnocs 

Holmes. Taylor and 
Rlchards ( 1967). 
BaVcl(19631. Key3 
and M a c C q  l1971l. 
McCowan and 
Willlams 119801. 
Schrnuge. Jackson 
and McKtm 119801, 
Wilson L 1980). Hll ld  
I1971). Brakenslek. 
Osborn and Rawls 
119791. Visvalingum -. andTandy < 19721. 

Bdcenslek Osborn 
and Fbwls 119791. 
Cardner i 19651. 
Rouwer and Jackson 
119741. Heglnato and 
van Bavel(l9641. 
Reglnato and Jackson 
(19711, Schmug@ 
Jackson and Mcfflm 
(19801. 

1. Requires n source of Keysand MacCary 
hlgher strength than  (l97ll.Brakensick. 
tmsmls1on method. Osborn an6 Pawls 
2 Nota5accurateaImns. (19791. Paetzold 
mlslon method because (1979). 
water content measured 
Insphereandnolabeam. 
3. Eupensive. 
4. Charrg~tnhutkdenslty 
in shrinklng. sweiilng 
material changes call- 
bratlons. 



4. Tcnsioinetcn A Iensiomctcr conslab of 
a porous cenmlc cup cc 
mented to rlgid plastic 
tube. contalnlng small 
diamctcr tubing leading 
to a surface reservoir of 
rnercu,ry.Altematcwlulon 

. uses strain gage trans- 
d u m  In lleu of mercury 
manometer.Thebody tub- 
tng Is nUn! Wth water. 

uumwlth porn In exterfor 
rnedlum. Watermow Into 
or out of body t u b  until 
equllibrlum Is 'reached. 
Measured water pressure 
reflects corresoondlne 

pores CUP rorm contin- 

pressure can be d a t e d  to 
water content 

1. Pmvldeconllnuuus. 
Inplaarnnsurernenls 
of water content 
2 Succcsslwmwure 
menb are obtalned. 
3. Inexpensive and 
simple. 
4. Ttanulucerunllsre- 
spond falrly npldly lo 
water content changes. 

I. Unitstillat thrawcntiy 

generally about 4.8 atma. 
M ~ U C  or thc mramic cup. 

spheres: 
2 Results arc subJect to 
hysteresis. that Is. differ- 
ent results are obWned 
for wertlng vs. drying 
media 
3. lfpropermntact is not 
made between cup and  
medla units will not oper- 
ate properly. . .. 
4. Sensitive to tempcra- 
turc change. 
5. Dlfllcult to install at 
great depth in vadoxzone. . I  

Brakenslek. Osbom 
and Pawls 11979). 
Holmes. Taylor 
Rtchards 11967). 
Blanch1 119671. 
Galmn and H a d a s  
11973). Schmugge. 
Jackson and McKlm 
11980).Wilson119gO). 
Odcsford 11978). 

5. Electrlulmlstance Blocks consht of elec- I .  Can be Interfaced 
blocks trodes embedded In por- wlth portable data coi- 

ous materlal lpiasler of lectlon system. 
parls. nylon. cloth. nber- 2 Can be used at all 
glass). Water content of water pressures less 
blocks chnngc wvith water Iliun.0.8nlmosphcrrs. 
content of SOIL Electrical 3. Gwsum blocks are -,. ~~ 

pmixnlesofbloclwchmge ineqxnslvc. 
Wth changing watcr con- 
lrnr Elcclrlcnl pmpcnlrv 

4. h i s l o n  IY good. 

are measured- uslng a 
meter. Callbratlon curves 
must be obtalned. 

6. Thermocouple 
psychrometers/ 
hygmmeten 

A psychrometer unlt con- 
slstsofapomusbulbwllh 
a chamber In which the 

' rclatlve humtdlty of the 
extcrlormedia issamolcd: 

1. I n 4 t u  pressure 
measurements are p o ~  
slbledown todOatma. 
sphem.permlttlng the 
determination ofwalcr . ~ .  

a wnsltlvc thcrmocoupie. 
a heat slnk.relercnmdec. 
trodr. a i d  electrld clr. 
culliy. The unlt operates 
on theprlnclple that arela- 
tlonshlp exlsts between 
soil water potenllal and 
relatlve humldlty. lWo 
typesarcnv;lliable. thewct 
bulb type and the dew 
point type. Bolh types rely 
on cooling of the thermc- 
couplejuncllon bythcPcl- 
tlcr cffcct. In the wet bulb 
type. when the tempen- 
lure of the Junction is re- 
duced below thedew point 
cwllne Is dlront1nued.h 
condeiscd water cvalmr- 
ales. the tempenlurc In- 
crc i~=m toamblent. Simal 
from the junctlon ai.thc 
temperatureplatmu i spm 
portland ton!lntiw humld- 
Ity. In lhe dew polnt type. 
the temperature at Junc- 
tion is held constant at 
dew point. The Ihermo- 
, mupleslgnal cumpond:, 
to dew polnt depmslon. 

contentsin theveiydiy 
mge. 
2 Permltscontlnuous 
recording of pressures 
land walermntents) at 
the same depth. 
3. Can be interfaced 
with portableorremote 
datlcollectton splems. 
4. Some units have 
k e n  installed to great 
depth (down to 300 
fecll. 

I. Subject lo hyslemfs. 
2. May be dlmcult to In- 
stall at great depth in 
vadosezoneand malntaln 
good conlact. 
3. Requlrcsdlbntlon lor 
each textural type In 

4. Lack of insensltlvity In 
wet range. 
5. Sensltlvltytosoilsalln- 
Ityley~pt @psumblocksl. 
6. Gypsurn blocks deled. 
orate badly In certaln 
rnedla. 
7. Callbratlon curves of 
some unitsshlftwlthtlme. 
8. Time lag In responx. 

pmnie. 

Rralunslek Osbm 
and Rawls (1979). 
Holmes. Taylor and 
Richards 119671. 

Schmuggc Jackson 
and McKlm 11980). 
GaJmn and Hadas 
11973). 

I. Rc-ulrs arc subject to 
hpteresls. 
2 Good conlacl between 
bulb and  surroundlng 
mcdla may bc dimcult to 
obtain. 
3. Provldeplnt measure- 
menls only. 
4. May be d l ~ c u l t  to o b  
laln accurate calibration 
curves for decp regions of 
the vadose zone. 
5. Fragile. requlrlnggrr.lt 
care In instahtlon. 

Pawlins and Dalton 
(1967). Merrill and 
AaWlins 11972). 
Enneld. Hsleh and 
Warrlck (19731. 
Schrnuge. Jackson 
and McKlm 11980). 
Hanks and Ashcroft 
11980).Brlscoe11979). 
Campbell. CampMl 
and W o w  (1973). 



. . .  * .  
.and t& to Ihe relative 
humidity. Dlrerent meth- 
ods are required for lhe 
hvn lypm.Tiie dew point 
rnelhod is mure a~Um1e. 
Cnlibmtloncun~ relating 
rclatiw humldlw lo water 

' I  

- % 

. .  

. .  potential a re  ;cquircd. 
Water potcntlal and water 
c o n t e n t  a r e  r e l a t ed  
through a chamcleristic 
c u m  lor each material. 

!rat dissipation Heat dissipation senwn 
ciisor opcmle on the principle 

that the temperature grd- 
diem to dlsslpate a glven 
amount ofheat inapomus 
medium of low conductiv- 
ity Is related IO water con- 
tent. In practlce. Ihe water 
cuntenl of a soil can be 
measured by applylng a 
heat sourre at a central 
point wlthln the Sensor 
and rneosuring the tern. 
pzmtureriwat thatpolnt. 
Calibration curves or 
matrtc ootentlal y9. tern. 

1. Simple. 
2. May be Interfaced 
wl th adata acquisi tion 
system for remote CUI- 
Iection of data. 
3. Measurements are 
Indepndentofsalt mn. 
tent ofsoil. 
4. Calibration appeam 
to remaln constant. 
5. Can be u u d  to mea- 
sure soli tempcmture 
aswvcllasmatric polen- 
lid. 
6. Uieful for measur- 
he %mer contents In 

pcratu;e dlffcrcnce sw th;'dry range. 
obtalnrd uslnga prcsurc 
pl;ne uppimtuj with sally 
frnm the sitc. The mnlric 
prt~iitinl IS rel3lrd lowater 
contcnt by prcpnrlng il 
\vatcrchmclcrisllccum, 
Commercid scns~m con. 
slst ofa  nilnlaturelicnler. 
ieiiipenturc setison and 
circuitry. cmbdded 111 a 
cyllndrinl pomuscrnmlc 
block within a smJ11.dr;un. 
cicr WC tube. and a lead 
c1ble. 

1. Subject to hyrlemis In Phcnc Hoffman and 
the water chzyacteristic P a w h s  l1971al. 
2 Calibration is requlrcd .Phene Pawlins and 
formchchangeln texturn. H b r h a n  (1971bl. 
3. May be dimcult to in- Schmugge, Jacksan 
skillatdepthin thebad- and McRm 11980). 
zone and malnlaln good 
contact between the sen- 
sor and medium. 
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In this section of a three-part article, the author discusses methods for characterizing 
the transrnlssion of llauld wastes In the vadose zone. 

L. G. Wilson 

Monltoringwithin un%iturated/ 
.uratedreglonsin thevadosezone 
ove a princlpal aquifer affords an 
iriy warning" of subsurface pol- 
ant movement from waste dis- 
~sltes.lncludedamongthesites 
concern are llquld Impound- 
:nts. spoil piles. sanitary landfills. 
igated fields and land treatment 
:as. A vadose zone monitoring 
,gram for a waste dlsposnl site 
?eraUy Includes pmmonltoring 
d actlve monitoring phases. In 
nerd. the monitortng methods 
joclated with these phases are 
ed to characterize the following 
pee propeities during wastewater 
wmcnt in the vadose zone: stor- 
a and changes in storage, the 
msmlssion of liquid wastes and 

m y  ofpresent monitoring 

ed for related disclplines such as 
il sc1ence:hydrogeology and gco- 
vslcs. lndlviduals responsible for 
iose zone monitoring at  waste 
jposa! sites may be famillarwlth 
2 techniques in their own dlsci- 
ne but perhaps not wlth those in 
atedd1sciplines.The three papers 
this series constitute an elemen- 
ry exposltlon of methods for 
dose zone monltoring. The first 
tick In this serles (Fall 1981 
V M R .  vo. 1. no. 31 relates to 
Ithods formonitoringstorageand 
'rage changesduring Ilquid move- 
a1: this. the second. deals with 
~tliodsforcharacterizing the trans- 
isslon of Ilquid wastes. A third 
clclewvill present methodsfor mon- 
r ing the niovementsofpallutants. 

ammission of Liquid 
astes in the Vadose Zone 

obllity of pollutants. 0. s t  iods includes techniques devel- 

The ralionaleformonitoringflow 
thcvadosezonels tochancterlze 

flux and velocity of wastewater 
< transit to a water table. Flux 
steivater is defined as the 

imtily of fluid crossing a unit 
r':~ per unit time. Velocity is the 
tc of transit of wastewater. in- 
rinatlon on flux is useful In pre- 
cling the quantity of wastewaler 

a 

lnterceptlng the water table. Esti- 
mates of velocity can be used to 
calculate travel tlme of wastes 
thmugh the vadose zone. For an 
active or abandoned slte. estimates 
of veloclty and travel time will Indl- 
a t e  whether or not pollutants have' 
already reached the'water table. 
Estlmates of travel tlme obtained at 
a new or proposed si te will establish 
bounds on the avallabie time for 
initlaring remedial measures in Case 
of faliureoflinersor other protective 
measures. , 

The threestages ofliquid trans- 
mission in thevadosezoneare Infil- 
tration. percolation and recharge. 
Defined generally. infiltration 1s the 
process of water movement across 
thelandsurface into theunderlying 
soil. Infiltrationlosses incanalsand 
impoundments are generally de- 
scribed as "seepage" lows.  Percola- 
tion [often referred to as "deep per- 
colation") refers to the movement of 
water through flow conducting 
channels (e&. pores, fractures and 
solutioncavitleslln thevadosezone. 
Flnally, recharge consists of liquid 
movement Into the ground-water 
zone. Recharge rates equal deep per- 
colation mtes in the vicinity of the 
water table. Consequently, thls ar- 
ticle will focus on the first two pro- 
cesses, inflitration and percolation. 

Only a brief review of the tech- 
nlcal elements of the infiltration 
and deep percolation processes 19 
included in this artlcle. For addl- 
tional information the interested 
reader Is referred to recent texts by 
Hanks and Ashcroft 119801. Hillel 
(1980a). and Hillel (1980bl. 

Infiltration 
Hillel (1980bl prefers the term 

"inilltrabillty" to inflitration capac- 
ity" to describe the infiltratlon flux 
when water is applled continuously 
in a thin film at Ihe soil surface. If  
water is ponded above the soil sur- 
face such that the pressure at the 
water-soil interface is  greater than 
atmospheric. the infiltration rate 
exceeds the infiltrability IHillel. 
1980bl. In contrast ifwater Isapplied 
slowly at thesurface. the Infiltration 
ratewlllbeless thanLheinnltrability. 

When infiltratlon occurs into a 
ky soil the intake rate is lnttblly 
;ovemed by strong suction forces 
.xithin the soil proflie. Later, as the 
x-ofile becomes wetted to greater 
md greater depths. the suction 
Gdlents diminish and gravity be- 
:omes the predominant force In 
promotlng downward flow. Even- 
tually. the rateapproaches astmdy- 
state value. appmxlmately equal to 
the saturated hydraulic cunductiv- 
Ity, if the profile is homogeneous 
IHillel. 1980b). Factors SdfCCting the 
innltrablllty or a soil (and thus the 
potential amount of pollutants 
entering the vadose zone) include 
soil texture. s o i l  structure, initial 
water content. presence of shallow 
impeding layers or water tables. 
water tempemtures. entrapped and 
confined alr. biological activity. en- 
trained sediment and salinity of 
applled water. Each of these factors 
is worthyofan extensivediscussion. 
which Is not possible here. One 
factor which should be singled out. 
however. is soil structure. In partlc- 
ular,asoilwithlargecncl~between 
soil blocks will have higher intake 
rates than expected on the basis of 
sull texture alone. A problem with a 
well-structuredsoll is thatpollutants 
pass quickly into the vadose zone 
without the ameliorative effects of 
s o i l  filtration. The reader should 
consult Hillel (1980b) far details on 
the other factors. 

Percolation 
Technically. percolation ofwaste- 

water beneath a surface disposal 
facility can be subdivided into two 
Interrelated stages: I11 percolatlon 
in a profileduring the initial stages 
of the infiltration process. when the 
Infiltration rate approaches the 
"steadystate" Infiltrability and (2) 
percoiatlon in the pronlewhenelther 
the infiltration process has ceased 
or has been affected by the clogging 
of surface pores. In the first stage 
the proflie may be more or less a t  
saluratlon above the wetting front 
The infiltration and percolatlon 
rates approximatelyequal the satu- 
rated hydraulic conductivity. In the 
second stage dhafnage occurs from 

GV&lR/Wlntw1902 - 34 



T ,. , .  , i .  I.. "%$z ... ;. 4 ' ' upperrrgionsoItheplaiiIe~~~ugh ~ 

or into the lower regions and the 

Hillel Il980b) differentiated be- 
hveenddnage fmmapmfllewvetted 
throughout and overiying a shallow 

ater table. and drainage for a 
wetted profile overlying a deep. 
mainly unsaturated vadose zone. In 
the first case. drainage occurs 
throughout theentire proflle. in the 
second case the upper part of the 
proflle drains while the initially dry 
underlying material becomeswetted. 
That is. water becomes redistributed 
in the pronIe.Asuccession ofwater 
content profiles obtained during 
redistributionwould show thegrad- 
ualverticaldisplacement and"smear- 
ing out" of a water content bulge. 
The process of redistribution is ef- 
fected by two principal mechanisms: 
suction gradients between wet and 
dry matertal andgravitational grad- 
ients. . 

nvo important factors decting 
percolation rates of llquid waste 
beneath a surface disposal facility 

permeabilityofvadosesedimenta 
and the presence of flow impeding 
layers. The permeability of granular 
vadose-zone layers is related to the 
grain-size distribution and to the 
degree of sorting of associated sedi- 

ents. Ingened, permeabtlitiesare 

in poorly-sorted material. parttcu- 
lady when the predominant grain 
size is coarse. 

The horizontal permeability of 
vadose zone sediments is generally 
greater than the vertical permeabil- 
ity. Consequently, the presence of 
flow-impeding layers in the vadose 
zone, such as clay lenses. causes 
water to flow preferentially in the 
horizontal direction within the ma- 
terial above the impedinglayer.Ver- 
tical percolation ratesaredecreased 
commensurately. The resultant 
saturated water body is called 
perched ground water. if the imped- 
ing layer is shallow. perched ground 
water may merge w!th surface water 
musing a reduction in inflitration 
rates. 

, pereolation rate diminishes. 

E 

.m grater  in well-sorted material than 

1979) 
bllner 
hould 
)r details. Of the algebraic empir- 
:al equations'for describing infil- 
ration, Brakensiek (19791 recom- 
Tended th6GreenandAmpt ( 191 1) 
quation and the Philip 11969) two- 
m e t e r  equation. 
As presented by Bouwer (19781 

he Green and Ampt equation is 
nrltten 

ri = ~ H t v  + b- hm (1) 
L( 

{here Vi = infiltration rate 
K = hydraulic con2ltictiv- 

H, = depth of water above 

h,, = critical pressurebead 
' of soil for wetting 

L., = depthofwettingfront 

Braltensiek (19791 ltemizedpar- 
meter estimation procedures for 
he Green and Ampt equation. 

The fundamental relationships 
Iecriblngpercolation in thevadose 
:one are D a r j s  equation and the 
:quation of continuity. Ground- 
vater hydrologists are farniliarwi th 
,he following form of Darcy's equa- 
.ion describing one-dimensional, 
aturated flow: 

ity of wetted zone 

soil 

J. = -K dx ( 2 )  
dz 

5 
I( 

Y . , 

= *"+ *z 

whereJ = flux 
IC($& hydraulic conduc 

lty as a function ot 
water conOcnt 0 

*m = ' mawc potential 
& = gravitational pote 

Note that in this expression the.7 
hvdraulicconductivfty isa function 4 
olrnatrlcpotential. IaboratoIy tech- $8 
niques are available for obtaininga *+d 
KM) vs. q~~ calibration c u m  using *g 
core samples. Such curves show$ 
that as the matric potential in--$ 
creases negatively the hydraulic :G 
conductivity diminishes. Diffemtzq 
curves will be obtained for different$& 
textured media, as depicted on..-" -3 

tial 
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&e 1. Because thewatercontent 
ependent on the matrlc pressure 
the media. the hydraullc con- 
,thdty is also a function of water 
!tent. Thus equation (34 can be 

' t ten as follows: 

@!31 % (3bl 
dZ 

A consequence of the K(0) vs. 0 
iiionsliip is thatacertahamount 
icrcolating water may need to be 
led to storage before flow rates 
tiiiie s1gnificant.h described by 
ins and Warrick ( 1970). "...for an 
ialiydrysoii. thewatercontent of 
soil must first be increased to a 
4 LO accommodate the Input rate 
>re any water reaches the water 
le." 
As espressed in equation 3. J is 
Dnrclan velocity. J is a macro- 

pic quantity because the cross 
lional area of flow includez both 
cis and voids. A more representa- 
, dcplction of veloclty would ex- 
:le solids from the flow path and 
mint for thewatercontentofthe 

.I spacw. Consequently, an al- 
native form of Ducy's equation 
..insaturated media Is: 

(41 

ere V is the average linear velocity 
t-rm and Cherry, 19791.Theaver- - linear veloclty Is also a macro- 
!pic quantity and the actual flow 
,)cityin the tortuousintertwining 
,ore sequences is of greater mag- 
11cie. 
Fur vertical percolatlon. the equa- 
n of continuity ls written as 
. o w  (Hanks and Ashcroft. 19801: 
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Equation (6) I s  frequently called . Richards equation. 

Rlodcling techniques are avail- 
IC lorprcdictingseepageanddeep 
rcvlalion. The rcsults of a mod- 
IIL: effort olien provide an inslght 

lbsurface flow patternsat the 
?I slle. and facilitate predict- 9 ;r icarrival timesofwastesat the 

lier t:ible. The elfeet ofalternative 
undary conditions, such as liner 
iciiiiess and penneabllity. on flow 
t it'riis and vciocitycan be studied. 

Generally. however, flow models 
require good definition of such 
vadose zone properties as textural 
layering: Ilm - 8, K - 8. and K - $," 
relationships: poroslty and grain- 
size distributlon. information on 
the physical and-hydraulic proper- 
ties of liners and surface impedlng 
layers are also required. 

King and Lambert (19761 devel- 
oped a model for predicting percol- 
ation beneath agricultural flelds. 
Two llnlted computer programs are 
used. The root zone model uses 
rainfall (or Irrlgation) and temper- 
aturedata todetermine theamount 
or water leaving the root zone. The 
deep seepage model simulates deep, 
percolation movement through the 
vadose zone. 

More complex models are re- 
quired to characterize seepage and 
deep percolation from canals and 
lmpoundmentsbecause the subsur- 
face flow system is two- or three- 
dlmenslonal. Bouwer (19781 and 
Kraatz (19771 summarized exlsting 
models descrtbing steady state and 
transient seepage losses from lined 
and unlined canals. Stephens and 
Siegei( 198llpresented anexcellent - n 

.... -. . modehg seepage and vadose zone 

Among the methods reviewed by 
Stephens and Siege1 (1981) Is that 
of McWhorter and Nelson (1978. 
1979 and 1980). who developed a 
simple numerical technique for 
characterizing seepage histories in 
lined ponds which initially overlay 
unsaturated vadose zones. 

Field Methods for 
Determining the Rate ;f 
Water Movement in the 
Vadose Zone 
Infilkrxiion 

A review of alternative methods 
fordetermlning intale rates ofliquid 
wastes in Impoundments and land- 
spreading operations is  included in - the catalog of methods. Infiltro- 
metersand testbasins. twocommon 
techniques for measurlnglong-term 
infiltration rates at landspreading 
sltes.aredescribed in moredetailin 
this setion. 

Infiltrometers may be either the 
slngle-ring or double-ring type (Fig- 
ure 21. In the double-ring inflltro- 

flow from lined impoundments. . .. 

I Gogelnuex 

- Engtnear's Scale 

- Welding Rod 

HOOlC 
W d e r  Surface Bullet Pond 

lave1 

F l w e  2. Intake cylinder and appurtenances a! a double ring Intiltramster. 
, during use [afler U.S. Environmental Protection Agency et ol(1977)]. . ' 
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:, ' me;ermethod.ametalcylinderfrom 
6 to 14 inches in dlameter is driven 
toadepthof6inchesintothesoilat 

' the test site. A larger ring. ranglng 
from 16 to 30 inches in diameter. is 
placed concentrically around the 
inaller ring.The arcawlthin Inner 

rateofrecessionofwaterlevel In the 
inner ring is measuredvlaahookor ' 

polnt gage. 
By keeping the outer region 

ilooded. flow in the inner region is 
restricted mainly to the vertical 
direction. \Vastewater to be used 
during the full-scale disposal opera- 
tion should be used during infll- 
trometertests. Becauseofthespatial 
variability of soil properties. an in- 
ordinate number of ring tests may 
be required to ensure that results 
are within a certain percentage of 
"true" mean values. Even with care, 
however,eqerlence hasshown that 
double-rlng infiltmmekrs tend to 
overestimate the true infiltration 
rate because of the divergence of 
flow due to shallow impeding layen 
and unsaturated flow (Bouwer. 
1978). Bouwer recommended using 
a single large cyllnder, in lieu of a 
double-rlng infiltmmeter. to oflset 
the problem of divergence from 

A superior alternative to infll- 
trorneters is to install a number of 
small test basins a t  a disposal site. 
Test basins should be Iage enough 
to permit installation of the desired 
accessory facilities. Basins may be 
constructed by digging a narrow 
trench around the desired rectan- 
gular area to such a depth that 
lateral flow will be minimized. Side 
boards. possibly cover& wi th plastic 
sheeting. are placed In the trench. 
ensuring that good contact is made 
with the soil within the plot and also 
at the comers. Sumcient free-boanl 
should be allowed to permit a range 
offlooding heads. During testawater 
is metered Into the plot a t  a dis- 
charge rate such that a constant 
head is maintained. The discharge 
rate to maintain this head is the 
application rate. The infiltration 
ratesat selected timesarecalculated 
by dividing the appllcatlon rate by 
the surface area 

Alternatively. the head may be 
allowed to fall a short distance by 
shutting down the inflow, and the 
volume whlch infiltrates per unit 
irea over a measured period of time 
nay be converted to infiltration 
rates. 

As with innitrometers. the same 
water Yourre to be used during the 
artual operatioii should be applied 
during the tests. The efkct of such 
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.i and outer rings are flooded and the 

.unsat rirated flow. 

' 

.; 

!muentonsurfaCe inta!&i3tes(e.$. 
iy clogging1 may be .mdily euam- 
ned. Similarly. the effect of unfav- 
lrable evchangeabie sodlum per- 
:entages and electrolyte concentra- 
ions on the hydraulic cunductivity 
an be quantified. 

Because of the spatial variability 
~ f s o i l  properties, even on Supposedly 
iomogeneous areas. it IS recom- 
nendcd thatanumberoftestbaslnsb 
ie located on the proposed waste 
iisposal site. Another problem with 
,est basins is that shallow lmpedlng 
ayers may promote lateral move- 
nent ofwater in preference to truly 
rertical now. Lateral flow rates gen- 
:rally exceed vertical rates. Hence. 
neasured intake rates tend to over- 
:sumate the intake rata of alarger 
iisposal area 

If the technique for applying 
wastewater to the disposal site is 
iprinkler irrigation. it is recom- 
nended that infiltration tests be 
mnducted usingrainfall simulatoru. 
such units are described by Ber- 
:rand (1965). Sidle (1979) and 
Iiarmon (19791. 

In conducting infiltration trials, 
2 record should be kept of the intake 
rate as a function to time. Plottingol 
the results will produce an expon- 
mtial relationship between intake 
md time. The resultant c u ~ : w i l l  
asymptotically approach a final 
value. specifically that of the satur- 
ated hydraulic conductlLlty. 

Deep Percolation 
Alternative methods of estimat- 

ingdeeppercolation ofliquid wastes 
in the vadose zone afe summarized 
In thccatalogofmethods.Except for 
nowmeters. the methods listed in 
the catalog are based either on the 
equation ofcontinuity or on D a r j s  
flux equation. Thus, the water bud- 
get methods are essentiallyapplica- 
tions of the equation of continulty. 
Themethodsbaxdon Darcy'sequa- 
tion provide information forsolvlng 
the nux equation. such as values of 
in-situ hydraullc gradients 2nd 
hydraulic conductivity. However, 
some methods use sirnplifying 
assumptions for solving the flux 
equation, for example. assurntng 
that hydraullc gradlents are unity. 
The largest group of methods are 
aimed at estimating values for the 
hydraulic conductivity. and several 
methods estimate saturated k val- 
ues.even though the flowisbasically 
unsaturated. The premise is that 
overcstirnation of flu and veloclty 
provides a margin oferror for avoid- 
ing ground-water pollutlori. Several 
of the methods assume that now Is 

. .  

Two methodsforestimatingd 
xmolationwillbediscused in m 

areas. To use equation (7 

age velocity would be 0.54 c d h r .  
An alternative. simple approach 

forestirnatingdeep pemlation from 
large spreading areas and extensive 

ceeded forasuffici 
that deep percola 

O B  

Several of the field techniques 
described in thecatalogofmethods 
coulc! he used to estimate hydraulic 
conductivity values. which are 
needed to solve for the numerator in 
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"u.ttton [el. It Ahould be noted. 
w e v x  that these methods gen- 
illy provide values for the satur- 
.d hydraulic conductivity, result- 
.: in  an overestimation of the 
I.. qpondlng J and v dues . .  In 

n. because unsaturated hy- (3t II  IC conductivity [K(01] values - log-normally distributed. a large 
mber of rnensunmentv are re- 
ired to obtaln reliable estimates 
mean values (Wamiclc and Niel- 
I. 1980). In contrast. water con- 
11 IO1 values are normally dlstri- 
led and fewer tneasurementsare 
piired to ensure accuracy. Sim- 
rly. long-termsurface Intake rates. 
'an he obtained with reasonably 
ad accuracy. Consequently, rather 
an attempting to measure hy- 
mlic conductivity values.Warriclc 
*rsonal communication. 19811 
;ommendedsubsUtuUngI forJ in 
uatlon (81 so that: 

(91 

Both terms on the right hand 

side can be measured with reason- 
ably good accuracy. Again. for thls 
relationship to hold, seepage must 
have approached steady state. 

To exemplify the use of thls 
equation, suppose that the long- 
term intake rateofapond isone foot 
per day. and that the prevaillng 
water content of the vadose zone Is 
20 percent. Therefore the average 
velocity would be 5 feet per day. If 
the water table 1s 200 feet below 
ground surface, the travel tlme of 
fluids would be 40 days. 

Catalog of Methods 
A catalog of methods for cstl- 

mating flow rates of wastewater in 
thevadosezone Is included as'rable 
1. For convenience, the catalog is 
divided into three sections. respec- 
tively describing methods for esti- 
lnatlng infiltration at the land sur- 
face, flux In the vadose zone and 
velocity in the vadose zone. The 
principle ofthealternatlve methods 
Is brieflydescribed. followed by alist 
of important advantages and dis- 
advantages. A list of references is 

Figurs 3. Hypothetical water content 
protlles obtained durlngthe 
draining profile method, 

Included for the reader interested in 
an in-depth discussion of each 
method. 

able 1. Catalog of Methods for Monitoring or Estimating Flux of Wastewakr in the 
VadoseZone 

Method Principles . Advantages Disndvanwges Rrferences 

5 U l f X t -  
a lmpoundmenfs 

ll)\Vater budget Entalls soivlng lor the 
method seepage component of the 

water budget equatlon. 
mat IS: 
innow - outnow = A AS. 

Where SL= swpage 10% 
I =innowrmmali 

SOUrreS 
P = preclpltatlon 
D = dlrharge 
E = emporatlon 
.S = stomge 

Measurements 011. P, D. E. 
AS are requlnd: requlring 
flumes. mIngages. empor- 
atlon pan. and stallgages 
or water stage recorders. 
Callbntlon c u m  or table 
01 head M. surface area Is 

Dy shuttlng down all In- 
flows to a .  pond ,and all 
dlscharges from a pond, 
the water iewl wlll ~ W d e  
prlmarlly as a result of 
innlintion. That IS all the 
components 01 the water 
budget eqiiatlon am set 
q u o l  to zem except lor 
Inrlllratlon. evaporation 
and chanee In storage. 
hlnisuring A S  for u short 
tlme prnvldes a  due lor 
lnflltntlon rate [neglect- 
lng emporotlonl. 

SI.= I l f  PI- iD+ El+ AS. 

required. 

(111 Ingtantanwus 
role nielhud 

1. Awrage$ Intake m e  1.Time consuming and Bouwer (1978). 
for the entlre surface expenslw. 
area 01 the pond 2.Erromlnmgsuremenls 
lsldn and bottom). or ailxllt;uy parametem 

2.Measurernents do affect accurJcy fn esti- 
not Interfere wlth matlngwpage. 
normal plt opntlon. 

1.Slmple and Inrxpen- 
SlVC. 

2.Errols In measuring 
auxlilary compori- 
enls d o  no1 enter 
Info calculatloris 

3. Estimates average 
Intake rate lor entlre 
S U ~ J C C  or ~( I IXI .  

I.May cause lnconvenl- 
ence to pond operator. 

'2.Thc measured Instan- 
taneous rate does not 
account forme fluctua- 
tions caused by fluctua- 
tions In Innow and out- 
flow components. 
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b. Land kotment 
areas and 
irrigated nei& 
Ill Water budget 

method 

1111 InNtmmcten 

equatcd to the outnow uslne several men- both s l d s  and bottom 

Bouwc~119781. Dunm , 
and kopold 119781. . 
Durgey and Luthln 
119561;. US. 
Etivlmumenlal P m  
tectlom Agency, US. 

An lnnltmmeterisanopen 
ended cylinder drlven Into 
thegmund.Tneamount or 
water added to malntain 
a consmil hmd In the 
cylinder Is equated to in- 
flltratlon rate. Qpes In- 
dude slnglrring and dou- 
ble-ring inNtmmeters In 
double-rlng type both the 
oLiter and Inner annular 
arras .are llwded ostens 
ibiy to mlnlmlze diverg- 
ence In now Imm Inner 
aralnWvmcasurcments 
aretakeninthelnnerarea 

1. Simple I.Prnvldr, point masure-  
2. Inexpensive ments ody. 
3. Portable Z.&cause ci  spatial mi- 

ablllty In sail pmpertles 
a large nunber or wad- 
lngsrequired toesLimate 
"werage" rnnltntion. 

3.Shallow. Pow impding 
layers drm mdts. 

4.Dlrergence In subsur- 

of unsaturated now 
IBouwer recommends 
using si@. large cylln- 
der to m:nlmlzr this 
problem). 

5. Leakage abng side walls 
may c a v y  anomalously 
high mtes 

ram now CCUTS ~ U S C  

11111 Test basins 

fmm thc cylinder when suriKg dcvlces as polntsl. 
pressure heads lnsldeand wlth wdler budgct. 2.0perator will nccd to 
outside the cylinder are sMm underrvilter to In- 
equal. .I)rpes Include: the stall unit3 In bottom 

USBR =page meter and 
the Bouwer-Rlce seepage 
meter. 

SCS seepage meter. the or pond. 

- .  

See ImpoundmenkWater See Impoundments: See Impundmcnkwater 
budget mcthod.lnilowand water budget method budget m e r h d  
outllow from fields arc 
mensuredby0umeswelra 
etc. Evnpontlon equatcd 
to that fmmafrezsurfam 

largc basins (e.& 20 feet 
by 20 reetl arc const ruc trd 
at %vend locations In a 
neld. The basins am n o d -  
ed and Intake rates are 

I.Pmndcs mow repre- 
xnla1l~'rlnlake ntes 
than Inflltmmeten- 
results can be used 
to design full-scale 

measured. Results are re- Drolects. 
htcd to "avenge" Intakc 2,'Slhiplc. 
n le  fur the neld. 1mcw;lter 

sized operatlonssliould be 
u r d  dunng 1estlng.1 

MUW tolr: uwd ror r w  

2. Flux In the badox 
zone. 
a.\Vaterbudgetwlth Thc water budget method 

soil moisture of  Thornthwal te  a n d  
accounting. Mather 119571 Is applied 

to a given soll depth 1u.g. 
m t  zone or an 1dg;iled 
nvid: rind soil cover on a 
landl~lll. lnnow compon- 
ents Include ra1nr;lll and 
Irrlgatlon. Outflow corn- 
puiients inrliidc runofr, 
a~~potrasplratlon.dmln- 
age. and deep prrcolallon 
Inwl. Change In storage 

a 

1. Expenslrc 
2. Time consuming. 
3.Maybedlflculttotwns- 

port water to sites. 
4.Shaliow I m s ~  or Ilne 

material ~ 1 1 1  alfect re- 
sults by causing diver 
gence ofhw.  

5.Spatlal viutabllltyln soil 
pmpertlaaJTectsresults, 

1.EstImates flvx for 1. Errors In mmsulpmmt 
entire x c a  and not or est!rna:!on or cam. 
only points. ponents =cumidate In 

are avnllable to slm- 
p1lfyc;flrulatlons 1c.g. 
WATBUC. Willmolt. 
19771. 

2.Computer programs cstimates of nm. 

U S .  Environmental 
PmtecUon Agency. 
US. C q s  of En& 
neem. mnd U S  Depart- 
ment oiAgrlculture 
lL9771. 

Thornlhwnlte and 
Mather (19571. 
Wlllmott 11977). 
Mather and 
Hudrlquua 11978). 
Fenn. Planley and 
DcCearc 119751. 
Jensen 119731. 



b. Methods relylng 
on water content 
measurements 
1c.g.. d d n i n g  pro- 
file methods). 

J--I z as -dz 
o at 

c. Methad q u l r i n g  
measurements of 

gradients 
hydraulic 

d. Method based on 
assumption that 
hydraullc gradi- 
ents are unlly. 

equals  water content  
chanyrlndepthofinterest 
RUK equated to known in- 
now and outflow mmpon- 
ents and AS. Evapotmn- 
Spiratlon maybe mostdif- 
ncult component to mea- 
sure (see Jensen. 1973 for 
alternatisz methods). 

Rux Is related to water 
mntent chnngm In agivcn 
depth of Uie vadose zone. 
The relatlonshlp bebvwrrn 
flux and water content Is 
rxpresed a3 fouou*s: 

Where J = flux. 8 = water 
mntent,z= depthand t= 
t h e .  IThIs method 1s 
actudiy a pronk-speainc 
w t c r  budget wlth all t e r n  
except Ilux and storage 
change set equol to zero]. 
Water content change are 
mecuurcd by neutron loy- 
glng. tenslometers. mlst- 
ance blmks and psychm 
meten 

Thc method Is based on 
solving Dai-cy's equation 
for unsaturated flow. 
J= K(0I I 
where K W  designates that 
hydraulic conductlvily 1s 
afuncllon ofwatercontent 
8: 1 = hydraulic gradtent. 
Hydraullc gradients are 
measured by lnstalllng 
tenslometers. blocks or 
psychmmcterxCallbnUon 
curves are required to 
relate negative pressure 
measurements to water 
mnlcnt.and watercontent 
to unsaturated hydraullc 
conductlvlty. Separate 
curves are required for 
mch textunl change. 

Saineasabovcexcept that 
unit hydraullcgmdlent 1s 
assumed so that J = K (01. 
Only one pressure meas- 
urlng unit Is requlred 
at each depth of Interest 
to pcrmlt cstlmatlng 0 
from a pressure v5. water 
cuntentcun.e. KIO) Is ffitl- 
matcd from a separate 
a n - .  (Foramorecomplex 
verslonofthlsmethod scr 
Nlrlsen. Biggar and Erh. 
1973.1 An altcmatlve a p  
proach Is to use the rela- 
tlonshipJ= K (6.1, whlch 
rcqutrev a c u m  showlng 
the changes In hydraullc 
mnductlWty wlth mattic 
potentlal I6d. Bouma. 
LWccrandVencnwnl19741 
descrlbed the so-called 
"cmst test" lor preparlng 
a K(0I $5. c u m .  This 
fleld procediin: is cwrled 
out oncyllndrlcalcolunins 

~ "... 
,... . 

Advantages ' Dlsadvnntages R c f - .  , 

. .  

1, Simple. I.Errors In measuring Llbardl et al. (19801. 
2.Compnred to meth- devicesnlfect result$. Nlelren. Blggnrand 

ods relylng on data 2Spatlalvariabllltylnsoll Erh 11973). Warrick 
for hydmullc gradl- hydraulic propenley rc- -'and Amoozegar-Fard 
ents.a large number qulrmthatalargenum- 119801. Eouwerand 
ofmeasurementscan berofmeasuremenffibe Jackson (19741. 
be obtained with obtalned to obmln an Wllsonl19801. 
mlnlma! cost and 'nverage"value. 

4.May not be sultable for 
niearurementsuslng measurlng .nux below 
slmple mcthods Is lmpoundmcnts orland- 
rnorc amenable to flus becaux of dlmcul- 
stntlstld analyses. tlesln Ir]stallingrneasur- 

Ing unlts. 

labor needs 3.COStty.. 
3.A large number of 

1. Awry precise 1, More complex t h a n  LaRue. Nlelsen and 
method. methods using water Hagan (1'3681. Bouwer 

content values. and Jackson (1974). 
2. Results are subject to 

hysteresis In thecallbra- 
tion cti~yes. 

3. Expenslve to install the 
requisite number of 
uni ts  lor statlstical 

4.May not be sultable for 
ponds or lnndfllls 

5,Gencrally restrlcted to 
shallow depths in the 
vadose zone. 

Wllson ( 19801. 

. nnnlyses. 

1. Simpler and less 1,Assumptlon of unit  hy- Nlelspn. Blggarand 
ehpnslwthanineth- drdullc gradlents may Erh 119731. Eouiver 
ods requiting grad- fall. parilcularly In lay- and Jackson (19741. 
lents. ercd media Warrlcic and Amwee. 

2.Results arc subjet  to gaPFard I1980l.and 
hqsteresls Lncallhratlon BOuma Baker and 
curves. Venneman ( 19741. 

3.May not be sultable for 
ponds or i andnk  

4.More complex t h a n  
methods mqulnng soil 
molsture evaluation. 

5.Large number of unlffi 
req1iired t ~ ~ f f s e ~ s p a t ~ a l  
mrlablllly in soil prop  
ertles. 

. .  
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nlethcd ' 

e. Flowmcters 

1. hlcthods Lused on 
estlrnatfngor 
measuring hy- 
draulic conductiv- 
ity. IC 
111 Iaboratoiy 

method% 
la11 Permea- 

meters 

lccl Cata- 
I U ~  or 
hj'draullc 
pmmr- 
ties. 

;'mcipcs 

construct.4 in a test pit 
Enchmlumnlslnvtrunrent. 
ed with a tensiometer. a 
ring inflltrometer. and 
gypurn-sand crusts. A 
YXIW of crusts are u=d 
during diITerent runs to . I m p w . e ~ n $ r r s i s t n n ~  
to now. During each run. 
lnflltratlon rates and ten- 
siometer d u e s  are mon- 
itored. 

Flux is measured directly 
usiug nowmeters. Prlnci- 
ples of two available types 
arc as follows: ( I I  direct 
flow measurement using 
a s e n s l t h  now transducer. 
and (21 flow Is related to 
movement ofa heat pulse 
in water moving in% por- 
OUY cup buricd In the soil. 
Calibration curves are N- 
q u i d  for second type. 

The premise of these 
methods IS that IflC valries 
arc avuilable the flux can 

1.Do not require in- 
.formallon on hy- 
draulic conductivity 
or hydraulic gradi- 
cntr  

38 I GWRMntef 1982 

values because of 
stntificnllons. 

hydraulic gridients a; 
unlty,and that Darcy'slaw 
is valld. 
Cylindrlcalcoresofmdose 1. Simple 
conesedimentsareplaced 2. Maybeused tndctcr- 
in tight ntting metal or mlne variations in K 
plastic cylinders. Water is 
applied to the cores and 
outflow is mrtcml. The 
head oi water applied to 
cores may be either con- 
stant head or falling. 
Appropriate equations are 
solved to delermine K. 
knowing head values. ap- 
plication ratesand dimen- 
slons of the container. 
Primarily for saluratcd IC 

Grain-&e dlstrlbutlon 
curves are obtalned for 
samples of vadose zone 
material. The hydraullc 
mnciuctivfty is calculated 
from equations which ac- 
munt fora representative 
Wn-sizediameter orfrom 
thesprcnd in thegndatlon 
cunv. Primarily Tor satur- 
ated I(. 

Acatalogofhydnulic pro- 
purtles of soils. pirpared 
by Mualem 119761 is cow 
stilted fur snll types slm. 
ilar to vadose zone sed!. 
ments. Uoth.wturatedund 
unsaturated K vxlnes are 
rvportvd. 

1.A T r v l  CUI" mrlliod 
if other data arc un- 
available. 

2. May bc used to estl- 
mate relative varia- 
tions. in Kbecauseof 
stratillcallon. 

I .  Simple. 
2,Aqiiick meihd.  
3.Maybcusedtontlm- 

mate relatlve varla- 
tionsinKbecauscof 
stratiflcntlon. 

4. Inexpensive-provl. 
drd that gmln.slrr 
data are available. 

I.Disturbnnce olsolt dur- 
Ing Installation niay ai. 

2. Con\ergencr.'dlveergence 
problems arise in the 

3.Limited range of soil 
types and fluxes. 

4.Calibration p r d u r e s  
arc lnliuus. 

SAppllcabillty to deeper 
regions of the vadose 
zone Is questionable. 

r s t  r e ~ ~ i t s .  

.. , flow field. 

I.Expensi'.'e i f  a large 
number oi m p k s  are 
~Cpircd.  

ZAccuncy of method is 
questionable becauseof 
WJI crrrnB, 

3. Not an in.situ method- 
results nil1 be affected 
by spatial vartabiilty of 
hydraulic propenies in 
vadose zone. 

I.Arcurac? Is questton- 
able. 

2.A disturbed merhod- 
results maynot be rcprc- 
sentative of in .si tu 
values. 

3. Espmsir? if  grain.size 
values are uminilable. 

4. Requires trained per-' 
sonnel. 

Car). (19?31. Dirksen 
(1974al. Dirksen 
(1974bl. 

Bourver 119781. F w e  
and Chcrry11978). 

Freeze and C h e w  
L 147Y I and references 
therein. 

Mualem (19761 



* 1111 Field methods. 
lax1 Shallow 

methods 

for meas- 
urlngsat- 
urnted K 
In the 
absence 
ofawater 
table. 

Inn21 Instantan 
mus proflle 
method. 

lbbl Deeper 
methods. 

(bbl I USBR sfngle 
well method. 

A portion of the soil zone 
is brought to saturation 
and saturated K Is estl- 
mated for the flow sptem 
thus created. Appropriate 
measurements and equa- 
tions are uscrl to solve for 
K. Alternatlve methods 
Indude:( I lpumpln meth. 
od. I21 alr-entry permea- 
meters. (31 lnflltratlon 
gradient method. and I41 
double tube method. 

The bash of thls method 
Is the Richards equatlon 
m t t e n  as follows: 

In practlce. a sol1 plot In 
the region of Interest Is 
Instrumented wfth a bat- 
tery of tenslometers. with 
indlvtdual units terminat- 
lng at depths of interest. 
for measurlng water pres- 
s u m :  and with an a c m s  
tube iormolsturelogglng 
The sol1 Is wetted to sat- 
uration throughout the 
study depth. Wettlng Is 
stoppedond thcuudace 19 
covered toprewntevapor- 
atlon. Water pressure and 
water content measure- 
mentsart obtalneddurlng 
drainage. Culves 014% M. z 
and 0 M. t3re prepared. 
Slopes of the curves at the 
dep1hsofinlerest.ue used 
to solve for K(8l. Values of 
KIBI at varying times can 
be used to prepare KlB1 y9. 

0 and Kl&J M. & cuwes: 
Ifor a delalled description 
of the method. lncludlng 
step by step procedures. 
see Bauma. Dalcer and 
Vcneman. 19741. 

Water is pumped Into a 
borchole a t  a steady rate 
such thata unlfonriwater 

1.Each method has i ls  
~ ownad\anh#s-& 

BouwerandJackson 
119741.' 

Lklcthod can be used 
In stratified 5011s. 

2.Slmple. 
3. Reasonablyaccurate. 

at least at each mea- 
surlng slte 

1.May be used to estl- 
I .mate K a t  great 

depths In vadose 
level 1s malnWnrd In a 
basal test section. %tu- 
rated K 1s estlmated from 
appropriate curves and 
uqualions. knowing dlmen- 
slons of the hole and inlet , 
pipes. length in contxt  
with formallon. helght of 
water above base of bare 
hole. depth to watcr table. 
and Intake mte at steady 
state. Two wypes of tests: 
(11 open.encl castng tcsts. 
In u'hlch water flows only 
out oftheend oftheoslng. 
and I21 open-hole tcsts. in 
whlch water nows out uf 
sides and bottom. 

zone. 
2.Apronle of K values 

may be obtalned. 

1.Each method has  Its EmuwerandJackson 
.. owndisadvantages-see 119741. 

Bouwer and Jackson 
(19741. 

2. &cause of nlr entrap 
ment during tests com- 
plete saturatlon Is no1 
posslble. Measured K 
mluluesmaybe llaactual 
d u e s  ISOuwer. 19781. , 

3.Several of the methods 
arebasedontheassump 
(Ion that now Lscntlrely - 
Vectld-a fal%premi= 

. 

l.Providm hydnullc con. B o u r n  W c r M d  
ducuvlty values only for 
draining profiles. Be- 
uuseofhystcresls.thee 
duei+.re not rcpt"tt- 
atlve or the hydraulic 
conductl\ttydunngwel- 
llng cycles. 

2.Bccause of spatid \an. 
abilitiesln soilhydnulic 
propertles. a l q c  num. 
berofslies n i u s t ~ ~ u s d  
to obtaln mean\dutsof 
hydraultc conductnit).. 

3.Tlrnc consumlng and 

Vcneman 119741. 

reI:IIIPuIy cxpcnsi\.c. 

1.Solutlon mvt!iods a . ~  U.S. B u m u  of 
based on ussumpllon Rixlmatlon 119771. 
that flow n-jilon Is en- 
t l rc lyuturr t t rdl isur-  
face lhmryl-lhls 1s no1 
1TuC. 

2. As a consqucncror I ,  K 
Is undr.res1linaltd. 

3 E.rpenslwandiimrcon- 
sirmlng. 

4. Requlrrsskillrdpcrson- 
nrl tn  conduci tests. 

GWMRMnter 1982 , 39 



~ lbb21USBR 
multiple well 
method. 

(bb31 Slcphens- 
Neuman 
single well 
method. 

(bb41 N r  per- 
rneabillty 
method. 

3.VelocIly 111 Iiie 
vadose zone. 
a. Tmcem 

b. Calculation uslng 
nu.. vauus 

J v =  - 
e 

Used 1oestlmnteK In vlcln- 
ity olwidwpmd lenseuof 
slowlypermcablo malerid. 
An intake wcll and series 
01 piezometers are in- 
stalled. Water Is pumped 
into well at a steady rate 
mid lilter lewls are men. 
sured In piezometers. A p  
pmprintecumand equa- 
tlons are used to deter- 
mine K 
Stephens and Neumnn 
(19801 developed an em. 

numerical slmulatlons 
uslng the unsaturated 
chnracterlstlcs 01 four 
sollsThatisthisapprcach 
acmunts for unsaturated 
flow. 

ptri~rrl romula based on 

N r  pressure changes are 
rnmurcd In sprrlallycon. 
strucled plnomelemdur. 
Ing barometricchanges at 
the land surface. Pressure 

u'llh Infomnllon on air 
rIllcd poroslly to solve 
equations leadlng to alr 
~nneablllty.Urhclainlien~ 
berg dfect 1s small. alr 
pmmcabilfty Is convened 
to hydmullc conductl4r)r. 

respOnSe d31a U C  COUplLd 

I.Results can be uud 
to estimate l a t e d  
flowrateslnperched 
#ound.waterrcglons 

LThe lormula can bc 
used to estlmatr the 
saturated hydraulic 
conductivity 01 an 
unsaturated rjoll with 
improvd accuracy. 

2.No need to wall for 
steady slate condl- 
tlons-the nnal flow 
ratecnn bee~tlmuted 
lrom data during 
transient stage. 

LCan bc used to esti- 
mate hydraullc con- 
ductivity \ d u e s  of 
layered malerials In 
the =dose zone. 

A sultnble trnccr leg iri- 
uum.lodlde.bromide,fluor- 2.Slmple. 
ocxbonsl Is Inirodiicrd 

1.A dimrt tiieiliod. 

3.Accounrs for Row In 
Into the liquld souce. (AI- 
ternatlvely. n tracer such 
ffichloride.alrrady present 
In the source could be 
used.1 Samplesarcobtaln- 
ed from suctlon cups at 
successive depths and 
t racer  break-through 
tun-s arc prepared. 

actual pores-a c l o ~  
ermeaaureofthetnte 

4.More accurate than 
methods requirlnz 
knowledgeolcomp 
n e n t s  of Darcy's 
equatlon. 

wloclty. 

Flux values obtained by 1.lnexpenslve when 
methods described above coupled with other 
are used. together wllh mvthods. 
estimated or measured 2,Slmple. 
water content values. in 3.A "quick and dirty- 
the foliowlngrclationshlp: method lor estlmat- 

lng the travel time 
01 pollutants in the 
ri7do.w zone, whcre v = velocity, J = 

11us.and 0 , s  watercontmt 
~ i~mrs thnt I I lhyc lmul ic  
gr.itiieiitsare unily.(21 an 
nwnige watercontmf can 
be delennliied. (31 flow Is 
\vrilcal, and (41 honicigen- 
rolls me1liu. 

I .  Eqxnsltyand tlmecon- 

2.Requlres trained per- 
suming. 

sonnel. 

1.NWds field testing::' 

" 

1 . h  indirect method. 
2. Presence of acessive 

water ltmtts the uttltty 
olthc method. 

3. Expensive. 
4.Tlmc consuming. 
S.Complex-requircst~aln- 

ed personnel. 

1 . h d y s c s  of tracers may 
be expensive, 

2.0perntlon or suctlon 
samplers mayaflect na. 
tun1 flow field. leadlng 
to incormt values. 

3.111 structured medla the 
actual veloclty may be 
hlgher than measured 
beuuseolflorv Incrack  

4. I1 velocitles are slow. 
cxcesslveiy long time 
periods uill be rcqulrcd 
lor tests. 

1.Veloclryr~illlx higherln 
stmctured medla than 
that calcuhied. 

2. Methcdassiim\wtiwJ 
flow only-perching 
layers caw lateral flow. 

3.For multihyered medla 
an avrraceD and v d u e  
maybedllTinilt tooblah. 

c .. 
c 

Stephens &d 
Neuman 11980). i 

.? 

.-' 

Wcrlcs 11978). 

FrerLc and Cherry 
(19791. Frlssel.et aL 
11974). 

Bouwer ( 1980). 
Wilson (1980). 

sd 
i 

Bu 



c. Calculatlon uslng 
. ionfi'term Innl. 

tratlondata 

The long-term lnflltratlon 
m e .  I, of the faclllty Is 
assumed lo equal the 
steady state nay J in the 
badnxzone Conquently, 

v =  1 = 2 Also assumes the 11) hy- 
0 0  draullcgradlcnts am unity. 

121 average water content 
= 0. (31 now Iswrtlcal.and 
(4) homagcneous medla 

1.Slmplc. 1,Veloclty will be hlgher Bouwer(l9801. 
2.Probabiysatlsrac!ory 111 slructurrd medla Warrick 11981). 

~9 n n t  estlmate of than dcuiated. 
Veioclty. 2. r~Irthcdassumeuvertlcal 

3. ineupenslw. Uowoniy.Perchlnglaycn 
U U J e  l u t e d  now. 

.. 3. For multilayered media 
an nvcragc 0 and v may 
be dlffltult lo obtaln. 

.. ... 
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' ' :.4'able2. Cpmmon Forms o f l a o l i d  Corrosion .. . .' . .:. ,! . .  . '.', ..: ' I  ,- ./ :,.. ,. 
;Type ' , .< .  . - 2  ..( Description 

',.Pitting Gjmsiun .  . I .*. ' . '. .:Fomation.of sk~llow dqrss ions  or deep 

Corrosion accelerated by residual stresses 

t . .  , ' .  . .. 

. .  .s - .  . .' pits (czvities of small diaFeter). 
S?ress Corrosion Cracking 

1 , ~ ~ ' , ~ '  . .  . <i . , , .  . I .  . '; . .  ' - ' 
' . .,; . I  . I 

Con!act or ~ r & e  Corrosion 
. . . , . .  

i ..., * I  

..: .,. ' 

Intergranular Corrosion 
. .  . . .  

niateri:il tnay appear as either general or localized cor- 
rosion. If viewed without niLgnification, general coiro- 
sion appears :is a rdatively uniform loss of surface ma- 
terial. Localizcrl corroiinn rcsolts i;i a nun-uniform loss 
of :n:itkri;i! frLiiil iix corroded %t:ucttire. Typs ,,,f Iu~il: 
?zed corrosion :ire described brifly in Table 1. 
Fxtors  Infhiencirig Corrosion. There are numemus fiic- 
furs that can influrnce thc prrsen:c slid rates ti€ inlernal 
and e>ternnl corrosion in both aboveground and undcr- 
grourid storage tanks and piping systems.. The inore 
promincnt of these factors are listedfn Table3,nnd 
highlighted k i  Figures 1 throiigli 5. 

Poor /nsfa//alion 

Poor iiist:illatioii 6f underiround s t s r q e  system com- 
ponents'is a!so a coninion cnuse of leaks. Structurnl 
damage tu tanksor piping during handling and installa- 
tion can lead tolrdk prohleins nftcr thc material is in 
place. Foicxninpls, scratchcs on the surface of a coiited 
stecl [:ink can result in accelcr;ited localized cdrrosiou 
after the tank is ploced in thc gruuiid. 
'- Impropci liedding, hwkfilling. or  anclioring c:y also: 

lead to leak prohlcms. For exainple:Fipure 6sliows sev- 
ern1 fihcr~l;iss-reinhrrccd r:ilstic (FRP) t;in.ks which 
cracked or ruplursd becausc they were not properly 
supported by their backfill. Figure 7 shows'a steel tank 

-which was'not properly ancliored i i i  :in area whew thc 
groundwatcr tahle tviis closc to the siirfacc. As a result, 
when the tank \\'as empty or iiciir empty, it was floiited 
tu the surface Iiy the gruundw;itc'r. 

. . Improper conrieition of stwiige system' components' 
can a h  lcad tu Icak prhhlems.. I'iping joints which Eril . over time bccnusc'of improper conncction, and fittings 
.which loosen oyer rime because they 'wcre improperty . 
inrtallcd. arc goiid ex:iniplcs. 

Poor Opzraling Practices 
Poor opcriiting practiccs cnn alsu lcad to le:tk or spill 

problems. The bcs1 cuiimplesofsiich practiccs are ovkr-, 
filling of tanks during liquid trnnrfw operxtioris, and 
puncturing nf tiinks v i t h  d ipt icks  during iiiveritor? 
nlezsurements. 

a The technology 

. .  

. 

. .  

As &derrtnndiiig oi thc C:iuscs of Iwks from uniicr-, 
ground m r a $  iy\tciiis h:a cvolwd in. recent years. 5 0  

bas the tcchnol.igy fnr adrlr&:.ing alii1 coping with t l inc 
pmt,lens Tbi: ~dlwvi t i : .  tli.;cu\iinn :imil;ible m d  dc- 
vcliipirig tcshnology~is broken dotvn into t w o  ilrciii: 
leak prctwtiiin iind ~ c i h  dctectiuii. L C J ~  pruvciitiun in: 

1 

resultingfrom fahricztion operations orun- 
e q d h r a t i n g  aild coc'.ing of the structure. 1 ' i .  

Occurs at the point uf coCfact or crevice be- 
tween a nictal and nun-mcral, or between 
txo metals. 
Seiecli-{e corrosion at  the grain boundaries 
(microscopic) oFa meta! or  a h y .  

. .  

. .  _ .  
FIQURE t 

CORDirS!ON L!.!ECHAN!SLIS 
. .  

. ,  

., FlaUR3 2 

SOIL RESIS?JVITY VS. S i I L  CORROS!VITY . 
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.i I ,  -' ii.eo1e3; I:acto;SJaluecchg Cozoslon. . . 

E!e~:tro@r Acidity. The &diq  of the-soil e.it!i 
which the marsrial ir in conhct could !me a suh- 
s tmt id  cffzct os the rate of corrosion. A<:idic 
(IOW ~.oi !s are,,as'a g a e d  iuk, n ~ t x  c6ria- 
sive than iiaxral (pi3 7) or n!kd!ne (hi:h pHs0il.c 
in the czsu of ordiiary iron aild steel. Iio;-i:i.cr, 
for iiie azpho:eric metals, such os zlumi:iurn zni: 
dcc ,  higily al:alinr soils niny lit: more c;?:rusiv$ 
than hdlic  soi!s. . . 
;'..izpcrawe. The rnre of corroiiori tends tu in- 
n;ase;;i:h rising tempsravuc.. . 
'Surface Films. O x e  corrosion has :;tarted. its 
p ; ~ ~ j i ~ s  is ofteg controlied by the nature of tlir 
.~k? tt;ttic'As oo:hhacorrod~igmeta~ Somecur- 
r o G x  pioduct3 ma:) k insaiubie and complctdy 
iq...r;iz.1s ?*3 :32 c o n ~ l ~ ~ ~ c i l u r l 0 1 3  ll:fi, t k i ?  
icre, eurr!pictely yrrotectivt.; 01- they may be very 
p E e n b i e  md t h s  a1:ow iocaiizzd or gzner:ll 
torr-sion Io proczed unbindeied. In addition, 
ckont inwms nr non-cniforz fi:m may ini1u-e 
1xaliz2d corrosion in particulGareas. 
!?xteiizl Ac+on. Tiemetabolic activity of certiiii 
nlicroorgsrkms c.m either d i r e a l y a  indirectly 
ai&= ?b- conmion of met&, Such activity cm: 

? m d w  a conosiveemiionmmt. 
0 CTGL:~ clrctrolytic concznmtion cells, leading 

trr crevice orrmion. . .  

0 .4hr m e  resistance of susace FJms. 
b M e r  the composition of thr metal's environ- 

meat: . . . 1. .. 
hilo-x= the rateof anoeic or cathodic riac- 

. tion. 
Soil I?-.is?ifity. Soil reS.;dvity is a measure of the 
rcskirancz of sbil to the flaw of elec:tic cirrrent, 
end is n rery iayortmtfwcor  in determining :he 
patentid rat& of mrrosioi: of t i ~ d q r e q ? d  ~ i p e s  
znd tm!cs.  ?he!owerther;Tistiviof theso%, the 
grzaierrli13probati~tyof cormgiao. . ' ' . 
Moiitrrrt Level. The'presence of w2ter an ais0 
piomst? corrojicn of metais. The presence of 
t~\o!ssiilre in soil5 acs to r e d w e  soil resistivity, 
thereby iicreasing the probahiiity of corrosion. 
W:!ter accc;rcla:ioninside tanks is a!s :i major 
ca'xe o:i::tCrr.z&mrrLsiim. . . .' . . 

Si! Vzriaticns. Conosion of undrrgrocnd tanks 
aid pipes wn be int'uutnced by variations in soil 
conditioos Song h s u r f a w o f  ~ i i u ~  tanls and 

.Ai$jacm~t l!zder@ukd 3'Ietd Structurs. Corro- 
sion of Ci~~+r,griun@ tanks and piping Ean also 
rwAt ic t k e ' c x  of new structur+s which nrc in- 
stalled near o:hr tanks or o ther  underground 

may hxiwr-.ised :hey could bxcme  uthodic to 
t2c nr?cr~ :anks or pipes, thereby accrierating 
c3msi;ir. i!i the n tw 5tnicni:~ts. 
S h y  Zl-*cd C u r m a .  Stray v:r.dersrour.d c.w- 
r e w  i ron  ne&y electrical facilities usin2 LC 
cxi'cot, 9.1~:: ns clectriikd rail~vzy or t;.vi%ii s y -  
t!.m, hctarics,-rg sliops, can iilJuce clstralviic 
%:onxion in undcryound tarilts ani: ~ i p .  

i .  

. ,  pipcr. . ' 

me!di ~trCC:u:zs..a~Ca~Si: tt-.: . U I ~ ~ C  Sttuctti';~S 

- 
. .  
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. .  
cludrrthe utegories.0.f equiprnentklection, insvnl!;r 
tion practices, m d  opcrathg practiccs.lca.k dctection 
includq leak and spill'mtinitoring, tightricss testing. 
.and sccundary contaiilment. 

Leak Prevention 
Equipmriit Sclection. V!e sclection of thc apprupria?t! 
type of cquipmsiit for a parliculiir application is an CJ- 

scntid first step in the prcven?ion of leaks. Iiquipiiient 
necdi include thc tank. piping and fittings, overtill prc- 
venticin de-. ices. and Lrxnsfer spill preventinn eqiiipnisiit. 

Tqws 0jSmr~7,qc 71~1rk.r. I n  tlic past; unilcrgrouid 
storag6 .:uiicsrns centered on chemical cornpatikill;? 
with the stored product, itructural strengtli of the stor- 
age system componsnls. and foundation (support) re- 
tpircnicnis. As a rcsi!!t. b31c carbon steel was .,viddy 
itseci f i r  i:iiikr~,ro:iiid itoiagc tanks. T h s c  s!ccI ;;inks 
were structurally strung, reqoired M e  i n  tlic way I): 

fodntlntion support othcr than uniform bnckfiil. and 
were compatiblc with a wide rangc of liquitls.-I-Ior~e\er. 
carbon stecl is particillnrly susceptib~e'to'corrosioii, es- 
pecially when installed in environments that are hi:tily 
conducive lo corrosion, such as moist or highly acidic 
soils., 

Recent developments in tank clesign have empha- 
.sized corrosion resistance tu iniyrove tlic perfgrinnncc 
of underground sic'razc syitems. Thc methods currently ' . 

awilahle to protect ag:iiiist corrosion include c;itliodic 

some combination of thcsc. The use of corrosion2resis- 
[ant inaterink of constructiofi has also become more 
widcsprcad. 

 coating aitil Lihings. Coatings and liningsapplicci to 
the rvnlls of tankc and piping can serve lo protCcr 
these structures f!om contact with the enviroiimcnt, : ' ' . . 

thcrcby inhibiting cor:osion. Exnmples uf csniinon ' . . 

coating and,lining nixterials are ruhber. epoxies,'sili-' 

e Cathodic .Protection. Catlio.dic protectian 'works by 
reversing the electrochemjcill action ofcorrosion. In- .. 

stead of allwsing electrons to flow away from ths 

elsctroo flow towxtl the structure is induced, tlicrc- 
by protcctinp the structure. Thcre are two basic tylirs 

- . .-.< 
.protection. protectioii coating. electrical isolition. or . . . .  

. . ' 

. .  

. .  

cones..and fiberglass reinfqrced plastic. . .  

, . 

dtr.uC[ure. (thereby p:r;iiilting currusion to occur) :in ' ' 

of cntlinilic protection. These are thc sncrifici:il :in- : , .  
ode (c'r galvanic) cathcilic protection rncthod aiiil'tlic . ' . .  

?he g;i:vanic cathodic protection mcthod emplopa 
inqirebss'd current (or electror;iutive force) method.. . . 

sxrificial anodc, such as magnesium or zinc, in clcc- 
trical contact wi1ti ihr. metal stru+rc to be prtrtcct.' 

' . ed. The inprcssed cupnt.catliodir ~~iotecliun incl!i- 
od cniploys dir'cct currcnt,providrd by an cxtertid . . ' 

source. Fiyres S a n d 9  >how thcse types ofc~~itioil ic 
' . pruteciion systems. . ,  

EIrctric;iI IsoI;ition: the iisn!e inipliis; clcrtricil 
isohtion involvcs the use of non-conductive ilidcctric , . 

. f i t c i r ip .  budIiii:\. cxmiccrions, etc; to elsctric;iIly is& 
kite nict;i: coiyundits iii ii stor:isc s?s<eni: tliix mini- . , 

mires rlir pixcnti:il f o r  t i i t  generation of electrim! 
currents hurwwn di%imil:ir in&& 
CnrrosiopHmistant, h\ln!criaIs of Construction. Cor- ', 

ro\ii.m cw :ilsii hi, conrrollcd-thriiu~li tlic w e  .ill' cor- 

. .  
. .  

' :. 

. .  
. .  
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-plastic, ;tnd liher$zss reinforced plastic coaiings. 
..Much of the tan!: equipment currently avnilablc in-: 

corpor:itcs one o r  inorc of these corrosion protection 
rncthods while remaiiiing cnmp~titile with chemic;!! and 
structural s t rcngh requirements. Esainplcs include 
preengiiicercd catliodicslly proiected steel t:tnks, fibcr- 
glass-rcinforced pl:irtic (FRP) tanks, FRI'-cl:td steel 
kinks, and double \viillcd tanks. 

Cathodicnlly Protected Tanks-The pre-eitgineered 
tanks nrc hnsicully sktndard steel tanks provided vSth 
three Iev-ls of coirosion protec:ion: cailiwi~c protec- 
tion. n protcrrive co3tin;, :ind elcctrical is i i l .h i i ,  

~ibcr~~sss-Kcinf t r ice~l  I'Lastic ?'.mks--FIIF kinks zrc 
c i ~ n r t r u ~ t ~ d  of G plastic rerin which pio+lcs cIici:iic:ii 
resistaiice. and a fiberglas mate:ial that.gives the tank 
its strttc!rimi stren;t?i. 1nrurir.S crmp:tti~:iIi~y of [hi! 

f3nk v;:itii t k  sti:xJ pioilitct i:; q t  knportitn; Co 
ation since ntinierous resins and glass milieri3ls can be 
used in ' thc fahric;irioii of FRP tJ!ih5. Fcr ex:11~1~1Ie. :in 

FI<Pt:trik siiitahle for glc;oIine stor:igr ITOY not he suit- 
nbk for wm:c of mother substance. 

FIIP-CIzd Steel Tanks-- These rmks conlhinc the 
corrosion resistance of fiberglass-r~inforced plastic and 
the strength of steel. l h e y  are constructed of an outer 
I q c r  o f  FRI'iused to an inner Iaycr of c:irbnn ~ e c 1  vi:, a 
piilyestcr.resin bond. The stccl inner :arucii~re of an 
f.IIP/steel t x t k  pz?vidcs structur;il suppcwt artd sc.rvcr 
to kcrp s:rcws e\-i:i~ly sprend. 

Douhle-Wallc~ll'ank.jThese tanks arc escntially a 
1:lnk within a t:!iik with a vacuurn or prwcrizcd SI1:icc 

between thl: inner-wdl nnd outer wall. L c ~ k s  due to in- 
ternal or  exrcmnl corrosion can bc.dctccted hy loss of 
pressure or vacuum. Common m:tteri:tls of conrtructioil 

Pipb:;; Dc.r<:n. With the focus of conccrrl on the pie- 
vention of leaks, there have also been imp:ovcmcnts in 
piping and piping system design. For esamplc. fihcr- 
plnss-reinforced plastic pipe is now widely uscd'in un- 
.dcrgroitnd pipi ~~g systems handling hydrncarhon prod- 
UCIS bemuse of its inherent flexibil,iry and its corrosion 
resistance. Expansion joints arc morc !\idel!. used to 

-prevent or reduce pipclinc strcsscs due to thcrnlal es- 
pansion and contraction; eliminate vihrntion ?nrl nnise 
in pipclitici: conipcns:itc for piping mi.;alignin~nt which 
.could othersisc result in problems; 2nd reduce the like- 
-. lihood oi i h g r  breakasz due to pipin; n!w'cnicn:. 

Swing joitits are also hecoming'niore widely i iscd to 
prnvkilc rtitational flexihility to piprlincs. And douhle- 
rvallcd pipes are alw now incre:ising i n  ~iopiikirity for 
haiidlink very hiiznrdous or toxic liqttids. 

. 

-include contcd steel nnd fiber$ass. . .  
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~ ..atanks.:These dcvices typitally seiise liquid charactcris- 

4cs;such as apacitance or tliermal conductivity, or op- 
erate based on such conimon erinciples as buoyancy, 
differential pressure, and hydrostatic head. There are 
also sensing dcvices available which operate on the 
propagation and rctlertion of light waves or sounil 
waves to detect liquid levels in a tank. Devices which 
op&te thew pTinciplcs are generally independcnt of 
product flow rate, pmsure. and ten1pw;tture. 
Transfer Spill Prevention. Spill preve? lion during trans- 
fer opcrntions can be aided by using cooplings cquippcd 
with spring loaded valves which automatically block 
flow'whcn tlic hoses arc disconnected. Tl~ese iiicludc 
quick-discotintst couplings equipped xith ball v2iyes 
and dry-disconnect couplings. Emerzency shutoff 
valves ma! also be pro:.ided in :lie product trnnsfcr line 
:u s:op flovrin cas;. OC fire. 
Instali-tioii Prnctiws. A s  stated cnr!icr, many leaks arc 
traced to mishandling of stoxgc tanks and equipment 
prior to installation, and to poor instnllation practices. 
The major areas n f c o n c ~ ~ ~  i n  underground storage in- 
std1;rlion practiccs are: 
o Pnip-r plmning and dcsign of the stor;ise facility 
o Care in handling of ail equipmcnt 
o Propcr selection of bedding and bnckfill materid 
0 ~'r~~pi!ranchorin~ of equipnxnt. 

Proper I'lnrirrbi~ mid V+VI. Many s:onge probienis 
occiir as %result of poor siie sclzrtion. Or impsopar site 
layout and dcsigi. Xicre are a nuinher of plmning i n t i  
design conceriis associsted with underground stor:igt 
installations. Table5 surnmarjles tlic niow important of 
Lhcsc concerns. 

Cure in f?mirllirig. This.% also an important considcr- 
ation in prolonging the life of an underground stor;tge 
facility. For esamp!e, although storage tanks n i t  de- 
.signed to withstand normal liandling, and to provide se- 
cure product stnrnSe. thcy must not hi droppcd;.h:in- 
dled with sh:irp objects, draggcd, or rolleif.prior t p  ;I:K 

duringinstnll. .i.ion. f' t 

.Proper Beclding onri Bactpl .  *rI:ii is particularly crit- 
bd in the case of FRP. tanks, which reccive as niucli as 

90 percent of their slrucfural support from the hirkfili 
and bedding used. Although sled structures arc IC>> de- 
pxident on bxkfill imtrrial for srructural suppurl, tlic 
use of giiod,m2tciials nnJ.adhcrcnce to sound vn;incer- 
ing prautiies ;;re ciscnti;d f o r  proper s t e d  t;ink.inst;ill:i- 
t i m ,  Consi>!.ericj in h;~ckli!l and ticildiiig n;ntcrid prcip- 
erlies,is alw <$ utmost ~i~port: incc i n  rhe ci!se of st-cl 
tanks. As nirntioned earlier. soil varixtiiys c ; ~  iict I d  
pruriiote cwrosion in steel s:ruai:rCs. 

I'rqirr .4diur i i ix  ti/ ,?qiii.oii:i:.ir: To p x c : i t  llimi- 
tion Gf [ankh duo to bu:iy;int fo;prs, v;eigiitini: or an- 
choring (if i i n c l ~ r p u i i d  .tanks i s  ncccssary under cir- 
ci:ir)ri.iores whew tlie ~~IIIIIIJ insy hccnnie satur;itc(! 
with wz!cr..such :i+ i r r  flooJp;iil;s o r  :iIc:is wkli  hiylr 

. .  
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Figure 7. Stcel tanks whish floated to thc surfucc br- 
cause they ncre not proper!y nilchiired in :III iii'e~i of 
high groundwa:er. Sourcc: New York St;~tc Dcpt of En- . ~ l i s : i m e : i i ~ I  Con>::rvnrion. , 
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Taiili Excavalion hIonitnring.Systems--?'lierc are 
scveral typzs of leak monitoring systems \shicii.may b= 
employed uairig the leak seosors or detection tech-. 
niquci descrihcd aliovc to detect leaks in oraround un- 
.dcrground tank storage areas. The typcs of systems in- 
clude the following: 
1. \Vir< grids. 
2. Observ;i!ion \scIIs. 
3. U-tuhcs. 

Wire grid systems cniploy electrical resistivity sensors 
in n wire grid located either within or  just outside the 
confitiniiient region (C.g. just inside or outside the xc-  
ondarv containment liner). 

Ohsenation wells are most commonly used in arcas 
of high groundwater, where t he  uiider ipund tank is 
likdy to he nnchor~?d in tliz p-mndyater during nt>rin.sl 
op-rxim.  An e;ca:!ij?Ic :,f an observation .5icll i x t ; i ! h -  
tio;i is sI:own in Figure 10. 

A typical U-tube installstion is shown in figure 11. 
U-tube iiionitoriiig systems :ire niost effective in arc it'^ 

of low &round\vater, where exposure IO groundwater i s  
unlikely during norninl operation. . ' , 

h e o - i v i ~ l ~ ~  Siirwilloiice hlcthfs. Arca-widc surveil- 
lance methods include thc use of monitoring v~clls and 
the use of dyes or trxcrs. T h a e  nieihm?s arc rclicd., 
upon to investigate or pinpoint the sgurce of a known 
Icak or spill. 

Dyes and 'Tr:iccrs-Dyes and tracers m;iy bc used as 
investirativc tnols to track down a sourcc of gmuiid- 
wittcr cnnt31ni~~tiaii .  The tcchiiiquc consists ol injrct- 
ing a strons dye o r  tracing material into a sturiige tank 
sospected of being the swrce of the contaniiii:i!iuii mJ. 
monitorin3 tlic point where Iiii: contamination \sns.tir.it 
discoserud for the appearance of the dyc-or trac2r. 

Monitoring Wells-Thcrc are two basic tyges or cntc- 
gorirs Of nionitoring that can be conducted using moni- 
torin8 \wlls. l'hesc are: 
1. Dctcctivc monitorins. .which establislies the pres- 

ence or abscncc of contniiiinnnts and the need for 
Further'nioni:oring. 

2. IntarFi-:ive monitoring, which dctermiiicr the es- 
tent of ciintiiiiiin:itiim. 

Ik rcc t ivo  nionitoring can.he cunduclcd usir!g 
contiirninnnt reti+?: deviccs.such as tliusc dwcrihcd 
uailicr. Iiitcrprctivc monitoring, on the utlrer hsnd, 
tyiiic:i!Iy ic,liiiics s:in!g>ie coltc:.tion add aniilysis. 
'J'a;tir,g of Stiirqe Systeni~ 

l ~ ~ : h ~ i i ' ~ . ~ s ' 7 i , ~ i i ~ i , r g  of 7::nks. The N;ition:d.Firc i'lotzc- 
tiiiii A w x i x t i t u i  (NF1':Sl h:i$ cst:tblishcd ths stmd;ird 
for aucur:iuy of ~ x i k  ti;:htri.:ss tests in thfir d:~iini:juri of. 
the Precision Tesr, :is higliliglited in Table7. I'hcre arc 
several tank testing tcchniques,currently.availnble. 

1. The ilci!tli htro-Ti!c (formerly Kent-hluorc) Test. 
2. '7'11~ I liii itcr (fiinil;.rly Si~iui~;irk) I.e.ik Lok:iti,r. 
3, :The llr>Iiicr L'zy Chccl, Test. 
J The J-titl~e tniynrcter  iest, 
5 .  '[he: A K : )  lJTC.:c.;t. 
6. 1'neiiiii:itic (air u r  prex.~irc) ~estiiig. 
'Tilc Erst t w  tests i r i  tliis list, rlic !leatli I'etru-Tirc test 
:inti the I e:i!i 1.0k;itcir :ire curri-ntly tlic trnly \dilr.Iy 
avai!ablc tank testing tccliniqucs t!irit iiieet thc Ni:L',\ 

.. I'hew im:!ud:: 
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-criteria of a I'reclsion Test. 
Petro-Tite Tes-Thi Yetro-Tite test, asshown in 

Figurc 12, i s  essentially ii 1iydrost;itic test thxt coriipeii- . ' '  

sates io: temFcrature, pressure and viscosity variations. 
This test is conductcd by excriirig a pressure head oil 
the %ink hy means of :L stzndpipe filled with the same 

... liquidstoied in the tank. A puinpisuxd tocirculatethe 
liquid in c>rder to produce a uniform tcmpcrntiirc 
throughout the tank. Using a thermal sensor, the tem- 
perature changes are preciselp'measured to account for 
espsnsio:i and contraction of the liquid. The volunictric 
measurenicnts, taken in the standpipc are then corrc- 
spondingly adjustcd for the changes in temperaturc. 

Leak Lokator Test-The basic equipment of the 
Leak Lokator,asshown in Figure 13, consists of a sen- 
sor, an analytica! balance, and two chart recorders. TO 
conduct the trst, t!x stnsor i? suspended froni.the ana- 
I y k i l  t & x e  : i d  ?:~rti;illy subnicrCed in thz t::ok liq- 
uid. Ah the liq?iiJ Izvcl in the tank cli:mges, tlie. buoyan- 
cy of t!ie sensor d s o  changes. This chnnge oi mass dis- 
placement n;cas:iretl by the iinalytiual balance is an in- 
dic3tion of volliri:c changes within the tank. One chart 
recorder pro\ides a perinaiient graphical representn- 
.tion of volume change versw time. 7'hc Leak Luka!or 
tes: compensate.< for temperature ,v:iriations hy rneiiiis , 
.of asensor l~xvered to tli: center of the tank that 111~3- 

s!ire~ temper;iturc continuous~y during thc test. and IC- 

coids this on the iccond cb:rrt .:ecordcr. 
Prcssiirc Tcstiug-Pressure testing, with air or othcr 

gaes. of tanks or pipiag cuntainiiig flamniable or conl- 
biistible.Iiquids is not recommend+, should not  be re- 
quired hy iegulations or ordinances, and should he dis' 
couragcd in practice. Such tesisarr: not likely to detect a 
leak 1iisti.r belox tlie liquid levcl iii tli: rank, thci.c is sc- 
vere dxige: of wusing a tank rupture, or explsiim of 
contained liquid thniiigh n&nal openings. 

Pipin: Tigii?riess Tem. The applicability of pipeline 
testis: tcchniques depends, i n  p t .  upon wbethcr the 
piping system in question insolves the use of remote 
ftypirally submcrged) pumps or suctioii pumps to deliv- 
er the tank coiitents. 

If the pump is aboveground, the product delivery 
pipe operates undcr.a suction head: and certain pump- 
ing cliara~tcrist i~s can indicate thc presence of a piping 
leak. These indications arc prcsented in Table S. In the 
cksc of a snhmdrg~d pump sys!em, 3 pipcline leak dc: 
tectqr can he used to iridicate the presence of a leak in 
the product delivery line. This device is niounted on t h e  
discharge line above the tank and operittesas llescribcd 
in Table 9: Pruduct lines can also ht: tes td  h&Nati- 
cally to detect Imks. 
Secondary Containment Technology. The control tcch- 
nology used to contain untlcrground spills and I d i s  
consist5 rif csrablishiii:; a b;irrier around the storiice 
tank 50 that iiny.Icnlicd liquid d;w G t  I~ave :(free piitti 
to escape from the storage :wa. . 

Tjyw of1.itim. The kirricr niatcri;ils th:it can putcn- 
tially hc used fur ctintiiimiiciit inuludc the fulliwing: 
1. Soil l incrs~i t l i  low pcimeiibility (e.&, clay). 
2. ..Syiithctic i:ic.ii:Iir;me linsre. 
3. Soil s%ihiirs, i.ucli ah  soil ccmcnr or hciitonitcs. 
4. Coocrcte viiuk,. 
5. Ihuble-wrillud tanks. 

. .  

. i  POLLUTION ENGINEERIPiG 

1 

Table 6. 
~perating Practices to G e n t  

1. Loadin:: and unloading'of vchicicsshould bc 
done only in approv-d localions. 

2. The driver, opcrator,'or attendant of any dz- 
livery vehicle'should not leave the vehicle un- 
attended during the loading or unloading pro- 
cess. The delivery hose. wiim attached to the 
vehicle, slioiild.be considrred to be a part of 
that vehicle. 

3 . ;~t%en transferring flanimable liquids, motors 
of delivery vehicles and motors of ::uxiliary or 
portable punps sl:ould be shut off dy ing  thc 
malting or breaking of hosz connectiocs. If 
loadng or unlonling dces rot rsquire the ESP 
05 the tlr!ivcry r s h i d t ' s  w i c i r ,  t h e  inow; 
should be shut off throughout theliquid trans- 
fer opereiinn. 

4. Labels, markings, or color codes stlould be 
used on all couplings znd hoses to prevent ac- 
cidental mixing of incompatible liquids. 

5. All traiisfcr hoses should be i q m t e d  pcriodi- 

6. Any operator of e loading or unloading oper- 
ation should be propcrly tr:tined and slwuld bc 
aware of ai! p3tcntiZ.l prolhns. 

. .Ove&lhg and other S p i b  

cdly ic1r IC&. 

TaWo 7. PreciskdI'eit ' 

Precision 'Pest, as detlned by NFPA, incans 
any tZs: that txkcs into consideration the tem- 
perature coefficient of expansion of the product 
bring tested as :elated to any temperature c h : q e  
during.thc tcst, and is capable of detecting 3 loss 
of 0.05 gal (190 ml) per hour. 

Tine key factors that,must be accounted for in a 
Precision Test Are: 

0 Temperature changes 
* Evaporation losses 
0 The presence of vapor pockets 
P Tank and piping charxttxistics 
0 Watcrbhle  ' . 

0 Tank end deflection 

- . .  
. .  

Tahle E. Siiction Line Tcstkig 

Air \sill etiter thr! piping system.if a leak exists., 

Signs of leaks include: 
a Skipping o r  juniping or tbe display rvliccls at 

d R e  pump is r.unning.biit not pornping liquid. 
(s The pump serins to orcrspee!i whcir.first 

turned ou and then slows down 3s it begins to 
pump Iiqiiid. 

o h rxtling smyd in tha pump.aiid erralic liyiiitl  
flow indicates air ;ind liqoid iiw mixed. 

the iiieter. 

. .  37 
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a n u  knvironmcnt..and tliat.ttiis base be.slopetl ro.a col- 
. xlectibn basin. 

As an exnniple' of itiventory control requircineiiu. 
blarylaiid requires the following: 
o Dai~~.nteasurenic~~rs of liquid I c v d  hr . cn t~pa~ i so i i  

with pump meter reaJiiigs niid rcccipts e:tcI~ d:iy. 
These reci~rdli sh;ill be rcliiiitcd fur uiic ycar. 

0 Loss of prodiict above norm:il.e\,npnr:itinn (prol~i~scil 
dctitiirion: 0.5% of pump mc:er readings) ~ 1 1 ~ 1 1  be re- 
ported iinmedintely. 
A s  ail  example of monitoring requirements. Florida's 

rcpulntions require that nc!k f;icili!ies 11;i~e w c  of 11ie 
iollowinf: 

a .  *\ continuous Irak detection systcm iii liet\v.een 

b. A sin.lc monitorin:, well or detector Iocatcd in :in 

. : e .  

the walls of a dotible-w;tlled tnok. 

0 
. . .  

i '. placed aruund a tank in an  cx.c;i;~:r:ion orsccuii- 
d a q  containmcot in accordancz with 111; manu- 
facturcr's requircmeiits. 

d. A r.et\sork of at lenst four moriitoring iic!!s p1:icc.d 
Froiirid a tank or tanks. 

e. A grouiidwater monitoring plan submitted to ;:nd 
approved by the department for the'poilutnnt S u r -  

I 

. 

age facility. 
f .  An approved Spill Prevention Contrcil a n d  

. .  

,I(I""L 1 0  

kN EXCA%ATION LINER USED FOR SECONDARY CONTAINYCNT 

. ,  

IN AN AREA OF LOW G?aUND~'IATER (DRY INSTALLATi?ri) 

r 



tanks. Another hi!l would amend the Comprehciisii,e 
EnCiriwnefital Response, Conpensition and 1.iahil;ty 
Act (CERCLA) to allow money from t h a t  1:iw's 

. cleanup fund to be spent on cleanirrg up leaks from un- 
derground gasolinc stor:tgc tanks. 

Conclusiori 
- The prevention 01 eiirirorimental nightm;ires :;tused 
by leaking undcrgrouhd tanks has reccntly received iri: 
creascd tittention from regu1n:ors and The regulated 
community. and ni?y become orre of the most signifi- 
cant environmental issues of the decade. Thc  gno'd 
'news IO the owners of underground tanks is th:it ttic 
C I ~ U E ~ S  of :ea13 are known and tlie technoloey to pic-. 
vcnt and detcct t h m  is reasonably well desclopcd.The 
bad news i s  :hat tlic init;illation of equipmen: t o  prcvcnt 
tramage will hc rspon$i.;c, .and the hpivinr.rit.:tion of 
' p r o p m ;  ti)  comply wirh regulatiqns may reioi: i n  ex- 
tcnri12 pi ocedurai riiodi~ic;i~ions. 1 lorvcrcr. ;I stiiiirdiy 
dcsigried. properly iniiintairtcd underground sror:igc 
sysrein cair p;iy for i w ! f  by roininrizing product h , c . ' r  

and re'ducir.p, lLiIilitie\. By usins thc inhymation in illis 
article. b!?ieic of untlrrgruund s t v r : ~ ~ ~  rys!cn:s C ~ I I  de.- 
r.c!op an ;!..vucnw< of potcnrial pnohlzmc. tlivir c:iii\cs. 
and iiwil:d>!c :cdiiwl@:ies to comply. with rc~:iil:tiitiiis 

' 

. 

as IliC). 3rv: (lc~l+ywLl. PE 
0 

. .  
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4- &\RTICL‘L.)R COSSTITUTIOXAL PROVISIOXS AS IMPOSIXG LIMIT.4- 
TIONS 

$402. Fourteenth Amendment, generally 
S 405. Due process 

$403. Obligation of contracts 
5 406. -Public contracts restricting police power 
$407. -Emergency legislation 
$ 408. Reasonable compensation for appropriatiori of private property 
$ 409. Freedoms of speech, press; religion, assembly 
3 410. Privileges and immunities provisions 
5 4 1 I .  Other provisions 

C. EXERCISE.OF POWER 

404. Equal protection 

1. GENERAL 
412. Generally 

3 413. Subjects of power 
3 414. General scope of power 
$415. Necessity that public benefit be  commensurate with private deuimmt 

2. PURPOSES‘FOR EXERCISE OF POWER, GESERALL~ 
5 416. General welfare 
5 417. Physical welfare:-public health and safety 
$ 418. Public.morals 
3 419. Public peace, good order. 2nd comfort 
S 420. Public convenience and general prosperity; economic or financial we!- 

5 421. Protection of environment or ecology 
S 4 2 .  Conservation of natural resources 
3 123. Prevention of f n u d  

fare 

3, REGUL4TION AND PROHIBITION OF OCCUPATIOSS AND BUS- 
GESSES 

a. OCCUPrtTIONS AND BUSINESSES SUBJECT TO COSTROL 
3 -124. Generally 
3 425. Lawful pursuits 
S 426. -Professions 

5 428. ->leaning of “affected .with a public interest” 
5.429. -Le,gislative andjudicial Functions in deterinining businesses included 

$425, Businesses affected with a public interest . .  

b. MODE OF R E ~ U T ~ O N  
5 430. Generally 
3 43 1. Businesses affected with a public inter& 
$ 432. Prohibitions 
9 433. Fixing terms, conditions, and restriction5 
5 434. -Restrictions to qualified persons 
5 433. -Restrictions as to place 
16 
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?j 436. -Restrictic 
5 447. -Resstrictic 
5 438. Imposing li 

x. FUNDI” 

A.. IN GE 
$439. Conscitutior 
3 440. -“Bills of 1 
$44l.,Righu2asin 
5 449. -‘‘Natural” 
8 443. Entitlement 
3 4-14. EnForcemen 
5 445. Equality o f .  
3 446. Limitations 

.B. FEDEF 
9 447: First ten am 
5 448. -Resume o 
9 449. -As protec 
$ 450. -Applicabil 
9 451. Later amem 
5 452. Fourteenth 
3 453. --Complete 
$454. S p e c i f i c  pi 
9 455. -To whom 

c. S&CI! 

. .  

1.. FIR 
a. I 

5 456. Generally 
9 457. To-whom A 
3.4%. Va!idity of 1; 
$ 459. Vagueness c 

460. Overbreadtf 
$ 461. -Procedura 
3 462. -Substanch 
(i 463. -Specific fic 

b. E 
3 464. Generally 
S 465. Nature of r i t  
§ 466, “Establishm. 
$467. :--Incidental 
S 46s. -Requirem. 
9.469. -Excessive 
S 450. -Use by re1 
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< ,i.r 
s ~ ~ .  -Restrictions as to time 

5 .ST, --Y.esrrictions as to price 
5 -1%. ImFosing liabilities 

X. FUNDAMENTAL RIGHTS AND PRIVILEGES 

A. 1.v GENERAL 
439. Constitutional guaranties, generally 

2 440. --”Bills of Rights” 
3 -141. Rights as independent of constitutions 
3 442. -“Natural” rights 
$443. Entitlement to rights 
$444. Enforcement of rights; against whom enlorceable 
$445. Equality of rights; effect of conRict 
5 446. Limitaiions on rights 

B. FEDERAL CONST1NTIOS.U. GunRwrFs, GENERULY 
$ 447, First ten amendments 
5 448. -Resume of provisions 
5 449. -As protecting unspecified fundamental rights:.“penumbra” doctrine 
$450. -Applicability to state and federal governments 
§ 45 I. Later amendments 
$ 452. Fourteenth Amendment and effect, thereof; generally 
$ 455,. -Complete or “selective” inco+oration ‘of Bill of’Rights 
$ 454. -Specific provisions of Bill ofrights as applicable to states 
$455. -To whom Fourteenth Amendment applicable 

C. SPECIFIC FUXDAMENTAL RIGHTS 

. .  

1. FIRST AXENDhiENT RIGHTS 
a. IN GEXERAL 

S 456. Generally 
9 457. To whom Amendment applies 
$45S. Validity of‘ legislation, in genera! 
5 459. \’i?gueness of legislation 
5 460. Overbreadth of legislation: generally 
9 461. -Procedural aspects of‘ doctrine 
S 462. --Substantive aspects of doctrine 
$ 463. --Specific fields of legislation 

b. RELICIDUS FREEDQM 
.5 464. Generally 
5 465. Sature of right, generally;,definition of “religion” 
5 466. ”Establishment of religion,” generally; separation of church and state 
3 467. --Incidental benefit rule 
5 -168. -Requirement of governnr5ntal neutrality 

9 4%. -Use by reiigious organizatians of civil courts 
-169. -Excessive entanglement rule 
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$ :$i 1. "Fxr cxercLe" of relisivir: gerrerally 

5 ,179. -Pe;missibie gowrnimntd rrgulativn of religious actii;itie$ 
3 .:7-[. --.Pio;ection of children 
$475. --Seli$ous beliefs as defense to critnw 
9 4 i 6 ,  Srmrling to chai!enge legislation or activitie., 
3 477.  S r ~ x  constitutions 
9 4.78. Parricular applications 
3 479. -Aid to churches, generally 
3 480. -Aid to hospitals.or other charitab!r institutions operated by religious 

S 481. ,-Education 
§ 482. -Kse of public places or property. generally 
S 483. -Distribution of religious tracts or pamphlets 
$484. --Health matters; medical treatment 
$485, -Judicial proceedings 
S 486. -Licenses and permits, generally 
5 487. --I.larriage, divorce, and other domestic relations 
5 488. ->iilitary service or instruction; conscientious objection 
3 489. -Prison inmates 
5 490. -Prisate employment or Iabor 

3 492. -Public omce o r  employment 
S 493. -Sabbath observance; Sunday closing or "blue" laws 
3 $9-$. -Tasation; esemptions 
$495. -0rher applications 

.I;?. --.!:rcidencal detriment rule 

,grOL!PS 

491. -Property matters; zoning; condemnation 

c. FXEEDOM OF SPEECH ASD PRESS 
5 496. Generally; constitutional protection 
$497. Nature, purpose, and scope of constitutional guaranties: in general 
3 498. -Freedom from prior restraint; censorship 
§ 499. -Guaranties as protecting publication, distribution, and receipr of 

material 
3 500. --Eroad or liberal construction, generally 
3 501. -J'<ho is protected 
f, 502. -i\'ho is bound 
§ 503. -Conflict with right of privacy 
9 504. --Interference with newsgathering function; access to informarion 
9 505. -Regulation of press as business: "commercial speech" 
4 506. General limitations 
9 507. Limitation by legislation, generally 
9: 508. --"Clear and present danger" 
3 509. -Rule as to advocacy of unlawful acts 
$ 510. Subject, scope and manner of speech; generally 
5 51 1. --Cnprotected utterances, gmerally 
B 512. -Obscene matter 
5 513. -1nciiement LO crime; breach of peace 
9 514. --Sriitjous, subversive, or rreasonou5 activities or utterances 

16% Am Jirr 2d 

515. -0txructio 
§ 516. -Disrespect 
9 517. Medium, pia( 
5 513. -Regulation 
§ 519. -Redat ion 

Y 

tion 
3 520. -Regulation 
5 521. Manner of re 
5 522. -Licensing 
9 523. -Taxation 
5 524- Protection as 
S 525. Freedom of 1: 

d. R 

5 526. Generally 
5 527. Xature 2nd e: 
5 528. Application o 
$529. App1icatiorr.o 
5 530. Limitation an. 
9 531. -Requiremer 
5 532. -Resuictions 

e. FP. 
(1. 

5 533. Generally; on, 
3 534. .Aspects of rig 
5 535. Assertion oEr 

(2.. 
§ 536. Generally-; prc 
5 537. Relationship F 

§ 535. Right to anon, 
5 539.. Guilt by assoc 
3 540. Forced 2nd pr 

or goals 

(3.; 
S 541. Attomeys; coo 
§ 542. -Inhibited as: 
9 543. Labor unions 
§ 544. Minority g o u i  
§ 545. Political partie 
§ 546. -Communist 
§ 547. Social clubs 
8 548. Student organi 
§ 549. Tenants; assoc 
3 550. Prison inmates 
§ 551. Other associazi 
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3 512. -Obstruction of war measures 
$ 516. -Disrespect of Hag; displaying re,d fiag 

COSSTITUTIOS.AI. L.dI$- 

k - '  

3 51'7. ?,!edium, place, or time of utterance; generally 
$316. -Regulation o r  limitation, in general 
5 519. -Regulation of particular means, or forms oF utterance o.r dissemina- 

§ 320. -Regulation of use OF particular places 
5 52 1. .\iinner of regulation or infringem.ent of rights; genera!!). 
$ 522. -Licensing 

. $ 5 2 3 .  -Taxation 
.§ 5%. Prorection as extending to silence; compelled expressiun 
3 5%. Freedom of legislative debate: parfiamentary freedom 

cion 
- 

d. RIGHT T O  .ASSEMBLE PEACMBLY ;\SD To PETITIO& GOYERS-. 
MEhT 

5 526. Generalfy 
5 525. Xarure and extent of.right 
8 528. Application of rights in civil actions 
$ 529. Application oE.rights in criminal actions 
9 530. Limitation and regulation: generally 
9 531. -Requirement of license or permit. 
§ 532. -Restrictions as to p1ace.or time 

e. FREE DO^^ aF ASSOCIATION 

5 533. Generally; origin and naiure of right 
. 5 5%. Aspects of right 

5 535 ,  Assertion of tight 

(1.) GENERXL. CONSIDERATIONS. 

D 
(2.) GOVERSIME~TAL REGUL%TION 

5 536. Generally; protection against infringement of rivht 9 by state regulation 
5 535. Relationship between state regulation and Iegaflry of associaeon's aims 

o r  goals 
§ 538. Right to anonymity or associational.pns~cy 
§ 539. Guilt by association 
§ 54.0, Forced and prohibited associations 

(3.) PARTIk~LAX &OCIATIONS 

§ 54 1. Attorneys; compelled associarion with bar groups 
8 5 - 2 .  --Inhibited associations 
$543. Labor unions 
§ 544, Nnority group organizations 
3,545, Political parties and organizations; generally 
§ 546. -Communisr or other subversive organizations 
S 5 4 i ,  Social clubs 
§ 54s. Student organizations and activities 
S 549. Tenmts; association in housing 
5 550. Prison inmates 
5 351. O:her associations 

19 



5 S&i, Rizhr to confront and cross-examine vitnesses 
$ $50. Prescribing rules of evidence 
5 $51. Presumptions and burden of proof; generally 
2 SYZ. -Creation of statutor-j presumprions, 

3. THE TRIBWAL 

853. Generally 
9 854. h‘ecessity ofjudicid tribunal, 
3 535. Requirements of fairness and impartiality 
5 856. -Pecuniary interest ofjudicid otlicer 
$857. -Protection against zrbitrav r u h ~ g s  

4. REVIEW OF DETER\LLSATlQN 

5 838. GeneraIly; rehearing or new trial 
3 859. Appeal or simiiar~ review 

XW. FYLL FAITH AND CfiEDlT 

$850. Constitutional provision, generally 
9 861. History ofproiision 
5 562. Interpretation of provision 
9 869. Operation and efFect o f  provision, generally 
5 S54. Statutes and conscitutions 2s “public acts” 
$865. Application of provision to federal statutes 
3 866. Exceptions to provision 
S 867. -Policy of forum 
$858. Application of provision to particular public acts and statutes 
5 869. When federai question arises under provision 

LX. POLICE POWER 

A. Is GENERAL 

1. Socnc~; DEF~SLTTIOSS 

5 360. Generally. 
The police power is an indispensable,” essential% an 

g 350 

v i t P  attnbure of 



sovereigntp' indeed, soriic .courts have viewed i t  as df higher status than an 
attribute of sovereignty,8' describing the power as constiaxing sosereisty,"' or 
as synonymoui with sorer&:= porver.6J In any case, i t  is clear that the power is 
a rtccessary arrribure OF every civilized government.@ 

L 

SIYX 9% an& ronrurrnrd to (Tes Civ App) 73 
SlY2d 1047; Rohn \ Salt Like City, 79 Uta5 
1'21. 3 P2d 591, 81 ALR 213; Sowma v.PaTkcr, 
112 Vt 2-11. 22 X2d 513; Re Cuern, 94 VI I ,  
110 A 224. 10 ALR 1560 Sabre v Rutland R. 
Co.. 86 VI 347, 85 A 693; Vir$inia-W'nrern 
Power Co. v Cornmonivralth. 125 Va 469, 99. 
SE 723. 9 ALR 114s. cecc den 251 US 557, 64 
L Ed 413, 40 S Cr l i Y  and (disapproved on 

(sup) ?i Dei 5 i S .  91 A j85:.Evrrgiada sugar 
8. L x d  Co. v Bryan. El Fla 75,87 $0 68, error 
dismd 257 US 667. 66 L Ed 425, 42 5 Cr 183: 
Puople Y Linde, 3-11 XU 269. .I73 S E  361, 72 
ALR 932 Chicago Y l\'ashingtonian Home of 
Chicaao, "9 UI 206, 124 NE 416, 6 ALR 
15.34: People v Johnson, 288 1U 44% 123 NE 
543, 4 ALR 153% Srare ex rel. Duensing v 
Robv. Id? Ind 168. 41 NE 145: Hrnrv Y Parr- -. 
i,h,'307 Ky 559. 211 SW?d'418; 'Bkrne v 
Xlar)+lmd Realty Co., 129 hid 202. 98 A 547: 
Sratr v Hrrnan. 98 Md 596. 57 A 6: C ~ D C  

~. ~ ._ 
Skinner Y Thdkai: 171 Pic 68. 8 i  SE 9761 
Board of Com'rs Y Puhlic Utilities Corn.. 107 
Ohio SI 442. 1 Ohio L I b r  389. 140 &'E 8i. 30 
4LR 429: Cincinnati v Harrh. 101 Ohio SI 344, 
128 N E  263, 13 ;\LR 303  Cincinnati Y Public 
Utilirirs Corn., 98 Ohio St 320. 3 Ohio L Abr 
19. 12'1 S E  688. 3 ALR 705 (ovrld a n  another 
puinr United Fuel Gas Co. Y Irontan IOi.0hm 
51 173, 1 Ohio L Ahs 881, 140 S E  884, 29 
.ALR 3421 and ( o d d  on other grounds New 
Boston Y Puhlic Utilities Corn. I08 Ohio St 
35% I Ohio L .Ab$ 882. 140 IVE 607): Sationd 
Bank ofTul5a B!dg. v Goldsmith, 204 Olda 45, 
?26 P?d 916 Smtc ex rel. Short v Rirdell, 109 
OW= 35. 253 P 684. 42 ALR 765: Ex parte 
Fowler. 35 O!da C"im M. IS4 P'td aid: ~ p p c a l  
of &'i+te, 2a7 PZ 259, 1% A 40% 33 ALR 
1215: Commonwalrh Y i'roornaa. IM Pz 306. 
30 A 217: Shealy Y Southern R. co.. 127 SC 
15. 1% SE 561; Aerna Fire Ins. Co. Y Jones. 78 
SC 445. 59 SE I4B; >lotlow Y Slate. 125 Tenn 
547. 145 SW Ii7. error dismd 239 US 653, 60 
L Ed 437. 36 S Cr 161. W i l l i a r n c  Y Swrr.  I46 

orhrr grounds Vicroria Y Victoria. Ice Light & 
Power Co. 134 Va 13-1. 114 SE. 92. 23 ALR 
562) and (disapproved on other grounds Rich- 
mond Y Virginia R & P. Co. I41 Ya 69. 126 
SE 353); Srsre ex rcl. WcbJtrr v Superior- 
Coun of King Counry. 67 Wvsh 37. 120 P 861; 
Pnger Y V'. M. Chapman & Sons Co.. I22 W 
V a  428. 9 Sr?d 8.30. 129 ALR 1114: State v 
Langlq; 5% Wyo 332,. 84 P%J 765. 

61. The police power ofthe stilie is.more than 
an actribure of sovereignty. Ir, like the power of 
taxation. is an essential. elcmenr of government. 
Stnte ex rel. Webstcr v Superior Coun of Sing 
County, 67 Wash 37. I20 P'S61. 

62.'The police power rnirhr be. drmed'sover- 
rignty n i h r r  thin a me& arrribute of sover- 
eignty. Re Cuern.  9.) Yt I ,  110 A 224, IO ALR 
I560 Sabre v Rurlsnd R. Co., 86 Vt34i .  85 A 
69% And see Cadv Y Detroit. 289 S i k h  499. 
286 NW SO5, app dismd 309 US 620.84 L Ed 
984, 60 S Cr 470. 

63. Clifton Hi115 Realty Co. Y Cincinnari. 60 
Ohio App 4-13. 12 Ohio Ops 418, 27 Ohio L 
Ahr 321. ? I  SE2d 993. 

64. Ceurin Y Lirrle Rock, 203 Ark 103. 155 
SW?d 719. 135 ALR 1305: Mclnemcy v Ervin. 
( S a )  46 So.2d 456; Easr Side Levee & Smimy 
Disr. v East St. Louis 8- C. R. Co.. 219 111 123.. 
116 S E  7 2 0  Waterrown v 3lavo. 109 Xllss 

lves v Sbuth 5. R. 

, ~~~ ~~ - - -  a - -- 
Okla 237. 292 P '841; Srxr ex ;el. Sli'orr v 
Riedell. 109 OH= 35, 235 P 654. 42 ALR 769. 
Ex parrr l'inda!I, 102 Okla 192. 229 P 125: 

30 

T h e  police 
The  states es 
possessed the  
Moreover, i r  h. 
existence OF C- 
fact!& 

8 351. Source. 
"Police poi\. 

particular right 
it is an inhere 
sovereign,? 

65. New York v SI 
Geurin v Lirrlr Roc 
719. 135 ALR 130 
4ESo ?d 4%; Peop 
NE 8iO: Queecbe r  
95 SE2d 83'2: Hmi 
137 W Va 786.73 5 

66. Geurin v Li:il 
SIY2d 719. I35 X I  
Co. v Illinnir Cam 
iSs NE 956.55 .XI 
Slate Board of Edw 
655, 67 ALR 1133; 
NY 268. 25 S E  4 
Gronna; 59 ND 6 i  
beny v Esrep, 142 

~tlunrington Y S a t ;  
786.73 SE2d 813. 

67. Nthbia F h'ew 
M O .  54 s Cr 505. a 
hl. 8. 11. co. Y 5m 
858. I D  S Cr 563 

Lcir) Y Hardin I35 
Ct 681): Alabama 2 
DIcAdorv. 246 At2 I 
325 ~ ~ ' 4 5 0 ,  3') L 
Birmingham Y Hoc 
233 Ala 352, I i? SI 
on other gmundi f 
99. 36 So 2d 6i3: 
Corp. v While Rher 
'275 SWOd 455: Get 
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Froni d m r  has been said, it follows, as a matter of logic. chat the police 
power i i  not a grmr derived from or under any written consriiution,?" or from 

e 

* 

A s  LO exercise of pawer by x s c s ,  SF< $ 5  375, 
et seq., infra. 

69. Eait Side Levee PC Sanitaq Disc. F East St. 
Louis & C. R. Co., 279 I11 124. i 16 &E 7% Ex 
parte %ft, 234 blo 531. 225 SW 457; Re 
Application of Jacobs. 93 SY 98; Brewer v 
Valk, 20.1 lriC 186, 167 SE 639, S i  ALR 237: 
State v Lackey, 198 NC 55k, 152 SE 693; 
Skinner v Thomas. 1.71 NC 98, 87 SE 976: 
Collctri v State. 12 Ohio ~ p p  ia4. motion 
oven: C. C. Julbn Oil & Ro!altics Co. F Cap- 
shaw, 145 Old2 237. 292 P S41; Ex parre 
Tindall, IO? OH3 192. 229 p 1253 Shealy Y 
Southern R. Co., 127SC 15, 1?0SE 561. 

The police p w e r  is an element of sover- 
eignty reserved by the states to enable them to 
cope with 'any malignmcy that threateds tic 
body politic. Southern Bell Tel, & Tel. Co. v 
Ninereen Hmdred One Collins COIQ. (€la) 83 
So ?d 665. 
70: Atkinson. Xier Bros., Spicrr Co:v Indus- 

trial Com. of Arizona, 35 .biz 48, 274 P 634; 
Ceurin v Little F.ock. 203 Ark 10% I55 SW2d 
719. 135 ALR 130% State v Crowe. I30 Ark 
272, 197 S W 4  (ovrld on other grounds State v 
Fairfield Communities h n d  Co. 260 Ark 277, 
558 SW?d 698. cert d m  429 US 100% 50 L Ed 
2d 617, 97 S Ct 538); People Y Hupp. 53 Colo 
80, 123 P 651; Mclnerney v Enin (FIX}& So 
2d 45% People v Johnson, 288 Ill 442. 123 SE 
543, 4 .<LIZ 1535; East Side Leree &- Sanitary 
Dirt. v East Si. Louis & C. R. Go.. 279 IU 123. 
I16 NE. 720; People v Weiner, 271 III 74. I10 
NE 870: Blilc v Beach, I55 Ind 121.56 SE 8% 
State v Gerhardt, 149 Ind 439, 44 NE 469; 
Jordan v Caines. 136 Me 2111. 8 A2d 5Sj: S t x e  
Y Old Tavern Fzrm, Tnc,, 133 Me 468. 190 A 
473. 101 ALR 810: El FJrteTLfL. 2d4 &Io 531. 
225 SW 45X State v Draycon. 82 Neb 254. I I ?  
N1V 768; Wmham v State, 65 ?&b394..91 W V  
421: Brewer Y Val'.. 204 NC 1S6, 167 SE 638. 
87 ALR 2 3 2  S u t e  Y Lackey. 193 NC 551. lY2 
SE 693; Sratr Y Yarboro, 194 NC 49d. 140 SE 
216; Stare ex rrl. XIinot Y Gronnz. 79 ND 673, 
59 NW?d 511: Stale ex XI. Zograsu v-OBn'en. 
130 Ohio Sr 1J, 3 Ohio Ops 74, 196 5E 6 N  
Board of Com'rs v Public Uriliries Corn.. 107 
Ohio Sr 442, 1 Ohio L Abs 389, 110 SE 3T. 30 
ALR 429: C. C. Julian Oil & Roplrie? Co. v 
Capshaw. 145 0:h 237, 292 P 841: Stare ex 
rd. Short v Rirdell, IO9 OMS 35, 2.53 P E%. 
42 ALK 76% Ex parte Tindall, IO? Okla 192. 

sc 
15, 120 SE 561; Stare ex rrl. Crorgc v-City 
Council of.Aiken. 42 SC 222. 20 SE 221: 
Bcaurnonr Petrolrum Syndicate v Brousszrd 
(Tex Civ App) 6.1 SW2d 993. zpp dismd 123 
Tex 408. 73 S\V'2d 92, a m  confomed to (Tcx 
Civ App) 73 SWZd 1047; Ex parre Townrend. 
6.1 Tex Crim 350. 144 S W  6% R e  Guern. 94 

' 

, 
_I 

229 P 125; Shealy v Snuthem R. Co., 1-7 9 
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235 h7V2d 409. reh L 
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-Ga 178. 67 SE 417. 
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71. Board OF Corn'. 
107 Ohio  Sr 442. 1 
87;30 .%LR 429. 
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Ohio St 7Y. 139 KE 
Ohio App 159, 21 C 
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2,rjcrjpiion wich precision,N because of its great, diniens!onsM and because 110 
‘iescriptioo can foresee the ever-changing conditions xvhich m q  ca!I Fnr. its 

’ cy:rrcisr,’” Moreover, it hzs been held that these conditions rcricler i t  inndclsa- 
ble to g b e  the power a limited cLefinition.8‘ Each individual case niust. turn o n  
i<\ oi\m Fzcrs.” The United States Supre’me Court h22 said t h ~ i  a clefinition of 
the po\\’er is essentklly the product of legislative detcrminxions “addressed fO 
the purposes oE government, purposes neither abstractly nor historicall! 
capable of complete defmir i~n .”~~ Except for the .substitution of the faini!iar 
standard of “reasonableness,” the Supreme Court ha5 generally refrained from 
znnouncing any specific criteria.” 

3 363. -Particular judicially stated deficitions 
J\-hile it is generally recognized that i t  is very  diFficult and practically 

impossible to give an exact definition of the police power.a’ many attempts 
have been mad:. There is no consensus in favor of any of them, but these 
definitions are of considerable value as indicating the breadth and scope of 

i 
- 3  

I 

S D  514, 21.9 SIY 118, 86 ALR 1523; Interur- Ohio App 104, motion o v e r  Daniels v Port- 
b m  R. g. T. Co. v Public Utilirirs Cam., 98 land, 121 Or 677, 265 P 730. 59 ALR 31% 
OhioSi ?Si .  120 KF. 831. 3 ALR 696: Sanning Stare Y Bunting. 71 Or 239. 139 Y 731. nffd 
v Cincinnati. 81 Ohio St l42,90 SE 125: State 243 US 426, 61 L Ed S30.37 S Ct 13% Slate v 
i. Xlarb!e. 72 Ohio St 21, 73 .“;E 1063; Bi- Kofines. 33 RI 211, 80 A 432: Re Ten-Hot!< 
Butte Horse 8. Cmle Ass’n v Anderson, 133 Law, 24 R i  603. .5l h 602: Ex parte Ueckel, 87 
Gr 171. ?SY P 503. 70 ALR 399: Daniels v Tex Crim 120, 210 S% 81. 
Portland. 1% Or 677, 255 P 790. 59 ;\LR 5 I?; The lir,e which sepa&lcl .the Icg;timarr fiOln 
Commonwea‘rh ’ Vroaman. 306. 30 A rht: i1lr@imarc or rhe police poicer 
217: S m e  Y Kofines. 33 RI 211. 80 A 43% is nOT upable of delimjt3tion. r1 varies Hanington “ Boar* of Aldermen. 20 2% ,,.ilh ciicllinsrances and condl[lons, ~ ~ c f i d  
58 A I; Beaumont Pcrroleum Syndicate v 
Broujsard ciV A p) 64 SW2d 993, app Ambler Realry Co., Z i ?  US 365, 71 L Ed 503, 

z di,md Trs 4 r ) ~ ,  !& Sw2d 92,  an^ con. 47 S Cr 114.4 Ohio L Abs 816.54 ALR 10!6. B 
f o n d  tO (T-rCX G v  b p )  73 S W d  IO?.% Ex ~ , , ~ ~ h j ~ ~ ~ ~ ~  lcr cream co., 168 iL‘ 
parrc Meckel. 87 Tex Crim 120. 220 SW 81; lows 147 st,. 195, aKd z42 [is la, 61 L 
Srarc v >lountain Timber Co., i 5  Wash 581. Ed 217, 37 cr 4 

* E  , x  135 P 645, aEd 2f3 US 219. 61 L Ed 685.37 S 
Cr 260: Stare ex rei. Richey v Smirh. 42 Wash , Definiribns of policr power which give irs 
‘37 .  84 P 851 (aurld on other xrounds Tacoma boundaries with precision have nut been at- 
v Fox I58 Wash 325, 290 p 1010); Iixasek v ternptrd by any courts. Ir is wise that it is so. $ Peier. 22 Wash 419, 61 P 35; EX parte Flud- because this. like many of t h r  suhjrcr nlatteis 
gins. 86 \Y Va 5%. 103 SE 327, 9 ALR 1361. of the law, i s  consranrly in tlir prncess Of 

a evolution and devrlupmcnr. and muzi , b e  
81.. Eubank v Richmond. 226 US 137, 57 L Ed ndapred to 10ci~1, inditrrrial, and commer- 

156, 33 S Ct 76: Wessell y Timberlake. 93 cial condiliuni or  rhc  ti!nes. \Y,esrd v Timber- 
OhioSr?I .  l16SE.13. lake, 95 Ohio Sr 21, I IG SE -13. 

Its bouiidirirs are ncccssanly vague and in- po,yer under &mg- 
definable. Sliiick Y Cimr. 79 Ohio 5r 174, 86 ing conditioni, sDe 5 379, i,,fm. .\E ,WJ; Cullerti Y Stxe. I 2  Ohio ;Ipp 104, 
m w o n  orem. 
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The expression "police power;" although capabiz of  use, and sometimes 
ur?d, in a restricted sense?.! is frequenily used very brondiy to incrude all 
legislation and almost every function of civil.go~et~nment? Thus, it  has been 
stated that the police power in eZect ~ U Z E  up the bvholr power oFgovenment, 
and that al! other powers are only incidenta! and ancillary EO thr execution of 

: the police power; it is that Full, fina! peter involved in ihe adminisrrrtion QF 
lav' as' the means to'the attainment of practicd justice." And i t  has been said 
that the.power is only another name for that authority which resides in every 
.sovereignty to pass all laws for the internal regulation and government of the 
st3te,S3 that it i s  the vasc'rrsidual power of the state? and that it comprises 
that portion of the sovereignty of the state. which k n o t  surrendered by the 
terns-ofthe Federa! C o n s h i i o n  Lo the federal government?' 

. .  
CONST?TLTIO~<.4L. Lilt\' 

. .  
fj 353 

90. Dakora Cent. Tel. Co. Y South Dakota. 
250 US 163. 63 L Ed 910.39 S Ct 507.4 ALR 

Obispo Sporrsmm'i .&so. Z2 Gal 3d 44% 149 
Czl Rprr 482,584 P2d 1038). 

16%; Washington Y Atlanric C. L. R. CO.. 136 
Ga 638, 71 SE 1066. 

~ h ;  term *apo]ice has neYer been 
circumscribed. It means at the dame rise a 
power and funcrion of government. r syst-m of 

. ....~.~~ 
R: eo.. I36 GJ 698. 7IqSE~.1066: $eo&? ~;. 
Chicago. >I. k S. P. R. Co.. 305 111 486, 138 
NE 155, 28 ALR 61D: Blaisdsll v Home Rldg. 

Ludn Ars'n. 189 Slinn 422. 249 i%V 3'34, S6 
ALR 1507. affd 290 US 398, 78 L Ed 413,51 S 
Ct 231. 88 ALR 1-151 and Iarer a m  189 hlinn 
4-15, 249 "'.893; Star? ex re]. 'Cleveringa " 
Klein, 63 ND 514. 049 NW 116, SB ALR 1523: 
Wessell Y Tinibtrlakr. 95 Ohia.Sr 21. 116 NE 
43; Camas Stage Co. u iiozw, 104 Or 600. 209 
? 95% 25 .%LR 27. 

The police power is norhing more or less 
thar. the powerr of gorcrnmenr inhcrcnr in 
every so>crei,got) to t he  extent of irs darnin- 
ions. AFL Y American Smh k D w r  Go.. 67 
Ariz 20. I89 P"d 9 1 .  affd 335 US 538. 93 L 
Ed ??!L,6Y S Ct 258, 6 ALR?d 481. 

The police power is the power to govern: i t  
i s  rhr inherent. reserved powcr or the state io 
suhjecr iridiridual rizhts LO rearonahla rrpula- 
tion i n  the  inrercju of the general welCare. The  
smie has the suvereig? riohr LO protect i rs  
CifiCens and has wide discr&n when it exer- 
cises its police pozcr for this purpose. The 
esirtrncr of the poliw power impocer on the , 
m t e  rhc duty t o  rake a d r q t ~ ~ r e  srrp5 to prorrcr 
the l i i r s  of i r s  rrridenra. Re @inn (5th Dirrl 

proved on orhrr graunds Scare v San Luis 
35 

55 Ca1 +p Sd 473. I10 Cnl Kprr  881 (dirap. 

95, Mutual Loan Co. I' &frrtcll, 222 L5 225.. 
56 L Ed 17% 32 S GI 74: Appeal of .ill)n..Sl. 
Conn 534. 71 i\ 7%; Rodemacher v >lil*iaukes 
k St. P. Rg. Go.. 41 .Iowa 29i: LrnIon Ice k '  
Coal Co. v Ruston. 135 La 898. 66 So 262;. 
Pcoplr F Dehn. 190 biich 122. I55 NIY 7.1k 
Peoplr Y Uurld. 1 I7 N Y  1. 22 NE 670. aTd I43  
US 517. 96 L Ed 247, I ?  5 Cr .ifid: Scatr v 
Yarbom. 194 X C  498, 140 SE 216: Srctrler v 

629. G !  L Ed 957. 37 S Ct 475: Shealg Y 
Sourhem R. Cn., 127 SC 1.5. I20 SE 561: 
Sahrc v Rurland R. Co.. $6 'Vc 347, S5 A~ 693: 
'Peel Splint Coal Co. v Starr. 56 W Ye S O 2  1% 
SE 1000. 

T h e  police poiwr is the inherent.and plenary 
power of the stace which enables it ti) prohibit 
all rhings huitfbi LO rhr comfort and welfare of 
socicry. Ingram v,Colgnn. 106 Cd 120. 38 P 
315, suhseqirrnt op on reb 106 Gal 113. 39 P 
457. 

bl r  "police poser:' in rhc colleaivc 
sense, is the sovereign aurhoriry erercisahlr 
direcrly. 9 here not expressly OF inkrenti3lly 
pmliihirud. to parr laws rrplating. reasonab!~, 
all .tltt,~c chirigs which pertain tn the public. 
welfari'. Mehlvr Y .\lilaau'.ce. I56 W i s  591. 146 
NIY 8x2. 

96. Powqs n+ther judicial. legislarive. =or 
execitrive. /n thc srnse in  which these rems a r r  
employed in discusions of conrrirutional law, 
helong to that grrat residuum oEgnrcmmenrd 
authorirk, the pulice powcr. ro be mail? cffec- 
t i ve  tiirough administrative agencies. W'oodr v 

O'Fiara, 69 Or 5!9, IS9 P 743, a!% 243 us 

. Starr. 150 Tenn IOU, 159 SIV555 .  
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98. H U ~ W  Y C ~ C  
Dunn F Common 
815; Scare Y Boti 
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watrrtowa F bra 
hlounrzin Timbrr 
6-45. aEd 243 US 
260; State Y Buch. 
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Idaho 693.92 P S 
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land. 99 OMo St : 

' . 99..Sweer v Reck 
16 S Cr  43: Hunt 
So 3iS; Rodemx 
co..,41 lows 29;' 
117 KT 1.77 SW 
663 ( o d d  on an 
La Ann 931,: Sta, 
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Airbm. 1% .Pie 
ALR2d 10G3 (ow 
Y Werdiun 158 3 
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’W:c police power is the mmr giicn to t l ix  
iiilicrciii s>rcreignt) which it is rli; righi aud  
dut, ut the gurerriirirm to exrrcise. nhmever 
puhlii p 4 c y  in a b:oad sense demands. for the 
benefit or mcict j  at large, regulations t o  guard 
its m x a l s ,  safety, heslih, order. or to  insure, in 
any i‘opect, such eionomic conilitionr as an 
adwir ing complex civilization requires:* Chi- 
cago, T. H. & S. R. Co. v Anderson. 18“ Ind 
140. 103 S E  49. afid 242 US 283.61 L Ed 302, 
57 S C,t 124; S:atc Y Erooken. 19 N?A 404, 143 
P 459: Srcrtlrr v O’H=ra, 69 Oi 519, 139 P 
743. at7d 2-12 US 629, til L Ed 937. 37 5 Ct 
475; Ex parte Townsend, 64 Tex Crim 350, 
144 SLY 6%: Hopkins v Richmond I l i  Va 
692, 96 SE 139 (ovrld on other grounds b i n e  
v Clifton Forge I21 Va 781, 97 SE 310): 
3uthcrland v Blillrr, 79 W Va 796. 91 SE 993. 

T h e  “police power.’’ as that term is com- 
monly err.ployed. may be paraphrased as socira 
q ’ s  natural right of self-defense; and i ts  defini- 
rions and liinirations vary with the circum- 
stances calling for its esercise; it comprehends 
all those general kdws and inremil rrgulatiom 
necasary to sccure the peece. goad order. 
health, and prosperity of the people. and the 
rephtmn and protection ot property and 
propcrty righis. McCuire v Chicago, B. & Q. R. 
Co..  131 Iowa 340, 108 NW 902..laterapp 138 
Iowa 664. 116NIV 801. dFd 219 US549, 55 L 
Ed 328, 31 S Ct 259. 

e 
T h e  police power is the tlproor of govern- 

ment, o ~ i t  of which grow internal rcgiladons 
n e c e s a v  to preserve the public order, health. 
safety. and mulills. Hmry  s Parrish, Y O i  Ey 
559,211 S W d  415. 

T h e  police power L ihe power to protect the 
puhlic health and the publrc safety, to preserve 
good order and the pihlic moralr. to prorecr 
the liver and property of dilrenr. and to gov. 
ern men and Lhings h i  any Icgijlation appropri- 
ate to that end..BaAer Y Palmer, 217 NC 519, 
8 SE2d 610: Cnlcutt v MrCeachy, 215 NC 1, 
195 SE 19. 

Tlir pOlicc power of the state is the power 
inhcrmt in  every rovrrcigmy to govern men 
and JGngi. under *hxh power rbc legislature 
may. hithin constituiional limits. not only pro- 
hibit all thinss hurtful to thr comfort. safety, 
and welfire of saclrty. hut may prescribe regu- 
l ~ i i o n r  io promote. thc public health, moi71>. 
and safer!. and add to the grneml prihlic cnn- 
ienicnce, prorperity, and welfare. Stare ex re]. 
Cleveringa Y Klein. 63 SD 514, 289 NW 118. 

SD 76. 136 K\V 561, emor dismd 245 US 627, 
62 I. Ed 51s. 38 S Ci 60. 

Police power may be define2 as the power 
’.hs n h i c h  permns and property o m  auhjrcred 
u) all kinds of restraintr and hurdrns in order 

32 

4fi AL.R l5?3: State ex rel. Ukde Y Taylor, 33 

tn WXI.C‘ the p ! c d  C O I I I ~ ? ) C ~ .  hcalrh. arld 
p w p r r i t \  of the mte“ .  >f.tmc! Y St:m. 43 
Ohi? Sr C:<, 12 SE 4tZ.  

Thc pglice p m e r  u: a s t ~ t e  i, t he  broad. 
inlterem pn;sur of the Gencid i i ~ i e m l i l y  to 
prescribe regulariorxs ~ h i r h  promote ;!le educa- 
LLUII. hm!h  safcty. peace. mo:a!i and general 
wlt;iie of the commmitp. Swte v Stoulfer, 28 
Ohio App 2d 229, 57 Ohio Ups ,?d 542, 276 
NE% 65 I .  

The police power of the state is the p o w r  of 
&wcromenr int.erenr in every sovcreipy to 
enact 13u.$. within constitution.d limits; to pro- 
mote the griirnl tielfaie of iu ciriecns. Jack 
Lincoln Shops. Inc. Y State Dq Cleaners’ 
Doard. 19‘7 Okla 251, 135 P?d 3W;  Hunting- 
ton v Sim? W’atu Corn.. 137 I.Y Va 786. 75 
S E d  533. 

T h e  police powers are nothing more nor less 
than the  powers of government inhrrenl in 
e s c y  mi-crelgnry to govern men and things. 
Undrr these p w e r s  the governmrnr regulates 
the .condim of it5 dtizms, one toward another, 
arid the m3nnec in which each .shalt usr his 
o!un property, when such replat ion becomes 
necessary for the public good. Srare. Y Ross- 
man, 93 \?& T30, 161 P 349. 

T h e  police  power of a s t s t  “embraces irn 
whole system of iiltcmal. rrgdarion, by whi& 
the state seeks not only to preserve the public 
order and to prevent offenses againsr the state. 
but also to establish for the intcrcourrr of 
citizens with citi~en5 those rules OF good mm- 
ncrs and good neighborhood which are calcu- 
lated ro prcven: a conRict of rights. and IO 
insure to each rhc unintenupted errjoymrnt of 
his o w i  so Fir as is reasonably consistent wrrh a 
like enjoymqnt .of nzhrs by othrrs.” Hunter v 
Green, Id? €Is 104, 1% So 379: Sifers Y 

Johnson. 7 Idaho 793, 65 P 709; Mmdovcroft 
Y Peuple, 163 JU 5.G. 45 NE 991; W‘estern 
Union Tcl. Co. F Pendietom, 95 Ind 11. revd 
on othrr grounds 1% US 347, 30 L Ed ‘I 187.7 
S Cr 11266; Dunn P Cornmonirealth. 105 S y  
834. 49 SFV 813:~Shrereport v Dames. 1 I S  La 
ll3, 42 So 716; People v Dehn. 190 Bfich 12p. 
155 N\Y 744; Dorineil v Stare, 48 h E s  651: 
Colvill Y Fox. 51 ?.ion2 72. 149 P 495; Ives Y 

South E .  R, Cn.. 201 NY 271. 94 hZ 531 
(ovrld on oihrr Founds i\ lontgomr~ P Daniels 
SS NY2d -11, 378 SYS?d 1, 3.10 NE2d 444); 
Hathoin Y Satunl Carbonic Gas Co.. 194 NY 
326, 8 7 , S E  50.6 People ex rel. New York 
Eleclric Lmes Co. I. Scpire, 107 NY 593. 1.t 
NE 870. aird 144 GS 115, 36 L Ed Sfifi, 12 S 
Ct 880: Gihhoils v Misou”. K & T. R. .Go., 
L42 ,O!& 1-16, 28% P 10M; Stare Y Bunting. 71; 
Or25II. 139 P i31. ztfd 213 US.426. 61 L Ed 
830, 37 S Cr 43.6: Slate v Kofincs. 33 RI 21 I, 
80 .J 43?. State Y Scougal. 3 SD 55. 51 NW 
858 ( w i l d  on other grounds Wall Y Fenncr 76 
SD 052, 76 S\vZd 722): Srare v Euchanm, 29 
Wash 602. X I  P 52; Peel Splint Coal Co. v 

, 

. 
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perhaps, rhe m: 

at rhe rimes rh 
principal pillar 

3. \‘Yesem Inden. 
686. 151 P393: Hur 
19-1 Sa 37% Peoples 
s\v 7s: PcoDle Y ‘L .... ..., ~ , 
%j; Sta t r~Yarboro .  

4. Stzr c r r e l .  Hn 
230, 141 P2d 191. 

5. The police poirci 
it [he purpose of &vi 
aoained, IC has morc 
oFsacirry than any c 
dsed, i t  is a crown 
exercised. it would 
destructive despot, 5 

innocuous 5ome oF 
plcs. of constiattion: 
waukee, 156 Wiu 591 

6. Ruow v Billings 
.2% Quueornbcrr)- Y 

SE2d SJr ;  Hunting 
137 W \‘a 756. 73 S. 
7. Queenside Hills 

80. 90  L Ed 1096. 
hlaber. ?.IS US 9@. 
 all v Geigrr-jonn 
480. 37 s Cr 217: k 
US 394, 60.E Ed 
Kirkwood, 237 U S  
501: Eubank v Rich 
Ed  156, 53 s CC 5f 
376: Mller Y Board 
477; 234 P 391. 35 I 
US 781, 71 L Ed ; 
Gurry. 121 M d  .X+. 
biarket Co. Y Bres 
S$V?d ‘L!. E% partc 
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t:k2c by ntbans of this power the Iegis!aiure exercises a superrision O V W  

r::.;:ters ir:vo!\-ing the common welfare and enforces the obscrvancr, by each 
i~+.idm! iilrrjtbcr ofsociety, of.the dutizs ivh!ch he o y s  io otiicrs and to the 
c,,;i!rnunity ai Iq~ge.~ 

, - .  

2. NATURE 

a. IN GENERAL 

j ~ .  GP-nerdy; importance of power. 
The police power, which it has been said'is not a rule buc an evolution,' is, 

perhaps. the most important of governmental p o w e s s  It .has been called a 
principal pillar of government,6 and has been described as the most essential, 
i i ~  the times the most insistent, and always one of the least limitable of the 
powers of government? Moreover, it has been said that the very existence of 
goi.ernment? as well as the secunq of the social order, the life and health OF 

Str:e. 96 W Va SO?. I5 SE 1000; Wisconsin 
keelc? Imritex Co. Y Milwaukee County. 95 
I Y i  15s. 70 S Y  68; 

3. I i e i r e r n  Indrm. Co. v Pillshuq, 170 Cal. 
lW6. 151 P 393; Hunrer v Green. I42 Rn 104, 
104 So 3 7 2  People v Rehn. 190 Xich l22, 155 
S\: 7%; People v King. I10 NY 418, IS NE 
?&5, %are v Yarboro. 194 NC 498, 140 SE 216. 

4. Stare ex rrl. Mughrs y Cleveland. 47 NM 
3 0 ,  141 P5J 19'2. 

457: A. E. Nettleion Co. Y Diamond. 2i N%2d 
IS?, 313 SYS2d 62% 264 SE"d 118. 44, 
ALR3d 994, reh den 25 NS2d 539, 319 SY52d 
440. 268 SE2d 132 and +OD disnd-401 GS -rr ~- ~~~I ~~. - ~~- 
969. 28 L Ed 2d 319.9i-S Cr 120!; En&sl& 
v Jacobs. 5 NY2d 370, 184 SYS!d 6-10. L57 
KE2d 616. ceri den 960 CS 902. 3 L Ed 2d 
1255, 79 S Ct 1266; People v Perrerw. 253 W i  
305, i7l XE 72, 84 ALX 636; Brewer v Val!+, 
204 NC IYG. 167 SE 638. 87 ALR 232 State v 
Lockey, 198 iSC 551, 132 SE 693; Wesell 5 

Timberlake. 95 Ohio SI 21. 116 NE 43: Col- 
5.  i% police power is a $ r e x  power. Withour 

ir t $ t  purpose of civil government could nor be 
attiined. I[ has more to do  with rhe well-being 
of rociefy rhan any arhrr power. Properly eaer- 
ciicd. it  is a crowning inRuence. Irnpyuperly 
crcrcised. it would make OF sovereign will a 
drrwmii.e dxrpor. superseding and rendering 
in-+ciious some OF the mosr cherished princi- 
p!ri r,f conxirutinnal freedom. Ir!chlos v hlil. 
~ c k e r .  156 Wis 591. 146 3.W 882. 

leui v Stare. 1.2 Ohio App 104. motion o v r ~  
C. C. Julinn Oil & Royalries Ca. Y Capshaw. 
145 OMa ? 3 i ,  292 P 841; Commonwezlth u 
Widorich. 295 Pa 31 I, 143 A ,295, ceri den 
280 US 518. i 4  L Ed 588. 50 S Ct 66; Shealy v 
Southern R. Go.. 127 S C  1 %  120 SE 561: Sure  
Y wood. 31 SD 485, 215 NIY 4S7, 54 ALR 
719; S\are v ~ c K a y ,  137 Tenn 280. 193 SW 
99. 

6. Rxma c Billings. 136 Mont 554, 323 P2d 
%. Qxescnberq F E ~ t e p .  I - L ?  W Va 426. 95 
S i 2  53% Huntington v Stare Wnrer Corn.. 
13: I? Ya 586. i i y  SE"d 693. 

8. Birmingham hl. R.'Co. Y Parsons. 100 A h  
662. 13 So M)2: .American Union Tc!. Co. u 
IVe>:rm .Union Tel.  Co., 67 Ala 96; &lcInrrnry 
Y Ervin (mu) 46 So 2d 45s; E a r  Sidc Lrwc S: 
Sanitary Disr. Y Earl Sr. Louis S- C. R. Co.. 2779 
IU 125, I16 &E 720; Ex parrc Tafr. 2114 310 

167 SE 638, 87 ALR 237; Stare Y Luckey, 198 
NC.551. I52 SE 693; Collerri v Srarc, I? Ohio 
App 104. morion overr: C. C. julian Oil & 
Rog~lrirr Co. v.Capshaw, I45 0x2 237, 292 P 
841: ~Commonwaaiih v IVidovich, 295 Ps 311. 
I45 A 295. crrr den 2SO US 518. 7-1 L Ed58S. 
50 S Cr 66; She:iI) v Sourhem R. Co.:127'SC 
15. I20 Sf. 561; Siatc ex i d  George F City 
Council .or ,liken, 4 2  sc 222. 20 SE 2ZI;  
Beaurnorir Perroleurn Syndicart. Y Bwussard 
v e x  Ciu App) 64 SIC% 7993. app dismd I23 
T r x  40s. 73 SVG2d 9'2. anr roriformcd to V e x  
Civ App) 53 S\V?II IOli. 

5JI. 225 SIv'457: Brewer Y Valk. PO4 NC 186. 
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t h e  citizeii,  t h e  cilj;o)ment of p r i v a t e  and sociir! life, arid the briieficial 115e of' 
p r o p c r t p  are dcpenclrnt upon this  powcr. - 
5 362, D i s t i n c t i o n s  hrtivern police and other p v e r n m s n i 3 !  ~oI+ers; enlneni . i domain. 

?he boundary line w h i c h  d i v i d e s  the police p o w e r  of the starc from t h e  

e m i n e n t  domain h a v e  much in c o t ~ i m o r i , ~ ~  t h e  police and e m i n e n t  domain 
powers are also e s s e n t i a l l y  di~tinct.'~ Thus, under . t h e  police poxer, many 
r e s t r i c t i o n s  may be imposed w i t h o u t  c o m p e n s a t i o n  being g i v e n ,  w h e r e a s  uricler 
the p o w e r  of eminent d o m a i n  c o m p e n s a t i o n  is requitad.'i A f u r t h e r  and more 

E 
i 

? 8 
2 ,  

. $  

o i h e r  f i inc t ions  of g w e r n m k n t  is o f t e n  difficulr to disccrn,'c bur it is dis t in-  
guishiible from taxat ion,"  and. aIthougb its esercije and the exercise of 

3 

- 

9. P t m a l l  v Grtat X. K. Co.. 161 US 646, 40 
L Ed 531. 16 S Cr 79% Slaughter-House Case>. 
83 us 36. 21 L ~d 39.1: .AFL 7 1~2tron IDC 

Cic App) i 3  SW2d 1047; QucsmbeT Y Estep. 
142 I*/ Va ,406, 95 ST!d 852: Huntingtorr v 
S r x e  I\jtrr Corn.. 197 W Va 786. 73 SE2d 
833. 

10. Sinileg Y MacDon;itrl. 41 S e h  5 ,  GO SW 
355; Collerri v Stare, 12 Ohio App 1.04, motion 
OFWT. 

11. 9 365. infm. 

usl, the one pmmencing his ;sc or his O I Y ~  

proprrry in  his ow:  way 3s against the general 
comfvrt 2nd protection of the public. and the 
other depriving him of the right to absrmcr the 
public necessity and convenience by obsdnatrly 
relitsing LO part irith his property when ncedtd 
for the public use. People ex rel. brtroir S- 3. 
R, Co. t Townhip Board OF Sdem. 20 hikh 
452. (ocrld on other %rounds Burdick v Harbor 
Springs Lumbtr Ca. 167 Mich 673. 133 NU' 
822) and (ovrld on other grounds R e  Petition 
of Carsoil 36? hlich 409. 107 NW2d g(j.2) ar 
stated in Re A d v i s q  Opinio,;, 401 .\lich 686. 
239 StVL'd 129. 

13. ;\d~nr Y Hrmsing Aurhority of Dayton2 
Beach IFln) 60 So 2d 663 lorrid on other 
ground.$ Ba)cd. Inc. Y Do\inrown Dcrdopment 
,lulhonry (Flal 313 So ?d 451). 

1 I Gal L Krv I85 (detrrmining.whcre emi- 
nent domain begins and police power enls l :  50 
CaI L K t v  569 (conflict berween police potier 
and p o w r  of emirten: domain in rrstricrioa of 
ne? construction in urban renewal area). ' 

14. P3cific Ttl. & T d  Co. v Eshlemm. 166 
Cd 6iO. I37 P 1 1  19: Schaake v Dolley. 85 K m  
598, t18 P YO: Cooimonivealth v Bear% 132 
Mass 542: \Varerturrn I' Mayo. 109 Mass 31% 
Rarhwdl v l.inzeIl. 163 Ohio Sr 517. 56 0 Opr 
431. I1i SE2d 5%. app dirmd 350 US IOI?, 
LOO L Ed $ 7 2 .  76 S Ct 65S:~Gihbonr v blir- 
souri. K. P. T. R. Ca., 1-19 OSla 146, ?Y5 P 
1040; Appe,~l of 'vyhitc, 287 Pa 259, 1% A 409. 
53;\LR l2Ig; Starev Kofines. 33 El 911. SO .A 
-4JZ. 

Wtethzr thc starc or its 3ubdiiizions m w  
take or d m q e  private propzrig under c h i  
police pnner a i thout  compenmtion is a mailer 
of the degree of necessity in thr particular 
case. If nor prompted by a suSic/ent necessity. 
a raking withour compcnsation iz nor justified. 
.Archc:r v Lor Angrier. 19 Cd ?d 19. 119 E d  
1. 

There is a considerable rercmblancr between lVhtn in the taercirr of the police power the 

infected clwbing, obiccne hooks or pictures. or 

. 2 
3 ihr police p m e r  arid emincnr domain in thar saw tlirixqh its a ~ e n t s  dctrags diswrrd cat- 

e x h  p m t r  rerognizrs the  supcrinr rizh! of rhr [le, unwholciomc incxs, decayed fruits or lirh, $ community against the selfishness of an uidivid- 
49 6 

2 
j r  

i 
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i m p o r t a n t  d id inc i  
right in. property i s  
b? e n j o y e d  by ic a. 
a n d  often does; tz 
pnid for, chis i s  not 
the p r o p e r t y  or i r  
dom2in for J pu- 
etljoymenc, or, if ir 
public use, but to 
the ,  public.'s The e 

buildings in t5c path 
constiturional r q u i r e n  
tion does not 'compei 
rhc Oivner w h n w  prop; 
property is incjpahle o 
ewr. a IegirlatVce provi 
in such cares mi! b c  i 
level the ltgiirbrirrc rnr 
where the ps)mknr OF 
requisite, the IegijlafuG 
maximum compensatron 
Board Y Smith (Ea) 1 IO 

.As to compemxion ; 
by esercisc OF the police 

44 So Cal L Rev I k 
when cornpqnsztion'is CI 
for economic toss r,esul 

15. Rose Y Sixc. 19 C= 
(police powr operate 
este t passiblv in w m c  
PsciL  T ~ I .  &*Tel.-Co. 
6-10. 137 P 1113 (notin 
paries beyond pwper rc 
a raking oE the property 
then referable nor to th 

regulztion). 

the power of eminent d 
Q. R. Co. Y PJbl;c L'tiliti 
193 P 726 (haldi.., -w chat 
across a railroad nghr o 
cize of rhr oolicr oower -. ~- , 
vBoard of Com:rs. 104 
635. 23 ALR 865: Illirroi. 
135 Tenn446. 1655tS.  

Property is iake.? by c 
use o: the public. The  
the use of  property OT 
property because thr i 
rishts is derriinrntll to F 
v Whirney, 33 Con? 33 
668. 

Th* dirtincrion b m r .  
and emiotnt durnGn.dr 
thin: i s  drmoyxi .or 
public usc, Peopk e:: m 
v t;! Fetra. 250 4% 
152, error'dirmd 257 I.!: 
s Cr 47. 
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j i : ; ; ,s r tx i i  distinction lies in the fact that in etnincnt domain, pi-operty of a 
!ig::c i n  pmpcrty is takcn froin the owwr and transferred to i i  public agenci to 
i-,< enjoyed by i t  as its oisn. whereas under the policc p ~ w c ,  i i ! t l~o~gh t t  ma)., 
;,:I.:{ rdkn docs. take propert)’ ii? the constitution$ sense so that ic  ntust bc 
p:\id lor, this i s  not accomplished by a transfer of oivnerstiip, but by destroying 
&- pxperty or impairing its Private property is taken by ernirrent 
dcrntiin fur a public use, while ‘ the  police power regulztc.~ its use and . 
rlljo!tnent, or, if it rakes or damages it, it is not a taking. or damaging i:ordie~ 
pubiic use, bur to conserve the safety, morals, health, and general welfare of 
t ! ~  T h e  essence of the police power, as differentiated from the p o w r  

buildkig! in thr path. of a conliagntion. the aged to serve a public use. but not rcitho1:i just 
ronrti;uiioml requirement of just compenso- comyer~sarion. On the other hand, the police 
 ion daeq not compel the staie to reimburse poirrr is urually exerted merely IO regulate the 
~tg w m c r  whose property is destroyed. Such use and ei$o).ment of property by rhe owner. 
property iJ incapable of any lawful use. How- or, if be i$ dsprivcd of his property outright. i t  
ever, a lrgislirire provision for compensation ir not takrn for public use; hut  Tarher de- 
in such cases mag be made as a bounty 21 a stroyed in ordrr to promote the general xcl- 
k.cl  ihe lcgislrture may desire. But in cases fare of [he public, 2nd in nrithrr case is rhr  
wherc the payment of just compei?sation is a owI1rr entitled to any compensation for any 
requisite, the legislature may not 5 ecili ihe injury he may susrain in consequence thereof, 
maximum compensation to bc paid. &atc.Plaoi for the law conr;,Jt.rs [ha[ eithrr h e  inju? is 
B o d  v Smirh (Fla) I I O  So Zd 401. damnum vhrque injuria or the owner i s  su6- 

A s  to compensaiion for injuiirs occasioned cicntly cumpcnsnred by sharing in the genml 
by ex-Diciie OF the police powcr, ,§ 408, infra. benefits resultutg from the exercise OF h e  po- 

44 so l. Rev l (criteria for drlrminino lice power. T h e  absence of campensarion, of 
,,hen culnpensation is mnsr~ruiiona~li .  rrquirr; course. nnkes the police power n:uch more 
for econl~,,,~c from gorrminrnt halsh in opention than rhr poWr  of eminent 

domain a d .  hencc.. suhjrct to stricter l i m b -  
rions. State ex XI. Amtin v Thornas, 96 W Ta 

regthtion). 
15, Rose Y State. 19 Cnl 2d 713. 123 P2d 305 6‘2s. 123 SE 590,38 .ALR 1490. 

(pnllcr power operates in field of regulation, 
ercepi y i b l y .  in some c a m  of rmrruency): 16. A d a m  v Flousiog Aurhoriry of Daytoca 
PAiihc el. gL Tel. Co. v Eshleman. I%S Cal Beach (na) 60 So 2 6  6G3 (ovrld on orher 
640. 137 P 1 I19 (noting that when an order grounds naycd. Inc. v Daimtomm Development 
passe: beyond proper rey;llatiort i c  amounts tp. .,Authority (Fla) 315 .So 2d 451): Coi\ger v 
a mkhg of the pmprny, and r h h t  the order IS picrce Coilnty., I l t i  wash 27, 198 P 377. 18 
then refemble not io the police power bur to ALR 393. 
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of wiilnenr domain, is that deprivation O F  individual rights and properry 
cmnot prevent its operation. once it is sho:m that its exercise is proper and 
that :he method O F  iLs operation is reasonably within the meaning of .due  
process oflarv." 

Despite the above-stated distinctions,, there still remains a n  area where the 
courts, in a case-bycase approach, must determine whether a particular 
governmental interference is an exercise of the paws of eminent domain, 
subject to rhe duty to compensate the private ~wner, '~ or an exercise OF the 
police power, Free From such duty to indemnify the person whose property is 
affe~ted.'~ 

5 356. -Taxation.= 
Although ir has been said chat taxation for the purpose of reyIation rarher 

thzn to rake revenue. is an exercise of the police power," and ihe public 
purposes for which a state may raise fund5 by taxation embrace expenditures 
for the general there is no' doubt that a real distinction exists 
between the two powers:" They are both distinct, coexistent powers in the 

Broadly speaking, the distinction. is chat the t ~ ~ x i n g  power is exercised 
for the purpose of raising revenue and is subject to certain designated 
constitutional limizitions, while the police power is exercised for rhe promo- 
tion of the public welfare by means of the regulation of dangerous or 

public use, but to prevent any use of it by it5 
owner and to put an end to its existence. State 
Plant Board v Smith (Ra) 110 So 2d 401. 

Police power controls the use OF property by 
the osner, For [be public good, i ts use other- 
wise bring harmFul, while "eminent domain" 
and taxition take propeffy for public use. Ap- 
peal or IVhite. 287 ril %9, 134 A 40% 53 ALR 
1215. 

18. Ajbers v Countv of Los An des 69 Cal 
Id 250. 4 Z  Cal Rpr; 89. 398 l'23.129: l&ific 
Tcl. & Tel, Co. v Eshlemm. 166 Cul 640, 137 
P I 119; People ex rel. RicLs Water Co. v Elk 
Rive: Xi!] SC LEmber Co., 107 Ca1 321. 40 P 
531. 

19. S.tn Lfateo v Railroad Com. O F  California, 
9 Cd '7d I .  68 P2d 713; Southern Pacific Co. v 
1,"s Angeles (?d Dist) 212 C-.I .4pp !?d 38. 51 
Cal Rptr 197. app dismd 385 US 647, 17 L Ed 
?d 66% Y5 S Ct 767. 

In di5tinguishiog the power of'eminent do- 
main from. the police power, the test frequently 
mentioned-that one mag recover if he h a  
suffered a damage peculiar to himself and dif- 
ferent in kind. as direrentiated from degree, 
From that  s u f h e d  by the public. generally-is 
0:' no ss.(istmce in solution of the problem. 
Bariih v Board oFControl, 23 Cd 2d 3-13. 144 
Y2d S I S  

20. Discurrcd at this point me grocnl princi- 

j 

42 

ples daring to the distinction berivcen the 
police power and the poirer of taxation. As to 
examples of specific legisletion held to repre- 
sent an escrcise af one or the other of the 
powers, see 51 Am Jur 2d. Srm% A ~ D  LOCAL 
T A X ~ O I  5 69. 

21. Carrhage Y Rhoads. I O 1  hlo 179. L-1 S W  
181: Litchviile Y Hanson, 19 XD 6i2. l!X XW 
1119. 

22. See 51 Am Jur ad. STATE  no LOCAL 
?'>L".ATtON $47. 

23. Stntr v Anderson. I44 Tenn 5W. 234 SIY 
768. 19 ALR i80: Robinson v.K.iorfolk. 108 Vn 
14.60 SE 762. 

T h e  police and taxing poivrrs of rhe kgkla- 
ture. although coexistent. are diriinct powers; 
hence, the exercise OF the f n m e r  is nor re- 
smined. by the e,iistence of the 1z:ter. Holst v 
Roe, 39 Ohia St 310. 

2.1. Car thqe  Y Rhoads. 101 M o  1%. 14SIY 
181; Lirchtille v Nanron; 19 ND 672. 1% XIV 
111% Uolst Y Roe, 39 Ohio St 330: Stare v 
Anderron. 141 Tenn, 5%. 234 SIV 765. 1 9  
ALR 180. 

Power to tax for the purpose of crearing 
revenue is not included within the police power 
of the state even though part of the fund so 
raised is devoted to the enforcement of police 
rCyl3tions. Iowa Notor Vehicle h s ' n  v Board 
OF Kailrond Com'rr. 207 Iowa 461. 221 .h;'W 
36-1. 75 A1.R I. zI7d 280 US 529, 74 L Ed 595, 
50 s Ct 151. 
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potentiiliy &n; 
to the co:stiiu 
cortscquently 0. 
exactii:g ail im 
exercise of the 
enactment is xh: 
it  is an exercise 

An exaction 1% 
upheld as an ex 
body imposing 
exaction which 
upheld a reg! 
in imposing it 
tiaILy inimical." 

An exercise. 0. 
particular pucpo 

25. State ex rel. F 
119. 203 P l l l 5 :  SC 
3X. 131 5iY i6Y. 
Norfolk, I06 Vn 1- 
XIcClonr Y TVomacG. 
holding rhzr 3 tax in 
purpose of raising a 
ing or mitigating sv 
flicred by them rhr 
sheep k a valid exrr 
and is no1 within th 
shall be imposed. only 

A consututional. prc 
erty to be r u e d  in 
not a limiucion on th 
the tsxiilg powa ,  c 
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i::w::cid!y dangerous businvses, occupations, or activities, a:?d is no: j t ~ b j ~ t  :<, :hi. constitutional restrictions applicable to the r x i n s  poiwr.” It ma) 
i~,::iqiien?ly be said thar if the primary purpose 0:‘ :t staiilte or ordinance 
e:<actiiig an imposition of  some kind is to’  raise revenue, i t  represents an 
essc i ie  of the taxing poxer,?”’ &ilc if the primary purpose of st:+ an 
eimtment is the regulation of some particular occupation, ca!ling. or activity. 
it  i j  an exercise of the police power, even if ir incidentally produces revenue.” 

An exaction :chich is iuvalid as an exercise of the taxing poiver may not be 
upheid as an exercise of the police power where i t  is clear that the legislative 
bo* imposing it did not intend it as such:# but, on the other hmd, an 
exaction which would be invalid as an exercise of the taxing p o w r  may be 
upheld as a regdatorj measure where the primary purpose of rhe.legislature 
in inposing it was the regulation of some calling or activity which is poten- 
ti.111~ inimicaLm 

, 

26. Lemoor i Jmks, 197 111 363. 6: ”L 30”: 

1 mlilh Cu?inry. 48 o r  3%. 86 p 5%: Srare F 

28. Lcno;,r jenks, ,I)? 1~ 353, 64 hy. 362 

R~~~~ ~ , ~ ~ t i l i . ~  county. -18 or 9’26. sti p.50~ .  
%I:c v blcFai1, 112 OF 183, 129 P.7‘); Kcszi Y 

AW!crson. 144 Tenn 564, 23-1 S ’ v ’  X R ,  1g 
:ALR 180. 

Lirrirficld v Sraie-. 42 Teb 223. 60 S’G 72-b: 

i 

I 
*> 
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tils st;11:1te,~ u n k s ,  or' course. the legislattire, in imposing such an exaction, 
X I ,  i r i  an arbitrzc; atxl unrrasoriatjle mannec.~t 

1YIi~'re the Fedrral Conqess .  which has no ii'ur police power? has no 
poiwr' to r q ~ l h t t  a particular sabjccr matter clircctl;;, i t  cannot do so under 
tht. gtiice of t;~.iatioii.^' 

Tiwe is no rcasori :ihy a single ztattite or.ordinanc+ should not indude the 
eserci,? of both the p o w r  of taxarion 2nd the po!icc pcrwer," and where this 
is the case, the only material inquiry with respect to its validity is whether OP 

not the legislature could legally enact it in ' the  exercise of eicher of said 
powers." It has been held that whe; the purpose of the tax is a mixed one, it 
must conform to the-limitations upon the taxing power, except so Far as a 
departure is necessary to make i t  regulative or p r o h i b i t o i ~ . ~ ~  

8 357. Similarity t o  war power. 
The war powers o f  Congress are not unlike what in the states is called 

po!ice power, but i t  is the police power raised to the highest degree.n Both 
are well-known functions OF government, and. both are rules of necessity, 
impliedly or expressly existing in every form of government, the one  to 
presene sovereignty, and the other to preserve the health and morals of the 
community.' But both powers are subject tu applicable constitudonal Iirnita- 
tions.5g 

The state's power to eiiect extraordinary regulations in emergencies, being 

33. Lindrlry Y Natural Carbonic Caj  Co.. 920 
US 61. 55 L Ed 369. 31 S Ct 337; Noble State 
Bank Y Haikell. 219 US 10-1:53 L Ed 112.31 S 
C1'166. amd on other %rounds 219 US 575, 35 
L Ed 541, 31 S Ct 299; Bacon v iValter. 204 
US % I  I ,  ? I  L Ed 499. 27 S Ct 289: Ohio Oil 
Co. Y Indiana. 177 US 190.44 L Ed 729, 20 S 
Cr 5i6. 
31. Mitick v Cirns. 79 Ohio St 174, 86 NE 

880. 

33. Stair TonnaSr Tax  Carer. 79 US 204. 20 
L. Ed 370. 

ALR 414; Fahry Y Starc. 27 Tex App 116, 11 
SW JOB1 rcjecrirrg the cnniemion that because 
a rr3tute imposing a tax on the occupation OF 
dealing in intoxicating liquors insolved the 
excrcirr of both rhr police power and the 
tarin- power, i1 war violative o fa  consrirutional 
provgion fwbidding any bill to contain inore' 
than one ruhjcct). 

And see 51 Am Jur Zd, L~CEXSEZ ASD en- 
TORS. A N D ~ R . \ X S I E S T  U ~ ~ t . r n s  $ 9  1620. 
MITS 9 8% 60 Am Jur ?d, PED!lLERS. SDLICl- 

35. Re Application of Kalana. 22 F i a W G  96. 
Thnt a 5131111e combines a police regulation 

and an e x r c i s r  of the 12xing power does nor 
render it ini,alid. iF ir operates uniformly 
throwhour the s121e. State v Preston. I03 Or 
631. TO6 P 9U4. ?J ALi? +I+. 

36. S.tn Frwcixo Y Lirerpool & London & 
Clohr Ira. Co., 74 &l 113, 15 P 380. 

37. Public Setvice Corn. v New York C. R.. 
Co., 230 N Y  149. 129 XE 455, I4 ALR 449. 

16.4 .An Jur 22 
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40. Re Slarrrv. 30 Csl ? 
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see S 371.infra. 

P 196; srair 
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pcrsons have of acquirin$. possessirra. and protecting property.18 
I t  his been said that nearly every pioblem iovolvcd in the police power F.ncls 

its sohition in the application of the principle &bodied in the maxim t h x  
everyone must so we  his O'IYII property as not  to iiijure the rights of otkers," 
and that this principle should therefore be obsenrd in the exercise of the 
police power?* 

$369. Salus populi suprema lex est; 

Another principle involved in the police 'power is espressed by the well- 
k n o m  maxim, "salus populi suprema lex (the welfare of the people is 
the highest law). It has been said that this maxim is the foundation pnncipie of 
all civil governmentm and that for ages it has been a ruling principle of 

It is the polestar of police power legislation? A11 private 
rights enjoyed by individuals as members of the. public are subject to the 
paramount right of the  state to modify them to consene the public welfare 
under this maxim." 

5 370. The law of necessiiy, generally. . .  
The police power has been described as ,the Iaw of necessityw 2nd as being 

46. See § S  560 et seq.. infra. 

47. Corn-Cola Bottling Co. v Xlosbv, 259 hi0 
462. 233 SW 446: C. C. Julian Oil 8; Royaltim 
Co. v Capshaw, 1.15 OWa 237, 292 P 841: 
Shealv Y Southern R. Co.. l2i  SC li. '120 SF. 

~ ~~. ~~~ ._ _ _  
561: kansek v Peirr. 22 Wash 419, 61 P 33. 

48. Sings Y Joliet. 237 Ill 300, 86 NE 663: C. 
C. Julian Oil 8- Royaltin Co. v Capshaw, 1-15 
Olda 237. 292 P 841: Shealy v Southern R. 
Co.. 127SC l i .  IZOSE561. 

49. St. Louis & S. F. R. Co v %thews. I65 
U S 1 . 4 1 L E d 6 1 1 ,  1 i S C r 2 4 3 , a f f g 1 2 1 M o  
298, 24 SI': 591: Butchers' Cnion. etc.. Co. v 
Crrrcent City, etc.. Co., I I 1  US 746. 28 L Ed 
5% 4 S Ct~65?: Beer Co. Y Massachuscns. 9 i  
US 25, 24 L Ed 989; >ScI(ay Jewelen. Inc. v 
Batiron, 19 C=l 3d 595. I12 P2d 543, 139 ALR 
1188: People Y Hupp. 33 C o b  SO. 123 P 651: 
Bi3nd v Proolr. 32 Cola 119~ 76 P 359: hlcl- . -. . . . . . . , . . .. 
nerney v E&'(Fla) 46 So 2d 458; People Y 

Linde. 341 Ill 269. 173 NE 361. 72 ALR 597: 

~.~ ~ 

F !door;. IO5 Mjch 120: 63 %V 424; Ruona ,v 
Billings. 136 ?doni 554. 3'23 P?d .29 Re Boyce, 
2 i  Ne" 299. 75 P I ;  Wa1lx-e Y hlayor, etc., of 
Reno. 27 X e v  71, 7.1 P i28; Srarr ex rrl. 
Hughes v Clrvclmrl. 17 Nihl 230, 1.11 P?rl 192; 
State v Rome. 8-1 Ohio St 3-16. Ci.5 NE 9'24, 

'46 

The lives. hdrh, and safety of the cirizens of 
a State hdong to the class of objrtii: which 
demmd the application of the maxim. "salus 
o o d i  ~ u ~ r e i n s  lex.*' Peoole ex rel. Doschv Y ~ ~ ~~. h k n .  180 App.Div 464; 157 NYS Sol, aR1 
222 NY.387, !IS NE 789. 

50. Slate v Hay. 126 KC 999.35 SE 459. 
The maxim "salus populi suprema lex est'. is 

more rhan a mere senriment. It has become 
one of the props of the police power and is an. 
elastic mantle whose ample folds cover much 
municipal legislation which finds no other jusri- 
. ficatinn. .Cursinser v Atlanta. 142 Ga 555. 83 
SE 263: Bymr Y !4ar/ldnd Realty Go., I29 hid. 
202. SY A 54 i .  

51. Jcntink v Couriry of Lske. 244 i l l  App 
370: Earrimn F Starr, 109 Ind 2 i8 .  ID NE D i ;  
Ruom v Billings, 136 Mont5%,323 P2d 29. 

52. State ex rel. Ach v Braden.. 125 Qhio SE 
3 0 i .  I X I  XE 138. 

53. Neisel Y >Icrm. 80 Flz 9% 85 So 3-16. 

54. S W ~ E  ea re[. Wilkinron Y Murphy. 237 Ala 
332, 186 .So 487, 121 ALR 2s'J: Re Yun. 
Quong. 159 Cal .5n8. 114 'P S35: In+n Y 
C o l g ; ~ ~ .  106 Ca! 1'21'). 38 P 315. subirqricnt op 
on reb IO6 Cal 113, 39 P 43'i: I'eoplc v Ijmlc. 
341 111 269. 173 NE 361. 72 ALR 997: Cook 
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Countv v Chicago. 3 I 1  
ALR 44% Chicago v 
Chicago. 269 IU 206 
l38k R+.ndJII v ,Parch. 
8 ALR 6% State Y Si 
g3l: Statr.ex rel. O!x 
457, 215) N'A' i70, 58 
U-cstminster Presbyrrri 
LO8 Neb 859. IS9 W Y  
Y Vanhook, 1S2 Z\-C 6 
Public Utilides Com.. 
Ohio Ops 3% 58 NE-? 
ham, 129 Or 592. 1 
Portland. 1% Or 677. 
Streich Board of E& 
NU' 779: Lingo Lumbe 
App) 64 S%'?d 835: L, 
Crim 616. I71 S V i  I I t  
148 va 795. 139 SI? 5 
low Anmsrment c o .  c 
269 P 10-13. 60 ALR 
County, 116 Wzsh 27. 
State v Buchxan. 29 T 
v Redmon. 131 W% S! 
rel. Szmpsan v Shrrids 
1 '413 955. 

55.Tunnrrv Little. ? 
36 S Ct 379: Skgh F I. 
L Ed 835. 35 S Ct 
States. 167US 516; 41 
State Y %rrus, 230 A 
ALR 1336. am confor 
I62 So 538: Dnffzn r 
S"Qd 362; BlSsdell 
Ass'n, 189 Xi- 221 
1507, aEd 290 US 39: 
231.88 A I R  I+81 2nd 

Cincinnati, 123 O M o  
283. 155 S E  196, i7 
335; 76 L Ed 323. i 
Timberlake. 95 Ohin 
es rrl. Shor: v Riedc 
6%. 42 ALR 765; DJ 
677.265 P 790. 5'fA.L 
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errordismd 273 US 7 
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cptxtcniive x i < h  rhe necessities OF \he case and the safegurtrds of pih!ic 
itl:crcst.5' 111 a Senera1 way the police pol;.er estcnd.i to all thc great public 
!,&s 2nd rca) be pllt for,c!l ~ I I  aid 0: n.hat is sarictinried by usagt' or hdd hy 
ttlc preiaifing morality nr strong. atid preponderant opinion Lo be greatly and 
;tur;~etiiciceiy riecessary to the pub!ic   elf are,^^ This general doctrine may hc 

prqe r ty  or cotmes of cond?;cr must 6:ld basis 
in ;$e do&oe o l  ccerruling necessity or bear 
some suhmntial relxilioo to the public good. 
Chicago Park Dist. v Canheld, 370 IU 4-17, 19 
NEZd 376. 121 ALK 557. 

The policr po:rcr will be. and shauld be, PUG 
forth a i  an r.SpFrssio~ of the popular concep- 
tion of. the necrrsirirj of socid and economic 
condit\ons. Under ii may be done and should 
be done that \bhich will hest secure the pmce, 
morals, health. and safety of rhe community. 
Bloomfield v State, 36 Ohio Sr 253. 99 XE 
SOY. 

The police power of a 5tate or a municipality 
estendj to the mxking of such I ~ w s  and ordi- 
nances as are necessarj to zrcure rhe safety. 
henlth, good order, peace. comfort, protectiorl, 
and cvnveniencc of the state or muc!crpa!ii?. 
Porrrr v Pans, 18% Tenxi 555, ?Ill SW?d 668. 

56. Day-Brite LightiPg. Inc. v Zlissouri. 3-12 
US 421: 85 L. Ed 46% 72 S Ct 405. reh dm 
411 lis 921. 96 I. Ed 1334. i 2 . S  Cr 55.1: ~. 
California Srate Auto. hsso. Inter-lnsumnce 
Bureeu v hialoney, 3-51 US 105. 95 L Ed i 88 .  
71 S Ct 601; Noble Starc Bank v H d c U i  21g 
US 104, 55 L Ed I I P ,  31 S Cc 166; arnd on 
other grounds 219 US,575,53 L Ed 341.31. S 
Cc 299; District of Colurnbia Y Brooke. 214 US 
135, 33 I. Ed 941. 2'3 S Cl 560: Alabama Scire 
Fedelation OF h b n r  Y hlcAdor!.246 Ala 1, 15 
So ?d 810, cert dismd 825 US 450. 89 t Ed. 

?kc. exrtrciie of power to regulate U I L . ~  of 
47 

1 

_,. ~ ~ 

1339: Illinois C. R. Cu. Y Commonwealth. 303 
Ky 692. 2W S\\'2d 973, cert den 334 US 543. 
9 2  L Ed 1767. 68 S Ct 1511: Stare v Gurr).. 
121 hld 534. 88 + 516, Siatc ex ret. Olson v 
Cuilford. 174 Minn 457, 219 SI\' 770.58 ALR 
607; Williams v Evans, 139 ?din= 32, 165 N Y .  
495. rch dcn 139 Minn 45, 166 NW 501; 
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said to Furtiish the key to %\.hat is incltidzd tvithln the boundaries OF poiict 
porsx-not that a police regulation to be legitinate must be 2 ~ .  abjolute 
cs,en;l~l to the public wdfare, hut rhar !he exigency to be  met nxst 5 0  
cgncein mcli welfare as to suggest, reasonabiy. necessiiy For ihr lcgisi~tive 
r~ inedy . "~  It is not essential that a present necessity should esizt before the 
legislxure moves tinder the police po1v.s; it may act to prevenr apprehended 
danger5 as well as to control those already e x i ~ i i n g . ~ ~  

The  police power is the power OF self-protection on the part 'of the 
cornmugity,59 2nd bears the.same relation to the community chat the principle 
ofse!f--defense bears to the individ>tal.E' 

9 370 

SE 433, later a?p 144 S C  705, 57 SE 465; 
State ex KI. Liride v Taylor, 33 ND 76. 156 
N\v iiil error disind 245 US 627. 62 L Ed . . . . - . , 
51s. 35 9 Cr 60: h1acrVab v Bo&d b of Park 
Con'rs. 10.3 Ohio St 497. 1 Ohio L Abs 780. 
141 >E 992: Danirlr v Portland, I24 Or 677, 
265 p 790, 39 ALR 51% Appeal of  White. 287 
Pa 239. I34 A 409. 53 ALR 12133 Hapkins v .  
Richmond. 117 'la 692, 86 SE 139 (ovrld on. 
othrr grounds Irvine v Clirton Forge 124 Va 
781, 9-i SE 310); Laughnry Y Maybury. 145 
Wash 146. 259 P 17, 54 ALR 393; State ex re]. 
Cartcr Y Harper, 182 Wis 148. 196 NW 451. 
33 ALR 269; Stare Y Langley, 53 W y o  332. S4 
Ped 16i. 

The exercise o f  che police power is not 
limited to mrer of abiolute nscesity. but may 
be put forth in aid of what  is sanctioned by 
usage. or held by the prevailing morality or 
stronger and prcpondemnt opinion to br 
greztly and immediately necessary to the public 
tielfare. ililler v Board of Publjc FVorks, 195 
CJ 47i. 234 P 381.3s ALR 1.179, error dismd 
2 7 3 ~ S i S 1 , 7 1 L E d F 8 9 , 4 7 S C t 4 6 0 .  

T o  be a legitimate exercise of the police 
power. 2 smtute must be reasonably necessary 
10 prompts rhc accornplishrnrnt. of a public 
p o d  or t~ prevent the infliction of a public 
ham. State v Ballancr, P29 NC 764, 51 SE2d 
731, 7 ,AiROd ,107. 

State le$sladon requiring 'collection and 
campurer mm;r of dara concernhi: prexrip- 
tinri of certain d i g s  for which there was both 
a lawful and an unlawful market was a reasom- 
hle exercise of the state's police power. A 
lower court's finding thzt the.neces,ily far such 
lrgislation had not been proved %as. not a 
sufficient rca.on for hulrling the st~-tu[e uncon- 
stitoti,mnl. \Yhal?n v Roe, 42'3 US 589, 51 1. 
Ed 2d 64. 9 i  S Ct 869. 

48 

58. State CY PI, Hughes y Cleveland, 47 NM 
230, 141 P2d 192. 

The legislacre mag look to th- future in 
making such regularions 33 may reasonably b e  
expected to be necessary to promote and pre- 
Ieme rhe public henlth and welfzre. Re Jones, 
56 Cal App 2d 658, 139 P?d 418. 

Existence of a c i d  necessitv for exercise of 
the police power is nor a condition of the righr 
to exercise ir. Gutierrer v Middle Rio Grande 
Conservancy Dix. 34 NM 346. ZZ? P 1, 70 
.ALR 1261. cert den  280 US.610, 74 L Ed 653. 
50 S Ct 153. 

T h e  5mtc cannot rmsonably b e  required to. 
defer the adoption of measur- for iis own 
peace and safety until revolurionaly urtemnce 
and acts lend to actual disturbance or t h e  pub-. 
lic peace or imminent and immediate d3n:et of 
it; own. desmiction; the state muy. in the excr- 
cise of its judgment. seek to prevent evil in irr 
incipiency. People ex rel. Fish Y Sar:ditrorn. 
?i9 NY 2 3 .  18 NE2d 840, I20 ALR 646. 

I t  i s  nor necessary to an ciercise of scch 
power ihat bere be an immediate present 
d3ngcr: I: includes anything which is reasons-- 
ble and necessaly IO the besc interests of. the 
pcblic. t h u s  v Cleveland (CPI 55 Ohio Ops 6. 
66 Ohio L Abs 4.17. 116 XE2d 779. affd (App) 
55 Ohio Ops 36, 76 Ohio L Ah5 214. 121 
SE2d 3 11. affd 163 Ohio St 559, 57 Ohio Ops 
1, 127 SE2d 609, app dismd 351. US 935. 100 
L.Ed 1463, 76 S Cr 533 (f iCOnnatl0ff  dwater). 

.X 

59. State ex r d .  Wilkiinson Y Muwhy, 257 Ma 
332. 186 So 487. I21 .ILR 2833; Rr Yun 
Quong. 159 W 509, 114 P 83% In,mn Y 
Colgan, 106 Cal 120, 38 P 313. subsequent op 
on rch 106 C.4 113, 39 P-437; Chicago Y 

LVarhingtonim Home of Chicago. 289 13 206, 
124 NE 4lfi. 6 ALR 15% Lake View Y Rose .~ ~ ~ 

Hill Cemetery CO., 70 IU 191; Artna 1"s. CO. v 
Chicago C. W. R. Co.. 190 Iowa 487. 180 N W  
GL9, 16 ALR 249; McCtiire Y Chicago. 6. & Q 
R. Co., 131 Iowa 340. I f lS  N W  90% Izrerapp 
1% Iowa 664. 116 NWi 801; rffd 219 Lis 5+9, 
55 L Ed 328.3 I S Ct 25% Randall Y Patch. l!S 
hie 303. 109 A 97, 8 ALR 65: State   star key, 
1 I?  8. 3c ,A 43 I ;  Rutledge CO-OP. .ASS? Y 

Bau$h&:trr, 1 53 hid 3 7 ,  198 A 20, 56 ALR 
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60. AFL Y American : 
20, 189 P2d 912, & 
222.69 S Ct 258, 6 2.1 

61. P 370. stipn. 

62.  Home Bldg. & Lr 
US 393. 78 L Ed 41: 
1481, aKg 189 hi- 
ALF. 150C Edz-ar A. I 
258 US 2-12-66 L Ed 
Brown Holdinz Co. 1 
65 L Ed 877, 41 S Ct 
US 135. 65 L Ed 66. 
165; People by \'ax : 
Guaranty Co.. 264 E 
ALR 297; People e r  t 
I La Ferra. 290 NY 4' 
152, error dirmd 257 
s c147. 

I Cal L Rev 413 (. 
following archquake%. 
Annotation: 14 41 
(power to destroy burls 

63. $ $  i t .  8% sup=. 
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1042; Pcopk Y Bmee. 183 Mich 2.59. 1 4 Y  N W  1.191, affz 189 hfinn 422. 249 X V  334. MG 
IOU. aEd 241 US 360. 60 L Ed 1034.36 S Ct ALR 1307: People by Van Sdiaic" Y Tide  8~ 
561; Stare ex rel. Olson F Cuilford, I74 bijnn Martg. G u m n q  Co., 2% NY 69, 190 NE 153. 
,437, 219 SW 770, 59 ALR 607: Re Casclli, 62 96 ALR 297; People ex rel. Durham Realty 
Zlonr 201, 2U4 P 36% Stare ex rrl. Ylestmin- Corp. v La Fetra, 130 NY 429. 130 NE 601. 16 
Iter Presbyterian Church Y Edgecomb, I08 ALR 152, error dhmd 257 US 6fi5, 66 L Ed 
Yeb 8.59. IS9 r W V  61 7. 27 ALR 437: State v 424, 12 S Cr 47. 
b.mhaok, I92 NC 831, 109 SE 6.3 Akron v 
Yublic Utilities Corn., 149 Ohio St 317. 37 65. Block v Hirsh. 256 US 131 63 L Ed 865, 
Ohio Ops 39, 78 NE2d 8 9 0  State ex rrl. Short .41 S Ct 458, 16 ALR 165: Re Ylumtr  (DC CaI) 
v Rifdell, 109 Okla 3% 233 P 684. 42 ALR 9 F Supp 975. 
r h ;  .\lendio!a v Graham, 139 Or 592. 10 P2d A~ e m ~ r ~ e n ~ ? ,  in  order to justify the inter 91 1; Srreich Y Board of Education. 54 SD 169, 

~~~ 7,% h'arfnli Va venrion of rhc reierie police po%er. must be 
, i95, 1 3 ~  ~~ jo8. jj ALR 781;.Swte ~~, rtl. temporary o+it cannot be said IO be an ems- 

tempomry piriod, then it  IS no longer an m e r -  
gency. but a status, and can furnish no ba-' or . 60. r \ r ~  ~ ~ ~ r i ~ ~ ~  Sash D ~ ~ ~ . c ~ . .  67 A& authority for legir!ative action in contravention 
of, or inconsistent with. the  proiisions OC th: 
state and fedcnl constitutions. First TNSL Joint 
Stock Land Bank v r b p . 2 2 5  Iowa 1331. 2S3 
MY 441, L20 ALR 932. 

R ~ ~ ~ ~ ,  239 M~ 622. 173 so 966, 

-.- 

Zilllner " Kreunherg, 114 wis 5-30, 
1098. 

NW w c y .  I f a  s o - d d  e m e c p c y  es5ts beyond a 

20. 189 PPd 912. affd 335 US 539. 93 L Ed 
???, 69 S Ct 258, 6 AL92d 691. 

61. $370. supn. 

6% Home Bld;. & Loan .Asso. v Ehkdrll. 2% 

I 1181, affg 189 blinn 4 l2 .  249 X W  334. 86 
ALR 1507: E d p  A. Levy Leasin r Go. v Siegel, 
2% US ?$?. 66 L Ed 595. -12 S &t 299: hiarcus 
Bmwn Holding Go. Feldnan. 236 us 170, 
55 L Ed 877. 41 S Ct 465; Block v Hinh, 256 
US 135, 65 L Ed 865, 4 1  s Ct 458, 16 ALR 
165: People by Van Schaick v Title & Slortg. 
Guaranty Co., 2M I4Y 69. 190 S E  153, 96 
:\LR 297. People ex rel. Durham Rraltg Carp. 
L? Fetra. 230 XY 429, I30 SE 601, 16 ALR 

13?. rrrur dismd 257 US 665. 66 L Ed 424, 42 
s c1-17. 

! Ca1.L RW 413 (c.yer&e o f p o l i c ~  power 
~~11o:ring rarihquakc). 
*4nnoi;rlion: 14 ALF'd 73. 5 5  5 et seq- 
QWwr tu destroy building in emergency). 

66. ,,,obi:e 

11 I ivjL jg6,'16q A 177.89 
T h e  character of the situzriort joughht to be 

remedied. and not the existence Of an emer- 
is the goteming factor in determining 

%%r. a statuie is a valid exeicise OF the. 
police pwer.  N'holesale Tobacco Dealers Bu- 
reau, Inc. v Sational Candy 8; Tobacco Co.? I 1  
Cal 2d 636, 82 P2d 3, 118 ALR 96. 

Where legisla&, in enacting mF111mre9 
to cope with a socid emergency, alumcs 
power which by thr.constitution of the snte is 
Pxpressly forbidden to it and is forever ukcn 
out of'rhr p o w r s  of gorrrnmmt o i  the. state. 
the legielaiure i s  prevrritcd by the consiiruridn 
from e,yercising such puwer, no matter what 

' 393. 78 L Ed 413, 54 s Gt 231, 83 ALR 11 1 ALR 3.11). Vanderbilr v  runto on piano co., 
1080. 

63. 8 9  71, 82, s u p m  

E-3. Home Bldg. & Loan ASSO, v UloisdeII. 290 ' 
1523. 

67. Home Blrlg. B Loan &rb. v Blaisdell. 290 cs 398. 78 L Ed 413, 54 S Ct 2!$l, 89 ALR 
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2nd inere Failure of the legislature to limit the operation of an emergency 
statute to a definite term will not render the l a i v  i n d i d  so long as the 
conditio:is which justify its passage ren1ain.m On the other hand, emergency 
Ieglslatioii rnay properly be made operative from the date of beginning of the 
emergency, rather than from the date of the enactment of the st2tute." 

Tine ride is xell settled that if emergency statutes are promotive of thc 
public welfare, they are a valid exercise of the police p o ~ e r . ? ~  

In the enactment of emergency police' measurer, the prevailing view i s  that 
the question whether an emergency exists is primarily for the legislature to 
determine, but that such determination, although entitled to great respect, is 
not conclusive, because the courts in such cases possess the final authority to 
determine whether an emergency in fact exists.?' 

9 372. -Necessity as determinable'on basis of locality. 
In connection with the rule that the police power is coextensive with the 

necessities of the case, it is to be noted that the United States Supreme Court. 
has recognized that the exercise of . the police p.ower may and should .have 
reference to the peculiar situation and needs of the comunity.? T h e  laws and 
policy of a state may be framed and shaped to suit its conditions of climare. 
and soil.'3 Consequently; it 'is established that the vaiidity -of police regulations 
may depend in part on geographic and local considerations." 

It is no valid objection to a po!ice.rey!ation. that it is made applicable only 
to a segregated area or disuict.?J 

Appellate courts, when called upon to determine the validity of po!ice 

63. People by Van Schaick v Title &- Mortg. 
Cu:~rznrv Co.. 264 MY 69, 190 Z'E 153. 9 6  
ALR 297. 

69. Twentieth Century &ssociatrr. Inc. v 
U'aldman. 294 NY 371. 63 S E l d  177. 162 
ALR 197. 

70. Homr B1&. & Loan Arro. Y Blaisdell. ?90 
US 398. 76 L Ed 1 1 %  54 S Ct 231. 86 ALR 
1481: Edmr A. Levy Leasing Ca. v SiegeI. 258 
US ??, g6 L Ed 595. 42 S Cr 259: People by 
Van Schick Y Title & Mnng. Cuannty Co., 
264 NY 69, 190 NE.153, 96 ALR 292 State ex 
re\. Clweringa v Klein. 63  SD 5.14. 249 NW 
l18,56 ,+LR 1523. 

73. Bacon v Walker. 20.' GS 311. 51 L Ed 
199, 27 s ct 299. 

A stste may ~ccomrnodatr irs laws to the 
conditions of an and country and the necessity 
of irrigation to its development. or i t  may enact 
laws suited 10 the conditions existing in a 
mining region Bown Y I.\'al!ing, 204 US 320. 
51 L Ed 503. 27 S Ct 292. 

74. The nccewty for the exercise of the 
police power increnaez wirh chc incrrasr in the 
density of populxion. T u n a  v Kansas Cit?, 
354 &Io 857, 191 S W d  612. 

Puhlic needs, as intrrpreird and spplied to 
the pi:hlic welfare in densely populated dis- 
tTicm. are quire dilicrent from pxblk nerds of 
rural communities MacXzb v Board of Pa& 
Com'rs, 108 Ohio Sr 497. I Ohio L Ab5 760, 
141 NE 332. 

A police regulxion relating to tenements. 
lodgnghouser. and boardinghouses may be 
reasonable in reference to conditions which 
erisL in a large city, but might be unrea~onablr 
if applied to the rmre ar lame. Bonnerr 'Y 

Vallier, 136 ?Vis 193. 116 SLY $5. 
71. B 24-10, supra. 

is, 27 s ct 1. ALR 1357. . .  

75. D t i  &loin- s Manhattan &I Co.. 199 
Iowa lD9fi. I81 X V  82% 23 ALR 1322. supp 
op. reh werr 193 Iowa 11 17. IS8 NFV 921. 23 

72. New alexico ex re!. E.J. >lcLean &- Co. v 
Drnvrr & R. G. R. Co., 20J US 38, 51 L Ed 

i 50 

I &I Am Jur 2d 

re,gu!acions, frecpr; 
tribunals and bodles 
are in,a better poiiti 
ble latitude is somet 
appellate court may 

5 372-'Flexibiity. 
The police povic 

circumscribed by fix; 
and modification wit 
tal control may be z 
conditions.m- T h e  PO 

76. Adams Y Zlilwaukee, 
971. 33 S CL 610, i f i y  I. 
51% Colletti v Swte, 12 C 
OYelT.. 

77. Schrnidingcr Y C h t q  
Ed 364, 33 S Ct 152: Chi 
v McGuire. 119 US 549; 
25% XlcLem Y Arltmszs. 
315. 29 S Cr.206; Green 
Co. (CAI0 Wyo) 63 F 3  
Stare v Garer*ay Monuarit 
257 P 156. 65 ALR 1512 
Ohio Sr 416. 124 NE 2 3 i  
v Stare, 11 Ohia App 10-1, 

78. Thomas Cusack Co. 
526, 61 L Ed 4i2. 37 S C 
187 US 606.47 LEd 323, 
v S w s  12 O'bio App 1M. 

79.9 362,iupr;t. 

83. Holden v Hardy. I f  

131 Corn ?92, 4D , E d  
HoR Y State. 39 Del I34 

780. 18 s ct 333: slurp 

- .  
Inc. v Uapo, 103 Ra 532. 
rel. Davis Y Rose. 97 F1 
Fenske Bros.. Inc. v Vpho 
Union, 355 IU.239. 193 S 
crrt den 295 ES 73, i9 
M5: Pittsburgh. C.. C. &- 
180 Ind 24.5, LO?. IUE 2% I 
147 M d  e@?. 128 h 50. 3Y 
Brazer. 183 Sllich 259. I:' 
US 340. 60 L Ed 1094, 3 
rei. Becq v Houzhron.. 16. 
569. 54 ALR 1012, aRd 2 
832.47 S Cr 4 l k  Lincoln 
Y North,"eltPm iron 8: ? 
507. 31 EiWd 4 i i .  a%i ? 
212. 69 S Ct 251. 6 A I  - ~- ~ ~~~ 

Souihem~Pac. Go.. 215 N 
revd on other grounds 2- 
1056. 35 S Ct 5Y. Smith 
Co.. 1.91 NC 6?3;. 132 S E  







" ,  

9 373 coxs-rrrii-rmxx LAW 16.4 AmJur 2d 

Thi. position has been taken that the power itself does bot expand, but is of 
such 3 rmtui-e in its original scope as to correct new evils as t h q  arise. !E this 
connection it has been stated that much confusion is etiminated bv poindng~ 
out [hat initead of the police power being expanded to mer: new conditions, 
the ne;.; conditions are, as they arise, brought rrithin the immutablc and 
unchanging principles underlying the poiver.$j 

Thtre  is authority to the effect that the police power is of such elasticity that 
the principle of stare decisis has. no application to an exercise O F  the. porvei." 
Stare decisis is a rule of property. This position is taken because, .if .it ..sere 
not, mistaken decisions would destroy that very power of society to protect 
irself, and a new consritucion would be created by the courts. The coi.!rts 
cannot decide away that which the state itself cannot contract away.% 

8 374. Inalienability. 
It is a fundamental principle of constitutional law thai in matters relating to 

the police power, each successive legislature is of equal authority.* A regisla- 
tive body cannot part with .its right to exercise such power; it inherend? has 
authorit.; to use the power again and again, as often as the public interest may 
require.*' Hence, one session or body of the legislatye . may not, by any 
contract .with an individual, restrain the power of a subsequent 1egisIature. to 
legislate for the public welfare.' The  governmental power of self-protection 

pov:cr in the days of our fathers may 'today refuse to curtail new evils from fear of demol- 
seem so utterly unreasonable as to make i t  ishing, outworn precedents i s  .to close the e)es 
diffictdt for us to comprehend rhc exiisrmce of to the necessitie of the timm and rhus fail to 
cunditions that would juztify it. Miller Y Board give to consritutional guaranties rhrir tmc im- 
of Public Works, 195 Gal 477. 234 P 381, 38 pnrr. wilron v Zanepille. 1311 OM- SI 256, 4 
ALR 14i9, error dismd 273 US 761. 71 L Ed Ohio Ops 31 I ,  199 NE 187 (ourld on applici- 
889, 45 5 Ct 460. tion of principle Cincinnati v Currell 141 Ohio 

T h e  police power i s  a Rexiblr, broad, valid- S t  535.26 Ohio Ops 115, 49 SE2d 412). 

. .  

blr ro ior  of~-ovemmmt intent upon keeping 
to &e with a17 public and s o d  needs in the 
lighr of present society. and rherefure whni 
might haye bren invalid when enacted may 
become valid and what may hrve been valid 
when enxred  may become invalid in rhe light 
of c s i s t i n  conditions. .Sew York State Thru- 
way k a h & i t y  Y Ashleg %loror Court. Inc. (3d 
Dept) l? ;\pp D i v  2d 223, 210 NYS2d 193. 
aKd 10 SY2d 151, 218 NYS2d f20, 176 NEZd 
566, remittiter amd 10 SY2d 814, 221 NYS2d 
518. lis9 SEOd 23?. 

As to erne:uency police Ie6;1slarion, generally. 
see B 371. supra. 

95. Srrttler Y O'Han. 6Y Or 519, 139 P 743. 
d f d  2.>3 US 629; 61 L Ed 937. 37 S Cr 479. 

96. AFL %- \$'atson (DC Fid) 60 F Supp 1010. 
rerd 011 ot l i tr  grounds 327 US 562, 90 L Ed 
673,66 S Ct 561. 

'rhF propriery of an exercise of the j q l i c e  
power is to be rested by pres'scnt-dq con tiion, 
rather than by past precedents. IYholedr  To- 
bdcco Dedzrr Bureau. h c .  v National Candy & 
Tobacco Co., 11 Cal 2 1  634, 62 P2d 3, 118 
ALR 486. 
To contiliur to appl) principles in  accord 

with circuinstmces no longer existing and to 

97. AFL v Watson (DC Fla) 60 F Supp 1010. 
revd on other grounds 3p7 US 562, 90 I .  Ed 
873, 66 5 Ct 161: Schmiti v F. W'. Coal 
Brewing Co., 187 Ind 623. 120 NE 19. 3 ALR 
270. 
As IO the ina1,iliLy o f a ' s a ~  to contmct away 

the police power, see § 374, infn. 

Sa. Srate Public Urilitics Cam. ex d.,Quincy 
R. .Go. v Quincy. 290 IX 360, 125. &E 371: 
Board of E d k t i o n  v Phillips. S i  Xan 549. 53 
P 97: Sraie ea rei. Minor Y Gronna, 59 lyD 6i3, 
59 NIY2d SI,!; Shedy v Sourhrrn R. Co.. I ? i  
SC 15.. 120 SE 5Ql. 

99. East Hwtford v Hac'tford Bridge Co.. 51 
US 511. 13 L Ed 518; Gorrler v Copurntion of 
Georgetown, I9  US 593, 5 L Ed 339: Slat 
Public Urilitirs Com. ex rrl. Quincy R. Co. x- 
Quincy. 290 1X 360. 125 NE 37-1: Application 
of Minneapolis S. R. Co.. 225 Minn .4%; 37 
N W d  553; State ex rei. Minot Y GioMa. 59 
ND 673. 59 NW?d 51.1; Stmdy Y Souihrrrr R. 
Co., 127 SC 15. 120 SE 561. 

As to polkc power as a coniinuin, rr one. see 
5 313. supra. 

1.Trxas 8; N. 0. R. Cn. v hlillcr; 221 US 408. 
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C J ~ I ~ I O C  be contractet 
uqe'oF propeay be 
rqsi!+m in paitin: 
injury.' 

T h e  foregoing p e  
CJi:I!Ot barter or b q ~  
concract divest itse!; 
legislation falling' 1s; 

55 L Ed 789. 31 S Ct 53; 
101 US 814. 25 L Ed IQ 
94 US 645.24 L Ed 302. 

The police poh-er. ins\ 
errentill to h e  h$alrh of 
be contmcred a;.ly. Ne? 
Co. % Dr3inage Corn. of: 
453.49 L Ed 631. 25 S Ci 
Th? aurhoritl- of thhe le 

cise OF i t s  police powen 
conrrolled by the action 
lure. IYhite Y Farmers' Hit 
voir Co.. 22 Calo 191,.43 

2. Colorado 8: S. 8. Co. 
281. I P I  P 74;: State Pui 
rei. Q u i n q  R. Co. Y Quiz 
N E  374: Shraly v Sourhn 
120 SE 561. 

3. Home Bldg  &-Loan .. 
US. 398, 73 L Ed 413. 5- 
1-191. zKg 189 >linn E* 
ALR 1507; Conrributorr I 
pia l  v Philadelphii, 245 I 
36 S Ct 3% Adantic C. L. 
23?C'S513.53 LEdi'ZL. 
Case. 163 US 321. 47 LE 
Holden t Hzrdy. 169 US : 
5 GI 393; Sew York. K. 
Bridgeport Tncr ion  Co.. 
953; State ex rei. Triay Y 
So 61; Stare Public Uii 
Qtiinq. R. Go. Y Quinq, 
37-1: Pittsburgh. C.. C. 8: : 
pek 163 Ind 141. 106 NE 
Y Douglass. 100 .Sy 116;,: 
US 488.42 L Ed 553. 19 5 
v Kansas C., S ,  6; G. R. C 
So 190, 62 ,+,LQ 13:2: Dirk 
Paper Co.. 110 .\le 374, 
Hkman. 95 M d  596, j i  h 
89 bid 565. 4 3  A 771; De 
E. 1. P.. Co.. Q5 Jlich 456. 
v'chi-aqn. S. P. 31. g. 0. 
322. 16b XW 339: Stxr v 
H i m  4 5 -  111 SW ZS9: 
Love, I 1 1  hliss 609. 12 : 

,aRd 250. US 603. 6 3 ' L  E< 

Ed 955, IS S Cc 50% Wcni 
391. 91 NIV 421; Chicago 
Slate. 47 h-vb 549, 66 S\ 

Srvrr e.. rei. Ladede G34 I 
130'*10 16, 31 S N  5%:d 



554 

a;:2\x be contracted z m y .  Keither an the e s e r k e  or riziiij gr::;iced rtor tiir 
:::: cf proprrry he wiihdrawn from tit:: implied 1id)ilic to  govw;inwiii.?! 
,cr;;!jtion ;n pxticuI.?rs essrrttial to rile pi-zsei.lation oi' the r-oninu;iiit~ From 

.rhe Foregoing prkciples are ernbodied in the f??tiiiliat- rule that rhe srate 
<::;:;'x barter or bargain away the right to use the police poi*.ei.,3 or by any 
cgt::act divest itself of the. power to provide for acknowledged ohjects O F  
!+lation " falling within the domain OF the police power.' Accordingl~-, t k  

,(.. 's-rIl" I. - I.: I. .Wl JUT I d  h I. 1 Io:'!:iL t x v i  

:j$::\ .z 

j i  L Ed 789. 31 S Cr 53k Stone v Missii+pi. 
!dl CS 514, 23 L Ed 1079; Boyd v A h b ~ m a .  
.;4 I 3  615. 24 L Ed 302. 

. __ ~ ~ 

..3. i Drainage Com. of lUew Orleans. 191 b.5 , - .. .,J. $9 L.Ed 831, 25 S Ct-471 
Tit anhoriiy OF the legislature in the eser- 

cis? of i r i  police powers mnnot he limired or 
~ U T . L F I ? I I C ~  by the actinn of a previous Irgisla- 
tu::. \\'hire Y farriers' Highlinc Canal & Reser- 
%i%J co.. 22 C"10 191.43 P 1028. 

2. Colirado & S. R. Ca'. v f t .  Collins, 52 Colo 
281. 121 P 7.17; Scare Public Urilities Corn. ex 
;el. Quincy R. Co. v Quincy, 290 IU 360, 123 
SE 37:; Shraly Y Southern R. Co., I21 SC 13. 
I!2OOZi.361. 

~.. ,_ 
S Ct 3K3; h'ew Yurk. N. H: & H. R. CO. v 
B i i l p i r r  Traction Co., 63 Cann 'LIO. 31 A 
233: Srate es rel. Triay 'v Burr. 79 €la 290, 34. 
So 61; Srare Public Utiliries Corn. ex rei. 
Q ~ b c y  R. Co. Y Quincy. 290 IU 360. l 5 X E  
S.1: Pirtshurgh. C.. C. & S .  L. R. Co. v Chap- 
peli. 153 Ind l 4 i .  106 NE 403; Commonueali!i 

D~~;; lass .  100 Ky 116. 21 SPY ?33, alfd 168 
CS 4:s. i? L Ed 553. IM S Ct 190; Shrrrepurt 
I k x a s  C..S. & C. R. Co., 167 h i 7 I .  1% 
so 2JQ. 62 ALR 1,512: Dirkm Y Great Sorthem 
P X e r  Co.. 110 M e  374. S6 A 320; State Y 

H;zm.  98 :,I6 596, 57'A 6: Stare v Eroadbclt, 
S9 5% jtij, 43 A 771: Detroit v Ft. \Vqne 8; 
B. I. R ,  CO.. 95 blich 446, 54 NK 9%: St.' Paul 
v Chica-o, S. P. bl. & 0. R. Co., 139 Minn 
3'2. I66 M Y  335: Srare v Crrai X R .  Co.. 100 

Lore. 111 Miss 699, 72 So 183, 8 ALK 894, 
h x l  313. I I 1  NW 250; Bmk of Oxfc>nl v 

255 L:S ti03. 63 L ~d 1165. 40 s C( "2: 
Stat; ex rcl. lac& Gnr Lixhr Co. Y >lurpb:,. 
130 !.lo I O ,  31 S W  594, affd 150 .tis i K .  42 I. 
Ed 535, 18 S Ct 505. \*.'mh~rs v Svae. 65 Neb 
%-t. 91 S\l' 421: Chicago. E. &.Q R. C#.L Y 

SI2:c. 17 lieb 549. 6fi SW 621, alFd 170 US 

57. -1'1 L Ed 948, IS S Cc 513; Cincinyxri Y 
Public UtilitiR Cnm.. 9s Ohio S i  3'20, 3 Ohin 
L ..\b.5 19. 121 XE G88. 3 ALR 705 (oirld oc 
orhrr gt;oundr Unied Fcrl Gas Co. Y lronran 
107 Ohm Sr 173. I Ohio L,\bs SSI. 110 XE ... -~ . .~ .  
884. 29 ALR 342) and ( G r l d ~ o n  other grounds 
New Boston v Public Criliries Coio. IO8 Ohio 
SI 352. I Ohio L =\hi 332. 1.10 XE 607); State 
Y Bunting. 71 Or  259, 139 P 731. affd 243 US 
426. 61 L Ed 830, 37 S Ci 435: Sratc F Kafines. 
33 RI 211, 80 h -13% Shealy Y Soxhr rn  R. 
Co.. 127 SC 15, 120 SE 561; Sabre v Rulland 
R. Co., S6 VI 317. 35 A 693;.>IcKcnna s Srarc 
Highway Corn.. 28 Viis I d '  179. 135 S11/-22 
827. 

T h e  state C ~ U I I I I I  bvgain away its nghc and 
duty IO a d o p  such measura as it mar from 
rime to time deem advirable for the pronorion 
olthchralrh and rnords of persons conked in 
its peml instit~tioils. Jones Hollow M'me Co. F 
Cnne. 13-1 >Ed 109, 106 A 171.3 ALR 1633. 

4. Phillips Perroleum Co. v Jenkins. 297 dS 
F!9. SO L Ed 9-13. 56 S Cr 61 I, reh dm 2% 
US 691. 80 L Ed 1409, 56 S Cl 745; Sanitary 
Disr. o l  Chicaeo Y C'nircd Scam. 266 US 40% .~ ~~ 

69 L Ed 352 .25  S c r  l i 6  Grek N. R. Co. ;. 
blinnejora. 246 US 131. 62 L Ed 817. 35 S Cr 
346; Conrribulors to Pcnns>lvania Hospital Y 
Pliiladelnhia. 2-15 US 20. 62 L Ed 12-1. 38 S Cr . 
35: Chicago & A. R: Co. F Tianhargrr. 232 US 
67, 59 L Ed 1204, 35 S Ct 678; .Snrtd.trd 
Chcinicd & Oil Co. Y l-mi. 201 Ala 89, ??:So 

662, 13 So"602: Amrricm b i o n  Tel. Co. F 
!VurcniUnioa Tcl. CO.. 67 Ala 2 6  Coloiado 
8; S. R, Cn. v Ft. COllinr. 2 Colo 2SI. I21 P 
747:..51ale Puhlic Utilirits Con>. ex rcl. Quincy 

C h i c a p  v O'CnrlndI, 2% lil 591, I 1 6  SE 210, 
S'ALR 916; Otis Elurxor Co. \ Chicago. '163 
Ill A l i )  10.5 NE 3%: Cnion Tmcriun Co. v 

R. co. Y Quincy. m III LWI, 123 'SE 37.:: 
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ie:iclature cannot surrender: ab.dicaie,a or- limit such powers,' eitnc-r by 
aFirmative action or by inaction: or abridge rilein by an!- grani. coi!trac:, or 
di-legarion ~hatsarvcr ,~  and a sratute 5rhich etnbodizs a legislative airemp: to 

f. if. k 0. K.  Co., 139 Minn 3 2 ,  166 NW 3 m. Cape Cinrdcau Y St. Louis S. F. K. Co., 
3% ?,!a 59Q. 267 SW 601..36 ALR 1498; Miles 
C:s Y Board of Health, 3 9  hlonl 405. I O ?  P 
6%. State Y Lookabill. l i 6  Xeb 254, I25 
SII'2d 695. mod on other Founds  176 P+h 
415. I26 NW2d 403: Re Boyce, 27 Ne! 299. 
1 3  P I ;  5ValIace v Xayor, etc., ~ € R e n o ,  27 Nev 
71.  73 P 528: Shelby v Cleveland )fill & Power 
Co.. I55 NC 196, 71 SE 218; Interurban R. E: 
T. Co. Y Public Utiliticr Corn., 98 O h b S t  287, 
120 SE 931, 3 ALR 696 Stare v Bunring, 51 
Or 259, 139 P 531. 3ffd 243 US 426. 61 L Ed 
8 j0 ,  37 S Cr 435: Shealy v Southern R.'Co, 
127 SC 15. 120 S E  561; State ex re!. Gedrge v 
Cicc Council of Aii'.cn. 42 SC 222. 20 SE 221: 
>filler Y Letzerich. 121 Ter 2-19. 49 S W d  40-1. 
S5 ALE 451; Salt Lake City Y Crah Lighr & 
Tmction Co., 5 2  U h h  210, 173 P 556. 3 ALR 
715; Re Cuern ,  94 Vr 1. I10 A 224. 10 ALR 
1360: Sabre'v Rutland R. Co., Sfi Vt 345, 85 .I 
695, 

Soiereign~nuthority cannor direst itself of its 
ordinary police power over persow. tihethrr 
n i r u n l  or artificial any marr  than it can of the 
po;.'er.cn make laws or to punish crime. Cos- 
mopolirsn Club v Virghia, 208 US 378. 52 L 
Ed 536. 28 S Ct 39.1; Wesport v Mulhnlland. 
I59 h!a 86. 60 SW 771 Pennsylvania R. Co. Y 

E%ing. 241 Pa 581, 88 A 775. 

-- 

5. Smte ex~rel. Wilkimon Y Murphy, 237 Ala 
352. 186 So 487. 121 ALR 283; blclnerney v 
Er.ir. (RP) 46 So 2d 458; State Public Utilities 
Coin. ex rel. Quincy R. Co. Y Quincy. 290 lU 
360, 125 NE 374;. Shrewport Traction Co. v 
Shreiepon. 122 La 1. 47 So ' 1 0  St. Pad v 
Chicago, S .  P. hi. & 0. R. Co.. 133 Minn.322. 
166 S1V 335; Chicago, B. & Q R Co. Y State, 
47 S e b  549, 66 iu'W 624. afld 170 US 57. 42 L 
Ed 9.8, 19 S Cr 513: People ex rel. Xew Yoik 
Electric Lines Co. v Squire, 107 NY 593. 1.4 
SE $20, aIid 145 US 175, 36 L Ed 665, 12 S 
Cr SSO Sarnrnons v Beauion, 223 SC 490, 83 
SE'd 153; Shealy Y Southern R. Co.. 127 SC 
15. 120 SE 561; Shea v Olson, I 85  Wash 143. 
53 Pi? 615. 111 ALR 998, adhered to I86 
M%h ,00 ,59P2d llEK5, 111ALR 1011. 

The state may not surrender, or hind itself 

290 Ill 9n0,. I25 SE 3i-I: Vennrr Y Chicago C. 
R. Co., 246 111 170. 92 SE 6?3 (oi-rid on other 
grourxlr Doggcrt v ?;oryh Amerism Lire fn3. 
Co. 396 lil 334. 71 >E?d 6%); State Y Broad- 
belt: 99 hid 565, 43 ,4 551: Lake Roland E. R. 
Co. Y Mayor. etc.. of Baliimore; 77 Md 352, 26 
A 510; St. Pard v Chicago. S. P. &I. &. 0. R. 
Co.. 139 3finn 322. 166 NllV 33% Srare ex rel. 
Lztdcde Gns Light Co. %- Sforphy. 130 >,io 10, 
31 SIV 594, alfd 170 US 75. e? L Ed 935. 18 S 
Ct 505: Shealy Y Sourhem R. Co., 127 SC 15, 
120 SE 561; Victoria v Victoria Ice Light & 
Powei Cu., 134 Va 154. 114 SE 92, ?S ALR 
562; State Y Sensenbrenner, 262 %Vis 118, 53 
NW2d 773. 

When the siifte'i police powerexisis, it  is not 
lost by nonexerciw, bur remains to be exerted 
as local exigencies i n a ~  demand. k ! I y  v Wash- 
ingtori. 302 US 1, 82 L Ed 3. 58 S Ct Si. 

-~~ 
1384: Ft. Smith-; Hunt. 7. A& 556, 82~SiV 
163; Georgi3 R. E: P. Co. Y Railroad Corn.. 149 
Ga 1. 99.SE 696, 5 .ILR I; State Public Utili- 
ties Cam. ex rel. Qliincs 2. Co. v Qumcy. 290 
Ill 360. I25 NE 371: F&mandn-v Alford. 203 
La 1 11: IS So 2d 48% Sr. Pad  v.C!ricago, S. P. 
M. & 0.  P.. Co.. 139 DSinn 3E'L. 166 N W  335: 
I;;llhfclt il Sr. Louis, 357 Sfo 986. 211 SW2d 
911; Cape Cirardeau v Si. Lariir S. F. R. Co., 
305 M o  590. 265 SW 601, 36 ALR 1.185: 

not to exert, its police power. Phillips Pctro- People ex rei. Xew Yo& Elcctric Linrs Ca. Y 
leum Co. v Jenkins. 297 US 629. 80 L Ed 913, Sqmrc. 107 NY 593, I 4  SE 820, affd 145 US 
56.5 Ct 611. reh d m  208 US 691, SO L Ed 175, 3 6 . L . E d  666. 12 S Ct 980: S h d y  Y 

I.fi'?. 56 S Ct 745. Soe:hem R. Co., 12,7 SC 15, I20 SE 561; 
Sowma v Pxkrr. I I2 Vt 241. 22A2d 51). 

6. Coadpnsrer v Southern Ins. Atgency, Inu., 
293 fiy 420, 169 SW2d 1. 

7. Sorihern P. R. Go. v Minne>oca. ?OR US 
563 32 L Ed 630, 28 S Cr 3-11; Jacbonvillc F 
Lrdi i th .  ?6 Fln 163. 7 So S85; St3te Public 
Li i? t i r r  Com. rz rel. Quincy R. Go. v Quincy. 
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T h e  police power can neither be abdicared 
nor barg:iinrd away. and is inalien3blc wen by 
exprns  gmnt, Chicago & A. R Co. v Tranbar- 
ger. 238 US 67, 59 L Ed 1204, 35 S Cr 678: 
A r l h i c  C. L. R. Co. Y Goldrbnro. 232 US 548, 
58 I. Ed 721, 34 S Ct 3%; Chiago, S. P. bl. S; 
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i t i r : ,d r r  0: limii tire srate's police powers r>.o:rId he unconstitutional an:! 
Pursuant to this principle, it is held tllat the exercise o l  the police 

?pi': cannot be lirnked by contract. and it is irnm;rtrrial on what cotisidera- 
me contractb rest, since in all cases it is beyond the authority of a state or 

r;?i?:,icipalities to abrogate this power so necessary to the public safe:).." 
ani a municipality cannot, by contract, foreclose the exercise of the police 
pL,;i.er.'2 u n k s  clearly authorized to  do so by the supreme legislative poiv,er." 
. ~ ~ , d  the courts cannot decide away that which the state itself cannot contract 
'.is-: .I '  Sor, since estoppel is no stronger than a contract entered into by the 
,r,,&p, can the govemmeni be estopped by its past conducr to exercise the 
yolice p o ~ e r . ' ~  

0. p.. Co. v Douglas County, 134 Wiyis 197, 114 12. Chingo, E. - ~ ... - 
X\i.511. US 57. 42 L Ed 948, 16 

.rhe clerKiSe of any parr OF &e police power 
tk , i rz te  ma) noc he alienated or dele ated 

tt2 13 independeni contractor. Industrial Eom. , sl raio Countv, 61 A& 172. 1.67 P2d 113. 

Tsc sate cannot. by virtue of the contmcr 
%'.r:c of rhr Fedem1 Constirution. divest iiselF 

c'>xsct of the right LO exerr i i i  govemmtn- 
:A: inihoniy in nixtern which from their very 
..-,-IC so concern that authority- [hat to re- 
<'m i:, CirrciSe by contract would be a re. 
r-xiation of power to legislate for the preser- 
',+:m of societv or to secure &he performance 
. - i ienr id gu;crnmmtal duties. Contrihurors 

! '-?einsylianid Hospital Y Philadelphia, 243 
i\ 3 . 6 2  L Ed 124, 38 S Cr 35. 
7& nzht LO exercise the police power is a 

. .. K%mg one which cannot be contracted 
;*s. 2nd a requirement thzt a company or m 
z.S:&l cntnpl) with reanonahle police r e y -  
.:::..ai .: -$I! ), ,031 cornpenxttiw, is :he l e g i h a r r  
'..CI!c of ihe power .und no! in violation o i  
.- -- . I -~~nrriruiiunsl inhibirion ngainit the impair- 

or rhr obligarion of contmcts. Northern 
:, 9. CO. Y Stinnesora. 208 US 382, 5il L ~d 
;'!.?S5Cr!j41. 

~ .... 

... ~ 

_. 

.- 
- _" 

i x- n R~ CO. Y xebrasaa. 170 
S Ct 513: Linp 

Lumber Co. v Ha)es (Tcx Ciy .+ppp) 61 SIY'Ld 
83% Murphy v Phillifis (Tes C n  App) 65 S W d  
401, app dismd 123 Tex 408. 53 SW2d 92. ans 
conformed to r e i  Ciu App) 73 S W d  1047: 

Fmpchires, p:ivilegqs. and contrxrs p n t e S  
by municipdide 3Arcting matters corning 
within the policr p m e r  of rhc stare must be 
considered as haiing been granted or passed 
with reference io the power of rhe stare to 
legislate wirh respect to such mtun unfei- 
rered by previsions of such franchises. Grand 
Trunk W. R. Co.. Y South Eend, 227 US Si. 
57 L Ed 635, 33 .S Ct 303: Dobbins v Lo5 
Angeles, 195 US 2?3,4'3 L Ed 159.25 S Ct 18; 
People of iVew York ex ret. Xeh. York Electric 
Lines v Squire. 145 US 155. 36 L Ed 666, I? S 
Ct 880; Railroad Co. v Richmond. 96 US 5?1, 
24 L Ed 731: Colorado & S. R. Co. v Fr. 
Collins, 52 Colo 251, 121 P 7-17; Cape Girar- 
deau v SI. Louis S. F. R. Co.. 305 hlo 590. 26T 
SIV 601. 36 hLR 1388: Stare en rcl. Websrrr 9- 

Superior Coun of King Counry. 67 Wah 37. 
120 P 861. 

T h e  conrriruilond provision against the im- 
pairment of contract obligations does not appt? 
where rhr I@niion which is alltged to irFpair 
a contract right, tinder an ordinance,gmnring a 
privilege. is an exercise of the police po\<rer. 
Ijnion D q  Goods Co. v G e v r ~ a  Public Service 
Cor?.. 142 Ga 641. 83 SE.946, affd 248 US 
37?. 63 L Ed 309, 39 S Ct 117, 9 ALR 14%. 

13. Home Td. &?'el. Co. Y Los Angeles. 2 t l  
US 265, VJ L E d  176:29 S Cr 50: Sumier Cas 
S; Power Co. v Surnrer (Ch-l SC) 283 F 931, 
revd on ocher grounds 266 CS 699, 69 L Ed 
482. 45 S Cr 11: Hnvnr.v Chicaaa & 0. P. E. 

~0 ~, ~~ . -. . , .~ 
R. Co., 294 Ill 413, 1'?S-NE%37. 

14. AFL v \%'atson (DC Fla) 60 f Supp 1010. 
revd on orher grounds 327 US 5% 90 L Ed 
873.66 S Cr 561. 

15, Ackw v B.,ldwiq. IS Cd 2d 341, Il5,P?d 
43% I.aurel Hill Cemeteo Y S m  Francisco. lY2 
C.1 .tG-(, 93 P i l l ,  afid 216 CS 356;54 L Ed 
515, 30 S Cc 301. 
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I n  w t i l ~  5t2tc5 i t  is spccilicallr pros-ided in the state ctmstitutiorls that t!:r 
t:wrciw- of thc police power m;\y n e v x  be zbriclgrd,'5 

l ' h c  ccrrollary that the cliseretiari O F  the Iqjs!a;trre with respect to e;;e:cise 
o!' r h t .  pvlire p o w r  canno[ he parted with any ntore thati the power itsel: is as 
firmly estzhlished as tile general r~11c.t~ Thus,  the legislative authority cannot 
redt.lrptr to anyone'the ultiiriate I-iwht IO determine when. io rvhar extent, 
and i.inder what circumsiances the police power mr~y  properly bc exercised in 
an) giwn case.'J 

0. 

, 3. Wrio MAY EXERCISE Poicrni 

$ 373. States. 

T h e  police po'wer under the American constitutional system ha5 been left to 
the states,i9 and is normally vested in and exercised by the legislative bnnch,'v 
or by political subdibisions of the stat@) or administrative bodies and agen- 
cies' to rbhich the legidature has made a proper delegation of its authority in 

0 

16. Cnpr Giiardeau v Si. Louis S. F. R. Co ... 
305 ?.lo 590, 267 S W  601, 36 ALR I?SS: 
Thonpion v Sinirh. I55 Va367, 154 SE 5i9.  
i l  ALK $04. 

I n  Fernanden v A!ford. 203 b I 11. I 3  So ?d 
483, the court said that the Louisiana consritu- 
riuna! probison 10 rhr et%ct rhar "thc exrrcijc 
Of the p o l ~ t .  power in rhc S m c  rhall never be 
abridged‘. mrdnt litat the Stair lrgklarure 
should noi' irrevocably surrender the police 

.po:,.er o f i h r  itxe. 

17. Tcsar k 3'. 0. K. Co. v >lillrr, 221 US 
406. 55 L Ed i8!), 31 S Ct Xl; St. Louis & 5. 
F. R. Cu v hiathem. 165 US I ,  41 L Ed 611. 
17 S Cc 243; Butchers' Union. etc., Co. F 
Cr'eicent City, erc.. Co., I 1  1 US 746. 28 L Ed 
585. i S Ct 69L; Beer Ca. Y Sl~rmchurrtts. 97 
US 25. 2 I L Ed 989: Srmdmd Chemical & Oil 
Co. \ Troy. 201 A h  S9, 57 So 583; Stare 
Public Crilitier Corn. ex rei. Quincy R Co. Y 
Q1iinc.v. 290 111 360. 1% S E  3%; Board or 
Edacatiam Y Phtllips. 67 ~Kan 549, 73 P 97: Si. 
Paul i Chicazo. S. P. .\I. S- 0. R. Co:. 139 
h!inn Yi2. IG6 &W 935: Srate ex re!. Robert: 
s m  i Lme. I26 Minn 58. l i i  .Sb' 951; Ok!a- 
h o r a  .\!d>olic Beveragc Control Board v Mi- 
lam (Olila) ,393 P2d SY3; Saliunal Bank of 

7 ' o ! i d  Bl&. Y Goldmiirh. YX OWa 45% ?26 
P2d 9;r i  S'iare v Kolinrs. 33 R I  21 I ,  80 ,A -132: 
Shed, v Suuthrm K. Co., 1 2 i  SC'l5, 120 SE 
561; Starc ex rei. Georgr > City Council of 
;tiLen. .I2 SC 222.20 SE 221, 

dletan. 35 Ind 12, revd on orhsr grounds 122 
US 347, 30 L Ed 1187. 5 S Ct 1126: Fn. Y 
Stale, 63 ?ad 552: Sanders Y Commonwnirb, 
117 Ky 1, 77 SW 358; 'State v Old Tavern 
Fann. hc . .  133 M e  468, IS0 2, 473. 101 ALR 
810, Brewer v ValL, 204.NC 1S6. 167 SE 638, 
87 ALR 23;: Smirh Y Fidelity 8: Deporir Co., 
191 NC 643. 132 SE.784, error disrnd 2 i 5  L'S 
503, 72 L Ed S96,48 S Cr  156 State v Sloorc, 
104 NC 714, 10 SE 14% C. A. King & Co. v 
I-lorcon, I16 Ohio St 205. 5 Ohio L Abr 17-$, 
l5G NE 124. error dirrnd 276 US 600.72 L Ed 
725. -18 S Ci. 32% Hide Y Albert E. Pcirce & 
Co.. 147 Or 5 ,  31 P2d 75% State v Ka5nes. 33 
RI 21 I ,  SO .A 432; Shraly Y Southern R..Co.. 
I27 S C  15, I20 SE 561; S1ate.v McKay. 131' 
?'em 280, 193 SW 99: Murphy Y Phillips ?ex 
Civ App) 53 SV2d 404. app dirmd 125 Tcs 
408, 73 S\Y?d 92, una conforned to (Tez Cir 
Ap f 73 SI>'%! 1042 Re Cuern. 94 Vt I. 110 
A g24, 10 ALR 1560: Stare ex rel. Morris v 
\VexVirginia Racing Corn., 133 W Va 179, 55 
SE'Od 253, Brown Y Board of Education, IO6 W 
Va 476. 145 SF. 359,64 ALR 297; 
Axinotation: 2x L ecl923. 

T h e  police power is 1hr inhercnt govemmeri- 
tal power which. under thc fcdeml system es- 
tablished hy the Constirution of the Crtircd 
Stxes, i s  reserved ro the swera! states. Lincoln 
Frdenl Labor L'nion I; Xorrhwesrcm Iron & 
hleral Cn.. I49 Zirb 507, 31 S W d  4 Z ;  zfR! 
33.5 US 525,  93 L Ed 212, 69 S Ct 5 1 .  6 

this respect. I t  has a 
them to cine gcnrraf 
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cion, and the vast fi 
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tion.= 

The provisions ot 

23. Hammer v Dqcnlrz 
Ed !lOl, I S  S Ct 52Y, ! 
brher grounds United S i  
100. 85 L Ed-609. 61 .. ~ ~ ~~ ~ ~~ 

l i30); House v Irlajes. ? 
213, 31 S Cr23-1: Wester 
berg. 204 US 369, 31 L 
Jacobson v'3Iarsachmetu 
643, 25 S Ct358: State e 
193 Ala 500.68 So 'J93; 
?ll 74, 110 LYE 8 iO ;  Srr 
166. 16i SE 638,87 ALR 
8: Deposir Co.. t91 NC.6 
dismd ?is US 505.72 L 
Du:ham Y Southern 11. C 
SE 17.35 ALR 1313.aFfd 
231, 45 s ct 51: Si2K 
Clmdcr. 149 Ohio S r  IE 
7-1 SE2d 62, cen den 3 
394..68 S Cr I52 Chicag 
Bemy, 34 O!dn 321. I18 
OUa 323. 126 P 536. ri 
234 G.S 733. 5 S L  Ed 157 
Y --- Aibrrr E. Peirce 8: Co 
433; Shealy Y Sourhe+R 
SE 561; Murphy v Philli 
SiY2d 404. app dismd 1% 

1047; Sabre" Rutlmd R. 
693; Slate Board 05 Hen1 
Vt  276, 73  A 581: B x k  
I30 SE 5I6, 51 ALR.355 
L Ed 1000, i? .S CI 5: 
Henry. 110 Vu 879. 65 

Va 159. 35 SE2d 263; 
Education. 106 W Via i 
.ALR 29i. 
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