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C. TYPES OF UNDERGROUND
STORAGE TANKS

. Bare Steel Tanks = __

-’

Bare steel tanks constructed of mild carbon steet

.may be used in non-corrosive soil environments to store

%; mon-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 1 and Appendix B. The degree of en-
vironmental prosection provided by bare stecl tanks is

- minimal and ccmqnenﬂy their use has declined in re-

: CeNt YCars. )

. Please mote that many bm steel tanks have a thin

surface coating t0 protect .against rust, This is essen-

tally .2 cosmetic coating, and should not be confused
with more substantial corrosion protection coatings.
Design Standards. The capacitics, dimensions and

- construction details for bare sieel tanks penerally follow

-established standards. These include the following:

- Underwriter Laboratories (UL) Inc.: .

UL 58 — Sieel Underground Tanks for Flamma-
ble and combustible Liquids [6].

National Fire Protection Association (NFPA):
NFPA 30 - flammable and combustible Liquids
Code [19]. - .

American Petroleum lnsutu:e (APD:

API Publication 1602 — Recommended Standord

Jor Underground Gasoline Tanks [21].

APl Publication 16|I ~ Service Station Tankage
Guide [20]. g

APl Publication IGIS - Insrallanon of Under-
ground Petroleum Storage Systems [1).

- American Society of Mechanical Engineers:

o ASME/Pressure Vessel Code, Section VIIL/[14).

e Of these standards, the Underwriters Laboratories

i3 -standards are the most detailed in that they specify

. many of the tank design details. These include steel

¥ o thickness, tank head design, bracing requirements for
mlu-cmnpnmnem tanks. lh: swes of vent connections,

. The American Society of Mechamcal Engmecfs
%= -Pressure Vessel Code may be used for storage tanks in-
e  tended for industrial service.: -

The thicknesses of honzontal atmosphenc -type

N : steel tanks of various capacities as recommended in UL
"¢~ S8 are shown in Table 2.1-2. This standard also recom-
“. mends that the teagth of the 1ank be no more than six
=’ times its diameter [6). As a source of reference, the ca-
5,'_' '“"'pacily “per foot of length for tanks having diameters of
-+ 24w 144 inches is given in Table 2.1-3,
- instaliation of Umderground Steel Tanks.
Sourccs of information and recommendations of installa-
~- tion practices for underground storage tanks include API
-~ Publication 1615 [1], NFPA 30 [19] and the New York
" State Department of Environmental Conservation (NYS-
56) manual cowering ﬂandards 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
guarantzes and warrantees.

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

®AL least 6 inches and preferably 12 inches of well-

compacted sand or gravel placed underneath the

wnk.

®A minimum tank clearance of I2 inches in all

horizontal directions.

oln areas not subject to traffic, the cover depth

shouid be a2 minimum of 24 inches, or not less

than 12 inches plus a reinforced concrete siab not
less than 4 inches in thickness,

®Where 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 1o be applied, soil
conditions, topography, and suction pumping lift re-
quirement [1].

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 [19].

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 insiallation. It is important that the
backfill be 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).
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FOREWORD

The prevention and detection of product leakige from petroleum storage and dispens-
ing systems is important to both industry and the public This recommended practice is
offered as a guide for voluntary use by architects, engincers, marketers, jobbers. and con-
tractors in the design, use, and maintenance of such systems.

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

The Amencan Petroleum Institute takes no position as to whether any procedure, method,
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 graat the right, by impli-
cation or otherwise, to manufacture, scll, or use such procedures, methods, devices, or
products so covered nor does it insure anyone agamst liabiliy for infringement of such
patents 0. ~opyrights.

This publication is availablc for general use by those interested. but the American
Petroleum Insttute shall not be responsible or liable in any way for loss or damage resulung
from such use or for the violation of any federal. state, or municipal regulation with which
it may conflict.
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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 tank systems, as defined in 2.1, at marketing
and distribution facilities, as defined in 2.2.

1.2 General Provisions

1.2.1 This recommended practice applies to underground
petroleumn 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 storage tanks for liquefied petroleum or natural

gases. :

1.2.2 In particular installations, the provisions of this
recommended practice may be altered at the discretion of
the authority having jurisdiction afier consideration of special
features, such as, topographical conditions, barricades, walls,
water tables, soil conditions, and proximity to buildings and

adjoining property.

2—DEFINITIONS

2.1 Underground Petroleum Product
Storage Tank Systems

Underground petroleum product storage tank systems are
tanks totally buried underground and the related system com-
posed of storage tank(s), product line(s) to dispensing
pump(s), vent hine(s), tank fill line(s), dispensing pump(s),
dispensers(s), and appurtenances for the storage ot dispens-
ing of petroleum products. This recommended practice does
not apply to aboveground storage tanks that are partially
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

Marketing and distribution facilities are retail, commer-
cial. and private facilities that store and dispense flammable
or combustible liquids to consumers. This recommended
practice does nuot apply to distribution  centers with
aboveground tankage or to product pipelmes, both of which
are covered by other standards.

2.3 Authority Having Jurisdiction

Authoriny having jurisdiction shall mean the organization,
office, or mndividual responsible for approving equipment,
installations, or procedures.

2.4 Combustible Liquid

A combustible liquid is a liquid having a flash point at or
above 100°F (37.8°C).

2.5 Flammable Liquid

A flammable liquid is 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.

2.6 Listed

Listed shall mean equipment or materials 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 listing
states either that the equipment or material meets nationally
recogmzed standards or has been tested and found suitable
for use in a specified manner.

2.7 Operator

The operator is the lessee or person(s) in control of and
hasing responsibility for the daily operation of the facility
for the storage, use, or dispensing of flammable and com-
bustuible liquids.

2.8 Owner

The owner is the person(s) who owns the tank storage
system used for the storage, use, or dispensing of flimmable
and combustible liquids.
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6 2.9 Product Line Leak Detector

A product line leak detector is a device used to detect prod-
uct or pressure losses in a pressurized product line or a
remote pumping system.

2.10 Remote Pumping System

A remole pumping system is a pressurized product line
system in which flammable or combustible liquids are sup-
plied to a point(s) away from the tank(s) by means of a pump-
ing unit(s) in or on the storage tank(s).

2.11 Suction Product System

A suction product system is a nonpressurized product line
system in which flammable or combustible liquids are re-
moved from the storage tank(s} by means of a pumping
unit(s) located at a point(s) away from the storage tank(s).

2.12 Product Handling System.

A product handling system is a system composed of storage
tank({s), product line(s}), vent line(s), tank fill hne(s), pump(s),
dispenser(s), and other apppurtances for the storage, use,
or dispensing of flammable or combustible liquids.

2.13 Observation Well

An observation well is a dug or drilled, cased well that
can be used for detecting the presence of flamrmable or com-
bustible liquids and is drilled to a depth of approximately
24 inches below the tank bottom.

2.14 Secondary Containment

Secondary containment is an impervious barrier installed
so that any volume of matena! leaked from the storage system
is prevented from reaching the lands and/or 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
Tanks

3.1.1 NEW FACILITIES

3.1.1.1 Tanks shall be designed and built using noncor-
rostve material or cathodically protected steel.

3.1.1.2 A steel systemn as described in 3.1.1.1 shall be
cathodically protected by 2n impressed current cathodic pro-
tection system, sacrificial anodes, or some other iype of
equiralent protection If a cathodic protection system is used,
it shall be maintained in accordance with 4.2.2 5.

3.1.1.3 Cathodically protected steel or approved noncor-
rosive coated steel underground tanks shall be set on a firm
bave and surrounded with at [east 12 inches of noncorrosive
inert material, such as clean sand or gravel, well tamped mn
place. The tunks shall be placed in the hole with care. Drop-
ping o rolling the tank 1nto the hole can break welds. punc-
ture or damage the tank, scrape off the protective coating
of coated tanks, or damage attached cathedic protection.

3.1.1.4 Cathodweally protected steel or approsed noncor-
rosive coated steel underground tanks shall be covered with
a mmum of 2 feet of sand or shall be covered with not
less than 1 fout of sand on top of which shall be placed a
slab of reinforced concrete not less than 4 inches thick. When
tanhs are, or are likely to be, subjected to traffic, they shall
be protected from damage from sehicles passing over them

by at lcast 3 feet of backfill, 18 inches of well-tamped backfill
plus 6 inches of reinforced concrete or 8§ inches of asphalt
paving. When asphalt or reinforced concrete paving is used
as part of the protection, it shall extend at least 1 foot horizon-
tally beyond the cutline of the tank in all directions.

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

3.1.1.6 The entire installation shall comply with the latest
requirements of the National Fire Protection Association
(NFPA)! 30, Flammable and Combustbie 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 o
final bachfilling.

3.1.2 EXISTING FACILITIES

3.1.2.1 Ifit is necessary to replace or coat the interior of
an underground steel tank that developed a corrosion-induced
lezk, consideration should be given to coating the interior

'Nationa! Fire Protection  Association, Baterymarch Park, Quincy,
Massachusetts 02269

nternatiopal Conference of Building Officials, 5360 South Workman Mill
Ruad, Wrtier, California
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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 3.1.1.1 through 3.1.1.7. If the interior of
an underground steel tank is being coated and the soil
resistiviry 1s less than 10,000 ohms per centimeter, the tank
should be provided with cathodic protection.

3.1.2.2 Dezterminations to replace unprotected steel tanks
should be based on specific site and soil conditions.

3.1.2.3 Tanks constructed of corrosion-resistant materials,
cathodicaily protected steel tanks, or noncorrosive coated
steel 1anks need not be replaced based on arbitrary factors,
such as age, alone,

3.1.2.4 Cathodic protection systems for steel tanks should
be monitored sufficiently to ensure that continuous protec-
tion is being provided as prescribed by the designer or the
manufacturer or both.

3.1.2.5 Tanks 1o be abandoned or removed should be
handled in accordance with AP1 Recommended Practice
1604.

3.2 Piping
3.2.1 NEW FACILITIES

©3.2.1.1 All underground piping shall be approved

nonmetallic pipe or cathodically protected Schedule 40 steel
pipe. If a cathodic protection system is used, it shall be main-
tained in acccordance with 4,2.2.5.

3.2.1.2 Product hines shall be installed in a single trench
between the tank area and the pump island. Similarly, under-
ground vent lines shall be installed in a single trench. If
secondary containment is provided, all lines should slope
towards the tank area.

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

3.2.1.4 Al 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 backfilling, :

3.2.2 EXISTING FACILITIES

3.2.2.1 Replacement of underground piping shall be done
in accordance with 3.2 1,

3.2.2.2 Repair of underground piping shall be done in
accordance with generally accepted industry practice.

3.3 Pumping Systems )

3.3.1 NEW FACILITIES

3.3.1.1 Remote pumping systems shall be designed or
equipped so that no part of the system will be subjecied to
pressures above allowable working pressures.

3.3.1.2 All new remote pumping systems shall be equipped |

with a product line leak detector. Leak 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, incorporaung a fusible
lirk or other thermally actuated device, designed to close
automatically in the event of a severe impact or exposure

10 fire, shall be properly installed in the supply line at the ’

base of each individual island-type dispenser. The automatic
closing feature of this valve shall be checked at the time of

initial installation 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 3 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 overspeed fol-
lowed by slow pumping, erratic liquid flow (indicating an
air and liquid mixture), continued 10ss of prime in the pump-
ing unit, or others]. In no event shall the operator or his
employees tamper with the leak detector.

3.3.1.6 When advised of a suspected leak by the operator,

the owner shall take immediate action to verify the opera-
tion of the pumping system. Should a loss be determined,
the owner shall take immediate cortective action. The
affected pumping system shall be taken out of service until
the necessary corrective action has been taken.

3.3.2 EXiSTING FACILITIES

3.3.2.1 It is recommended that existing remote pumping
systems be equipped with product Line Jeak detectors. Leak
detectors shall be tested in accordance with 4.2 2 6,

3.3.2.2 A bsted, rigidly anchored emergency shutoff valve,
incorporating a fusible link or other thermally actuated
device, designed to close automatically in the cvent of a
severe impact or exposure to fire, shall be properly mstatied
In a remote pumping system supply hne at the base of each
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individual island-type dispenser. The automatic closing
feature of this valve shall be checked at the time of initial
installation and at least once a year thereafter by manually
tripping the hold-open linkage.

3.3.2.3 The operator shall immediately advise the owner
should a leak detector signal a suspected product loss or a
suction product system indicats 2 symptom of a potential leak
[that is, a meter display jumping or skipping, liquid not be-
ing pumped when 2 pump is on, initial pump overspeed fol-
iowed by slow pumping, erratic liquid flow (indicating an

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

3.3.2.4 When advised of a suspected l=ak by the operator, _
the owner shall take immediale action to verify the opera-
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 Inventary Control for New and Existing
Underground Facilities

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

4.1.2 Daily inventory shall be maintained by the cperator
for cach tank system at each location. The inventory records
for the immediately preceding 12 months shall be kept at the
premises.

4.1.3 Inventory shall be based on the actual daily measure-
ment and recording of tank product and water levels and the
daily recording of actual sales, use, and receipts. 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.

4.1.4 The operator of the location shal] be responsible for
notifying the owner or person(s) in control of the facility to
take action to correct any abnormal loss or gain not explained
by spills, temperature variations, or other causes. .

4.1.5 Failure to maintain inventory procedures and records
as indicated in 4.1.1 through 4.1.4 may reselt in penalties
by enforcing authorities.

/ 4.1.6 Asa minimum, the steps described in4.1.6 1 through

4.1.6.8 shall be taken in an expeditious manner when daily
inventory records indicate an abnormal loss.

4.1.6.1 The inventory records shall be checked 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 person starting from a point in time where the
records indicate a no-loss condition.

4.1.6.3 If the step described in 4.1.6.2 confirms an apparent
loss, the readily 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 not disclose
a leak, the dispensers used with the particular product
involved with the apparent loss shalt be checked for calibra-
tion. The drain plugs within the dispenser should be sealed
by drilling holes in plug protrusions and inserting wire lead
seals. Fill pipe openings should be locked to 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 to the authority having jurisdiction.

4.1.6.6 If the steps described in 4.1.6.1 through 4.1.6.4
do not explain the loss and if the piping system can be tested
without excavation, the piping system between the storage
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 test, such
a test shall be conducted after a storage tank test has been
performed in accordance with 4.1.6.7.

4.1.6.7 If the step described in 4.1.6.6 does not disclone
a leak, the storage tank(s) shall be tested for tightness in

- eemetima -
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accordance with NFPA 329, Underground Leakage of Flam-
mable and Combustuble Liguids.

4.1.8.8 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 person. Additional surveillance of the facility should
be engaged to ensure against unauthorized removal of
product.

4.1.7 Daily inventory need not be maintained on those days
that an installation is not in aperation. When the facility is
not in operation, the daily inventory may be waived for
periods not to exceed 13 days.

4.2 Testing
4.2.1 NEW FACILITIES

4.2.1.1 All piping.shall be installed according to the
manufacturer’s recommendations. Before being covered,
enclosed, or placed in use, the piping shall be hydrostatically
tested to 150 percent of the maximum anticipated pressure
of the system or pneumatically tested to 100 percent of the
mavymum ant:cipated pressure of the system, but not less
than 50 pounds per square inch gage at the highest point of
the system. If a pneumatic test is performed, all joints and

- connections shall be sprayed with a soap solution, and the

test shall be maintained for a time sufficient to complete
visual inspection of all joints and connections, but not less
than 10 minutes.

4.2.1.2 New underground tanks shall be tested for tightness
hy drostaticatly or with air pressure at not less thar 3 pounds
per square inch and not more than 5 pounds per square inch
after mstallation but before being covered or placed in use.

NOTE A pressure tests shall pot be conducted after petroleum product
has been placed in the tank

4.2.1.3 Product line leak detectors shall be tested for proper
operation before the remote pumping system is used after
imtia] installation.

4.2.2 EXISTING FACILITIES

4.2.2.1 The awhonty having jurisdiction may require the
operator of an underground storage system to test the system
tor tightness. at the operator's expense, when accurate daily
imentory records have not been maintained as specified in
+.12

4.2.2.2 The authonty having jurisdiction may reguire the
owner of an underground tank storage system 1o tust the
system for tightness at the owner’s expense when inventory

records reveal an unexplained loss as specified in 4.1.4 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 in4.2.2.1 and 4.2.2.2 shall
be by a pipeline test with liquid as specified in NFPA 329,
Underground Leakage of Flammable and Combustible
Liquids.

4.2.2.5 If a cathodic-protection system is installed, an
ongoing preventive maintenance program shall be used.
Where sacrificial anodes have been installed, 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 performed at a protected site, cathodic protection
should be remonitored 6 to 12 weeks after work is completed
and 1 year thereafter before again extending the inspection
interval. If an impressed current cathodic-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-to-soil and structure-to-structure potentials and
the rectifier voltage and current output.

4.2.2.6 Product line leak detectors shall be tested for proper
operation on an annual basis.

4.3 Observation Wells
4.3.1 NEW FACILITIES

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

Note: Observationt wells should be adequately wdentified 10 2+ ord confu-
sion with product fill openings

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

4.3.1.3 Ohservation wells shall be installed with a pipe scc-
tion having 0.020-inch maximum slots with the slots extend-
ing to within approximately 12 inches of grade. This' will
atlow detection of product leaks on a fluctuating water table
and will eliminate well plugging under most soil conditions;
blank weli piping should extend the remainder of the distance
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to grade. Observation wells should be capped and protected
from traffic with & manhole and cover..

© 4,3.1.4 With secondary containment, only one observation

well is required. This well should extend to within approxi-
mately 6 inches of the bottom of containment material and
have pipe with 0.020-inch slots to 24 inches above the

. designed water level within the containment system.

4.3.2 EXISTING FACILITIES

4.3.2.1 Observation wells should nat be arbitrarily required
for existing tank installations.

4.3.2.2 Observation wells may be required where inven-
tory controls are not maintained as recommended and a local
authority required them as a result of a suspecied 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 QObservation wells, when required, should be

instalied 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 w hen sole-source aquifers are determined to need
such protection or groundwater below the facility is within
the cone of influence of municipal water wells. Where private
potable water wells are within a minimum of 300 feet of a
tank installation or hydrogeologicat conditions indicate that
8 potable water well could be contaminated by a tank leak,
sccondary containment is recommended. .

4.4.1.2 Secondary containment should be engincered for
specific site conditions using the best current engineering
practices and petroleum-resistant materials.

4.4.1.3 Secondary containment for locations with water
table elevations normally within the tank hole excavation
should consist of an impervious barrier on the tank excava-
tion walls. ‘The bottom should not be enclosed with the imper-
vious barrier because the water table will allow detection of
any petroleumn product 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
bottam of the containment area via overflow piping or other
similar system. Any leaking tanks shall be readily detected
by daily inventory control becavse the tank will be taking
on water. Where feasible, the overflow water should be
allowed 1o discharge into the ground outside the containment
area, to a dry well, or 10 2 storm drain or sanitary sewer,
as appropriate.

4.4.1.5 Where required for new tank installations, secon-
dary containment is recommended under all underground pip-
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 10 be recommended or required.
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2. INTRODUCTION AND PUTPOSE

Any anrchandising operation m which a coipmadity
i> hapdied in bull 1~ susceptible to stock or woaeiery
losses. This prohisin becomes even morz cuticd! of
retail vaiiels seibrg rotor fuels since the princpud bulk
commod:t, handied 12 volatile. Thus, specr core must
be excrered o held produci losses to o inimunt so
as to previde oosace environment fof the operator,
emplevess, customers, and neighoors: to mimimize air
aud water polluton; cnd to max:murd profiis.

Th: negative effec: of product losses on profiis needs
no evplanatien Hosever, the operator should uader-
stand he. as well as the owner of the uand' tgrrind
storage and dispensing equipmeni, may be subticer o
financial penclies imposed by governmental cgencies
if preduct ivakoage ceuses contamination. He may 2hw
be liabic tor personal injurics and property damage
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inventery coat ol records,

oy i Y » T S v I
4 . q‘J g it / T Y P -.
3ol \ _'E,;-"n i el ‘ I'...!.n—-r:—-"é':' .‘"n.’-_""; L / ‘&, H
{"' s ' LA SN Y 7 N e - P . [ /, e
W U N LN P LI S I bl W VS A o TR S —nee B 3
13 . .




Avre g P

b4 .

AR amA s o m hs mm e e ey ek W wm e et

3, ACOCUNMNTING SYSTEMS

The mewssity of Lolshiog and eaing an i ate
goioanitn. sysiem, ros only for Bnwmtant, Let b D
tosines, in gareral, congot broeersen! Ovead o
very abnp's by stem mev Be adeguats Lo central
varrof " o'k Dol st bat it e w the it mpor-
te e thar T s ioovery Ay,
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Ay am naa, the sesteon shontd cleddy saow ek
day the foliowing mivrmatwn for cach gouds 0ty
ub stk tig.id produst:

1. A recosd of oF bulk Hquud receips (3., defiver,
joveices).

2, A record of WY buik liguid sales (obteised from
the fue! dispeiacis}.

3. A tecord of baik liguid used other thar thet sotd,

4. A dsile roconciliation betweent soivs, usd, rer Sipts,

ana “rventory-cn-hand.

Many Cfferent acceucting systerms are & aflable,
Most supplving oif companiey will advise thes epora-
tors as to the proper accounting prov riures (o he Geed,
including the use of swiable aecouebie ferne and
wacre they may b2 obtaged (a vympic
inventory record is included as Ag, :adiz 4 v

dary riaaiive

Onge the operator bas adoptad a systere, be shawld
use it conscientiousty aad accordiny 10 e i s'r.'.wm.
¥n some caser, the circwastances of a1 indrl ot vpera-
tion may hr sweh tha aftor a foaseaskic Fuiead of ww,
th: systent catt he staplifad sodnout vpabiimy |- pre
SNe OF aufasntad to provids additonm aooeirng, -
formatice Fusewr, te be of ful U

F TR L
nc matter ke i aadified musr beus -l zath,

4. SOUACES OF LOSLES

For the purroee ¢t this diseussion, ! oms. aee ¢ Lided
i two cuteprees those winch o wpase bty T

ciuse o the oxturs o the busicesy aad m.: ‘e
tes of the fupad, ael thosy whi vut U
and reduced by 6ONowing Lpee el
procedires
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o wessieabih sack o The operatr
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the Tt peoduent be bandles A postion of i predas
A v toge weakl wibl vapotive L oceupy the empty
poriion o 112 ek as a sapor-air mnor:, Whee prod-
uct @5 twrnved, fo o valent volume of vap st-ale mix-
wre s forced At threagh G veots by the lncoming
arodutt Where vrpor amisvion coatech eauipment is
e e, B vapor-wie mixture i retucaed to the tank
veck mng the Jd.livery.

Regardizs «f whethar the ¢torage system is ot &
not equipped with vapor emission cuntrol eguipment,
vapor-air mixtury = cldom, ¥ ever, expelied from under-
grovnd tarks exoept duning duiverics. The only o
umes when this condinon cocid, occur ace when the
vapor-1ir tustiee eagands as o resalt of an increass
intew govee of waen the berometeic pees.ure changes,

The wmporature - the groend around undergrovnd
ranks o 5 ot Loy cppraciably from day to day. Esen
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@ 1NV oo witl nog be expelled. teom ths vemt
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et e beioy forced cut.
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than twew sl oucar when deserizs wre made to
the o . werrd tofds pee o amid that they could
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In «illion to these nmormal lowigs, the o rabow
should recognize that an appzrent roduction of isven-
tory will ocerr when a new outlet is openued or tunks
and hnes are repaned &t un existing outlad cand the Jis-
pensing pumps are thea placed In eperudon. this by
vaused by the withdrawal of product necessary Lo ik
the lines. IThe operaror should gage the tanks andg if
necessary, muke an adjustment to his records  Neither
the line 8l nor the unavartable product 1a the tank -
low the suction stub should be considered los! sinee the
praduct remnins at the outlet and can be recluinenl or
accredited as necessary.

6. MAGNITUDE OF NORMAL LO=%=
The variances which iave been discussed cannct be
controlled by the operator, as they are inherent in the
retail outlet operation wnd in the characteristics of the
product haadled. Data from a Trenswmy Dreparniont
survey of regional differences between the veivme of
gasaline received and the volume dispensed at retail

P15 ¥
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Fr~Bulk Lizund Sieeh Cortrol 2t flatail Qullsta 3

ovtlets showve! that avercge geographis varii. ces ware
within the range of < .27 percent to — 0.40 percent.
In the -g.coate. thew variances are small encuzin to
fart withm th_ Lmits of pood business operaiing «.er-
head and «Foald be cosilered us such by the oncrator,

It s apprent from the foregoing tht a single or 7b-
selute figure caneot b doveloped to characisrize the
garavord e losses of ewoline at soectfic retail outlets
due to hrokage, vaperizetion, meter ealibration, and
oiher chasiy An oporaar siould expect small vuria-
vons i brs inveatory centrol. However, Tosses peperally
should not emceed wne %07 of one pereent (0.3 percent)
or fiv: gaflens of ever, 1,000 gallons delivered Any
outlet op :rator whuse losses exceed this amount when
measurcd over eatended periods of time should core-
fully ex1iune his operaiing practices, Of even greater
concerr -houhd be sudcor, unexplainod variances from
the ovod-thbed potiorr or small but crowing daily 1asses
{the sten: 10 be tuken shen inventory records indicate
an snexplomad varizn-e are outlined in Appzadix C).
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7. CONTROLLABLE LOSSES

The largest stock iosses ip a seivice statian opelation
occur from practices and cond'uons which are wethin
the operator’s contrel. These include ks, Wpiis, thets,
and produst used on the premises. The Twger fae
operation and th. mote persoas employed. the moie
firoessiry It beccines to adhere rigiliy to estublished
procedures for go.d stack coatrol if the busiagss is to
he succes.ful.

7.1 LEAXAGE

Leaks can occur in disperning equinront, undwvi-
ground piping, or tunxs. Losses trom this souree con e
reduced by proper product ncsountability, by reguks
inspaction of the visibie paits of the product handhing
system, :nd by the prompt recogniticr of symptonr
which «ndicate 1zoks ia the underground portion.

The dispensing cquipment should bhe mrpected ar
least once & week. If possible, thiy inspeciiun choe'd
be made witile the equipment is operatirg, Woreas. tin
operator might tighten a leakiag coanection, he shoutd
not attempt to correct a condiiion requirng oxiemsiv.
repair. Under no  circumstances LY Py
carnectiony be broken or discunncctec, If rururs or
adjustments ate requiced, the operator skould e
diately nocify those responsible {or mai nenance of the
equipment.

Evidznee of lakage from buricd equipsmznt cun be
gathered from iaventory control records and from ab-
normal vperation of pumping cquinmeat Some of the
more ¢bvious symptons of su-t lecks are:

spogl}

1. Less of product in a task durte_ poriods when
pruduct is rot dispensed woon fly indicates a lenk-
ing tank, but might also indate 2n wnaccoun.ed
for withdrawnl, theft, or oxtreine tompiature
change.

0% ]

An unaceeunichle increase 10 wiser s p0ovnder
ground taal muy be cuived by o Leak nabe (et
1 the grounc surrounding it is sutw.atnd Ulndder
such circumstunce s, watp may le .k i i as
instend of procuct feobiag ov o an
vaier may abe be cauwstd oy o L
L cop, and thuwe henbr he (anepencd o d
woertisht, of moeessary Swelare oo Neinag Lt
th tank i oo fault,
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3. Increasing dilterences botwaen tne cntwes ol
product rectived and disponssd (o
meter caltbration prohlem, thut, or
or piprag. In this case refi-to Ap, sdin O
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4. wope fill Loxos are keoated yamseciy from the
tuliks, forge ditferences anpeodng consivizatly be-
tweon the eatounts inveicad end the tink goess
abter dod™ e ns maw slicnis o jeak in e remote
il hpes B ety e tiae kol b tested

§. A hesituton i the deliveny from g s2iddard dis-
peosing maan may andeate a loak in the suction
rung  althiough such hasiteion @i/ also be
cused by o leaking fooi v:ie or, in warm
wenther, by vaporleck  Shotid this ocecur, the
wvepiory coatrel records oo, indwatc whether
the canse iy onrctomicat or whother product is
actuzily beiag fost.

6. In a remoic puniping sy-tcm. nitter spin without
product debivery may indhoat- a piptay f2ak.

7. Gasoline odor in spaces belevr pround aljus:at
to the stitiwm inay be evideoce of undorgrornd
leaks, whener in the t2a': or piping.

Siicuid tie coorator obresse any of the foragaeg
symptons, he shouid Gnmodiag:iy notify tie-e respon-
sbic for motntii: inyg the equiymnent. He shauld not at-
woapt to correct Sie condition Bimse:®, o3 the opiration
inay St elve som + hazand 2ad may reguire spesial equip-
mere, Further, in sum. loations, onl. speciatty licensed
meck i s can wirk on statien cyuipmant.

It s ine odors ace Jetoaed woan of-pre wenty loca-
doen o i aiere s evidenes of leakuze ot the cutlet, the
lecud i L department and the maneris) of uidergronad
store and dispensng cquipment <toald Se notified
imm.inatly,
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7.2 SSILLAGE

Sealfzze osses can conar dwirg recain, of proguct
the trusk hese connections are oot properhy aade
either at thz truck or m the Ll box. Thest conncinnr
should b2 obscrved by the operator at b Pegane: -
tae dolivery and correctn s mads i roeessary.

Inspucion of the tmuck’s comp riment. fo 1w - 2o
they are empiy may prevent a spill camsed b ooy
ture rem.nal of the trch hose fron the B0 iox when
delivery 5 miade From 2 cunbraie ! compa-unert by
gravty.

Core should be exaiced to wed cverilling che
undergrounda storage tanks The ' Procudhce for R
cept of Product,”™ (paye & S E) iF Dollows | vy -
verz spillag_s from this sovrce

7.2 TEESY

Aithough los through thefr wili 2o comnuonly oo,
it must b2 considered The accounting systen musi pro-
vide for periodie chechs of purchasss, s, a7 invep-
turies, I owcessive varistians of inveatory ace revealod
oy osuch (hocks, the fecitties of the outlet asd th-
operating procedures shovld be rerubiized Slosely, T
t's examination does not indicuse the cawse of the
yanavor, the 2ossivility of theft nuat oe ewplored. The
stok-iavanicry contrel system shouid pe desisned to
talie inta censideration the fact thor the pormal causes
fe:c loss ra, be utitived o cover up fruudalent ooeie-
tions. Therofoere, 10 prevent loss by it the cperawer
st matkian a consiant and curelli watch onver the
cpnraren of the systed and mmmacdancly ineesigai

ary abnormild loscas,

7.4 FRODRUCT USED CWN PRENMGESR

A carefl! record shomid B kent 8ol poocves G-
psed {07 use on the p.emises cr for the por sonl o -
o: the operrver and his employees, Such witindron, s

must be poocerly accounted Jor 3oth suwk Lopmad

raeord is 0 show a tree picteme «f ey nd 1 oseos

fovses caniot £ ascertiorad wich roy oo oo
auracy without posd cuang procsdoocs sl peepedds
w1 td dispe ang mees . The provohss - e g
seohiney oo the fodowh g sectin b, de o L
O Arccnain By, and the peractiont for 1
o the gage stick (Apper it D) ore dosizar 2ot aist
ihe dealer ia cocurately accounting for s Lafh hoaed
sic 3,
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8. PICCEDURES FOR REDUCTION OF

CUNTRCLLAELT LOSSES

15 are recormmendad for use
mag an acoerate inventory of bulk bquid
ALY It iz recognized thet the frequenecy of thase
proc: fusss will very when apphed to the wide rang? of
2 cwldt eperations dispensing motor fuel. but, xt-

The 'olleveing ponced:
IR ToH

e

L)
Ferenae 1o ive basiv printiple of mainiziaing a sound
At ceeted systens will minimize losses and pre-
¢ enhy tetection o b uses in excess of nmoneal wa-

PRHIOE
A Do Beasduees
oo e vz o donieo of badnesse

b read s mite winlen Tt e cutlet s
covatins Gin e, N nceanicg aid ouigving
ctnoosnpervioeng shosid perfoom iy daty -
gorewr, §F the L aor precued, the woming
Switaor Ghoud s mahe mvwer secding s his fir t
Coaned stbeehg o check any readings bt um
fnyothe sereras of e vre i s shift, T e
anezt e closed - b omight, comipres Jie opening

oahm o wikbe by previons elo ing e ding

-
-
-

-
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& Amnancz §etroleum Lostitets

b. Cage all tanks (detaiivd proo-iue: is il e b wit ensare pocurecy wher taak. are

C.

d.

in Appendin D).

Chech all ionks o mater, comr =0 with §oe-
vicus read. g, and ' aecin . adjustivant
for zaov vaqirtry Ax undetocl it thane in Lo
amount of vut2r ia the twk vonl! cacnee o
lev2i of the product and predese o aan nowne
readotg (sawctions for gagng fo0 woner oz
giver in sppendix E}.

Record o' sales and .Ahur u.es
occurring during g-ging period

2° proetuet

€ Prepare meter ard tar reconcilinticn b, prol-

uct systzm, mairtainins records in s 2 mova
that trends over a pericd of hime -~z enily
discernad.

B. Pro:edure for Receipt of F roduct
1. Before and after dolivery-

Although a few minutes might b saved in
gaging toks by limiting these po - fures to
those tanks involved with the anticip.i:d roceipt
of proda.i, it is recommeaded that ' tunks be
gag>d. This will not only reved! an, @'srakes
which mizht occur {dumpirg into vriug (anks,

[

magifol-led or wiion ¢ diorpmental ieguirements
.opriaure/vactem valvs on

TV nyoeoTanet

the .

AR s ghodhd e cotpleted o simulane-

s’ 5 poasaole ¢wd s seen after tae deliveny
b, ke Compluicet so 28 1o avoid delaying
U travt 3 W ovarictions be expenienced with
inte conntat 2 ', a second zage shoubu then
he ottken of Tenst wonslt o roloter when the

rocet bevel has cgaoalized. A record should be
ko3t of W gases, bt the last and rere accurale
gige thoutd be used for in:ento:ry purposes.
Cheg\ ol tanhs *or waler Seifers and aiter deiiv
e1v. kB thes hes been done in the preceding
12 havis, it aze.d not be repected before accept-
ing the delivery, tut it should always be dune
alter e tanks e flled. v suppi.cr williully
delwvees scater, bl bu'k plam uperations and
prezodures someticies result in water reaching
the vih-cle tanks wuhout the knowlzdg: of the
foad = .An increasc i1 182 worer levs! will result
in ar :rieneous culzuletion of the amount

58,

e

o1y
Hapikiiegg,

Y.
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received unless the water is dulected and the
records adpsted accordingly.
d. Reinsicli afl B and gage cap.

Rl

CAUTION—Duae ¢ many changes in storage and dis-
pensing facilities during recent y:ars us revessi-
tated by environmental protecticn considarations,
the outlet operator must thoroughly undorstand
Lis particuler system. It should be reccgnizad
that ¢ pressuze or vacuum ray exisi yndsr cer-
tain conditicns, in which cose pecessary pre-
cantions should be observed. Most suaplying ol
companies will advise their ratzirers concerning
such precautions when requested,

2. After dedivery:
a. Make adjustmients for variation in waier lewve]
if any.
b. Make adjustments for transaciions diriagz b
delivery, if any
c. Calc.latz amount of preduct rec.ived art
coripue With amount shown on the nveice
d. Miake sure fill and gage caps nre tight and
locked, if required.
3. Night deliveries with station closad:
a. The difference between the closing gages and
the opening gages of those tanks which were

——mbe e Ewom -

fitd slendd e comnared with the armou.t
-1owa on thr ivvaion,

b. Vi 1wks should bt checked {or weater at the
corming of hasingss GHowing the dalivery cad
adjusiments mede oo wny sooiabion in walker

eve! from tae prevasul ooy

i Y.
c M=ule sure
leshad, ¥ oreqaieed,
C. Sponal Circumsiznces
Turks should be cheched for witer after a thaw
er Dzavy rain, as under thess circamstances, watar
may smer the tank through leaking 6il or gage
cLp

£l ant pfege ceps are tight und

1

§. SUMMARY

Produ -t fosses con be covirelled and seduced by
follcwing the prccedures and metinods doscribed heron,
coupled witn the conscieatious use of a suitable avsount-
g, system Emploress snould be trained ia toesc proce-
duses and required to follow them. Wiwnever the trend
in product varations signifcacdy changes or excocds
thii rormany encouniered in retaii outlet oparaticns,
suitable ¢eorective mouitres shou'd be token imewzdi-
ately ané rotification giver ta all soncerned,
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FROCEOURE FOG ¥
GASOLINE-OIF
EGUIPHMEN]

A proving con of S-palasie Supacity s the only sporid
eguinmans reguirad. The vap 1 porticn of W1y can con-
sisis of 2 nech appreximaicy 4 inches B dieme:
having a sight glass with @ adjacent senje groduaisd
ir cubic inches above and belorv a zeto putnt. o inhicaies
the runber of cubic inches delivered Ty th: meter
gresier or fess thin the ameuat indicated wn the .-
penser dizl.

If local reguiations roquirs the station operaic- o
pericdically check the dispensing unirs, the Lecal brirsag
of weigh's and measares should be consulivu concarning
the siz> aad type of provinz can to Le usicd Otherwise,
a cuitabie can may be perchuszd from o rcllable auto-

motive eqiripment supdhe.. Ech can should be checked
for accuracy periodically ard/or as may be reguired
by local regulations.

~ =g .

Ay
Eh‘ "

2w = --

SSTING ACLUNADY OF
VIREHNG METES
BPROJEDUAC ,
Loabes the can b WEon vl pred e el ek
W, ard It 3he rrodueh o e stvags
tuak.
2ORGAN fel oot s e e indicenad o the
oo with the S hily g (B aximae

L)
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Llmr ! cube
inche dwidversd s o o bt Jhne D2 Guaningy

aoce b, dirence.
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shaen on the alisne s 2ol

- Retwrn the product v the oo o storngs
CRefiftie can as pranip 2 hnt sich the aozzh porily

closed o it flow 10 app et 5

Fromeoute,

collans
:

CRepeat steps 3 aad w

AE e ettty Juibee od

D osteny 2 oee Toagils e

Foabrg oo abn e s rvan the 2uto
qual-Ted panp roriene

The ¢pervbe fhonid! e

wore thon
point. adiustieine By o
should be arropy ™
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arcemet (o aditst L e Ll

CNote B e mert iy reend the chieeed iy
1 rdtegs cassedt by e dldieny of tw oot
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FEPENDLIX C
LEAK INVESTIGAT!ION PALGCEDLIS

The following stops, ag a minimun, shonit o0 thea
in an e4peditious mamner when laily inventory records
iadicate exccssive s1oc loss:

1. The records of inventery. receipts, and d%:p. aing

should be ciz.led for error.

2. If no error is anparent, an independent caicu'atioa
of apparest loss shouid be made by a qualificd
person starting from a point in tiric whero in2
records indica'z a no-loss cordition.

3. K step 2 confirms an appatent loss, the reudily
accessibie physicu! facilities on the premises should
be carcfully inspected for evidence of leakage ind
those responsiblz for the maintenance of the ezuip-
mert should be notified immediately.

4. If step 3 does not disclose a leak, the dispensass
used w(th the particular product invoived with the
appareat loss should be colibrated.

5. I «tep 4 dres not expliin tie ioss, the piping sys-

tem berween the storore tanl: zad dispessars should
b. tested in an aczeptilie manner t¢ determine
if tais segment of the s-iwem i; leaking. If the tack
has 2 remote fill ane the yaristions coour at the
ttme o0 deliver'es, ta? remciz fill linz shouid also
be e xd (see item o under * Leakage").

JH ostep 5 dees rot disclose Ta seik, the storaze

tarh.{s) sheuld t: t-i:d in zn acceprable maaner
to deter ginz of there is » losk in the tenk(s).

.If sieps i throaph 6 do not confrm the apparent

io:5, the daily inventory shculd be contiruid with
u daily independent verification by 2 qualified per-
son. Alxo, allitfondl su-veiliznce cf the facility
should Le enguged to insure against unauthorized
remosai of poeduct.

et AP W =k ~mmme + - &

e




APPENDIN D
CAGING PROCECURE FOR UNCERGHDLV.D HORIZGHTAL TANKS

EQUIFrMENT

A pcle mad: of varpished Lardwoal (maniz) o
other noasparking material dhwed e el Tag pole
shouid bz leng enougii 1o reach th: beiinm of the tiea
(usually © fzet to 10 fect), 2nd si- vid me iboemt 1 inch
wide by 1% inck thick. Ihe rolz shonkd Lot & warpad.
Onz s:de o: the pole shovid be marked i inchses with
Y iach subdivsicus, the zero marking should e o
the bottom or tip of the pole. If the pole i. uscd fur
gaging gasolne or other volitile product, the side ad-
jacent tc the graduatsd side shoald be prowved cvowy
4% inch in ocder to retard crespage.

The gage stick is used in conjunction with a caliora.
tion chart or charts furnished by th: sapplier. The chart
shows the number of gallons for 2och inch oa the pag:
stick. Each chart is calculated for 2 .unk of pmtivelur
dimensions and capacity, and the char: used mnst be
the prone: one for the tank being ga:cd

PROCEDUZE

Iesert the pole through the gase hele of the tank
uniil the tip touches the tank boticmi. The pulc s+ ould
b inscrted ai the same pount in the gage hole cact: tins:
u go 22 is taken and should be keld in a vertical position,
Be sure that it does not 1est on a projectinn on the
tank bottony, Withdraw the pole guickly to avout ¢mecp-
age of the product, and road the product “on”™ on the
graduated scale ta the nemest ¥4 inch. Wner gasolice
or unuihes volutilc product w gaped, 1he rending ad-
Jacent to the “cui” or the grooved p.ation of the pole

b, Subtiact gailoeage «Lown on stalr of thaee e
reacings, e, for the LG allon tank (diar-
shou!d be taken o ' goge. Clzan the po' at the “cut”™ L‘t-'"““ inch2s; ienyin 12 dn ‘3145)2
by wiping with a <loth ard vepeat tte proacdurs to Chart rexding e 37 i, = 789 gallens
check. Chart reading at 26 in. = 771 gallons
Sat-racting = 1% gallors
c. Multinty this g Lhusage by the fraction of az

mch, 1e.:

USE GF TAMK CALISRATION CHART

Alier gying the tank, select the comect calibrat'vn 8 il ey 1o = 9 gatiens
chart and nroceed as follows: ) ¢OAdd e o e shown on e chort for the
1. Raad chert directly for all gaze. wb.°h e to the lowor wlieic inch gaze and the aidons caleulated
evact inch {t.dcrance plus or rrinee 7 L6 inch) | STERSAN (1) I X
2. For pages of 14 inch over or uadar o~ exactirch Gul'ons at 46 incbes = 771 sulions
procecd 2y follows: Gal'oesat e iach = 9 guilons
u Read chart fur exact inch gan: on scule abre Wi g 760 zulons
and below actual stick-gage re vhng --for exam- Th zele .2 the tank yaye of 4612 i-ches represents
pie. i stick goge reads 46L2 inches, recd Jra T80 wedons of predect moihe 1,600 gallon tan's {Aume-
at 46 inches and 47 inches. 2ot ¢ 4 inchae, bepath 72 juches).
i1
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XOTE: Uadei tround wnks ave fabricuted

It a water peaciix E) has been takan,
e qmntt'. of water o l"r.-'l‘\.G in e tank qs ety
raipad by tie sams praceduies. The total asicunt of
wainr shoutd b subite ed from the totl] anount ¢f
Vguid ia the tank (as diirrmined inosiep d) e
mine the net gedons of ;roduct contained.

BN faue A

L
wLb-

as pri-fin-
‘o-: items. The tank manvfctorer wrpjuics

arts *atende! 1o re nsed for att tenhks of e
samz numinag dnceagioms and eopacities. Le-
peading on the fabncating meihad, these tanks
are likely do vary by a frectica of aa mell in
J-.,n'-'tc. oc ienzih, Theeefore, the chni

w be coasidered as absolutely scctirate oi-
though the amaent of inaccurazy is Wetivuiy (0
mirute to be of covsequerce,

-
fe

o leng tanls a2 eguwpied wath o gage well
t ewch tnd Thess ace installzd cor wee if the
tank settler waevondy with oee end Tower than
the cther. L1t is pof nsoessary v dor oodinery
circumataneces o guge thre bo.h welis.
iL woutd Lo uetolsable, however, o chueck oo-
cuasionaily 10 doierming that the product is
appronimacely ot the sane levet in barh gage

Ay

if the gnee well i die center of the tank,
scitlerzeat will not afiect the accuracy of the
gage. But, if seti-ment oours, the water will
colleat at the lywer end, and 2 waler gage
tizun ab the centyr roay not indizate oo rus
coenudition.,

T .'--n")' the accurucy of ramote gages,

tanks
sattizped vilh such devices showid be periodi-
catly sdok gamed
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A water-finding pasre, which is unaffoczad by gasoii.e,
but which will chargze color in waer, is used to check
for water at the boitem of storage tanks. Information
on satisfactory poesie may be obtainod from the suprher

It is uszd as follows:
Coat the end cf the gage stick on the graduzted side
wizh a light, even fiim of the paste izr approximately
3 inches Insert the pole through th2 gage hole until
the pole reaches the bottom of the tank. Be sur: thar
the pole is kept in a vertical position and that it dues
not rest on an obstruction or othesr projection oa the
ank botton. Keegp tic pole in this position for the tim.
specificd for the product. Then withdraw it and read
the water “cut” (as noted by chanze in color of the
paste) on the graduated scale to the noarest 14 inch.

The immersion time for a water “cut™ is approxi-
1:iely 10 seconds for light preducts such as gasaline
and kerosene, and 20 to 30 seconds for heavier prod-
ucts. I the test shows more than 13 1ach of water,
arrungements should be made for its immediaie remov.l
and the supalier notified.

NOTE: Occuazionally, a submerged and/or suciion

pump will deliver water with the product, but
no woter will show when iz tank 1s cheched.

AYILS g
— o A
'—ir'\ﬁ‘p P h Eﬂ *,,-l‘
5&Luﬂt.g-};§; 3
DARYTE ¢

This vsually indicates that the tunk is not tevel % _‘,i

anl the water has accum-alatzq at the low end

aw iy from the gage well, Some lora tarks ae equipped with a gage well
at curl end and waier may be found only

Simida-ly, a suction pump may Cispeiss water wiler the lower end

with thic preduce when there s a6 undergroun:i

sucticn hine k. k and a coincidiny high sater Aovaioegiipped with omiv o center gage well

tal.le Sach o conditivn ot be checked ot may et show zecumalaied water if the tank

ant currectoy immudiately, Is ot s -
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Recommended Practice for the Interior Llnmg of Existing Steel Underground
. Storage Tanks

1.0 Scope

This publication recommends punimum requirements for
the interior lining of existing stee! underground tanks used
for the storage of petroleum-based motor fucls and middie
distillates. In general, it outhines requircments, procedures
and operating conditions to be followed by contractors, me-
chanics and enginecrs. Methods -for gas-frecing tanks, re-
moving sediment and cleaning interior surfaces of steel tanks
arc also included. All work must be accomplished in ac-
cordance with the applicable federal, state and local re-
quirements as well as accepied safely standards.

The intcrior lining process can be used to repair certain
corroded tanks or 1o protect underground steel tanks from
internal corrosion. The lining itself is not intended 10 replace
the structural strength provided by the steel tank shell or
prevent future cxternal corrosion.

2.0 Permitting and Training

Where required, contractors must be approved by local
authoritics and all applicablc permits must be obtained prior
to beginning any work. Contractors should certify to the
owner thal employees and subcontractors responsible for
tank lining have been trained in the following: (a) the han
dling and disposal of tetracthyl lead and its by- products; (b)
the use of equipment and procedures for testung and gas-
frecing tanks; (c) all applicable safety rules and regulations;
and (d) the application and handling of the tank lining ma-

- terial.

In addition, contractors should certify that his employecs
and subcontractors are knowledgeuble of:

® APl Pubhication 2015, Cleantng Petroleum Storage
Tanks, Third Editon. 1983;

® APl Publication 2015A, A Guide for Controlling the
Lead Hazard Associated with Tank Entry and Clean-
ing, 1982,

® APl RP 2003, Protection Against 1gnitions Arising out
of Staree, Lightning and Stray Currents, Fourth Edi-
non, 1982,

® NFPA 327, Cleaning Small Tunks and Containers; and

® AP RP 2027, lgnition Huzards Involved tn Abrasive
Blusting of Tunks in Service, First Edition, 1982.

Care should also be 1ahen 1o use procedures and equip-
ment necessary 1o comply with all applicable safety rules
and repulations.

3.0 Coating (Lining) Specifications

Matenals used for interior lining of underground tanks
may be cpoxy-based resins, isophthalic polyester-based res- -
ins or other acceplable coztings CAUTION: Some coating
malerials are not acceptable due to incompatibility with

- petroleum products or product additives. Acceptable coating

materials shall satisfy the following three requirements as
certified by the manufacturer:

A. Boxping Coatings, when applied to properly-prepared
steel surfaces (sce Scction 7.3). must maintain bond to the |
tank while in its designated service for the period of the

. tank lining's waranty.

B. CoerrICIENT OF THERMAL Expansion The coating’s -
cocfficient of thermal expansion shall be compatible with
stcel, so that inordinate stresses will not resuit due (o tem-
perature change. . .

C. IMMERSION TesTS Representative coating samples shall
be tesied to determine compatibility of the lining material
with stored products. Samples shall be immersed in the
liquids listed below at either 38°C (100°F) for periods of
one, threz and six months, or 23°C (74°F) for periods of
onc, three, six and twelve months. Upon compiletion of each

- immersion period, testing of the samples must venfy that

the coating has not substanually deteriorated in accordance
with the following:

TEST PURPOSE
ANSI-N512-1973 Bonding Strength
ASTM D790-7% Flexural Strength

ASTM D2794-69
ASTM D2583-67
or Barcol Hardness -
Barber Coleman GYZJ 835-1 and 934
ASTM D543-67 Procedure 1

LIQUIDS FOR IMMERSION TESTING:

ASTM Reierence Fuel C

Unleaded Gasoune

Leaded Gasoline

No. 2 Fuel Ou or Dvesel Fuel

Toluene

Xylene

Gasohol {10% Ethanol)

Distifed Water

NOTE: A warranly cerifying chenical compatability i1s 10 be
prov.ded o the oviner by the manufacturer belore siorage
1s permitted of iquids other than those lisled.

Impact Rasistanca

Film Integrity

Physical properties after the final immersion period shall
be a minimum of 30% of the onginal physical propertics
before immersion with a stable trend indicating little or no
further long-term detenioration for oluene, xylene, and dis-
tilled water; and 50% for ail other listed materials.




. 4.0 Preparation for Opening the Tank -

4.1

Sources ol 1gmition must be removed from the area sur-
rounding the tank(s) and vapor vents during periods when
tarmmable vapors nught be expelled Work wall not com-
mence 1f the direction of the wind mught carry vapun 1mto
arcay where they could produce a hazardous condstion {c.g.
ignition, breathing).

A combustible gas indicator shall be used to cheek for
hazardous vapors in the area. All open flame and spark-
praducing equipnicnl within the vapor hazard arca shall be
shut down. Electrical equipment used in the area must be
explosion-prool (Class 1, Division 1, Group D) or approved
for the service.

Safety Precautions

4.2 Tank isolation

Before any work on the exterior surfuce of the tank be-
gins, tanks must be inspected to determine how the tank s

_ to be isolated. If a tank is equipped with 2 manifolded vent

or fill linc or syphon assembly. necessary measures must
be taken fo isolate each tank. The vent for the tank being
hined should be isvlated from vents for other tanks which
may stll be in service. This may require a temporary sep-
wate vent for the tank being hined. All electricai switches
supplying electrical current to submerged pumps and/or oiher
*equipment connected to the tank shall be disconnected and
locked.

4.3 Removal of Liquid Product

As much product, water and sediment as possible shall
be removed using explosion-proof or air driven pumps. Pump
motors and suction hoses must be bonded to the tank to
prevent clectrostatic ignition hazards. A small quantity of
water can be pumped into the tank to float the product from
a low spot to where 1t can be pumped from the tank, Also,
where povsible, il (drop) tubes shall be removed to allow
for maximuwm removal of all liguid and to prowdc for ad-
cqu;m. air ventilation.

4.4 Removal of Flammable Vapors
(Gas Freeing)

The tunk shall be thoroughly purged only with air to
remove Hanunable vapors or residuc capable of producing
Haiunuble vapors. The conceatration of flammabie vapors
in a tank may go through the flammable range before a safs
atmosphere 1s obtained. It therefore is necessary that pre-
cautions arc taken to climinate the possibility of the dis-
charge of static eleciricity during gas frecing procedures.

Asr pressure in the tank must not exceed § psig. To
prevent excess air pressure the vent line must be checked
to muhe certain it is frec from obstructions and traps.

-

Ventilztion of the tink can be accomplished by one of
two mcthods which are listed below:

a. An cdudtor-type wr mover (see Figure 1) usually dri-
ven by compressed air, shall be properly bonded o
prevent the posatoality of static electricity gencration
and discharge. When using thns inethod, the fill {drop)
tubc should remam-in place to ensure ventiltion at
the bottom of the tenk. Tanks equipped with fill (drop)
tubes whuch are not removable should be purged by

this method. An eatension shall be used to discharge .

vapors a ninimum of twelve (12) feet above grade.

b. Duffused blown-air is illustrated in Figure 2. When
using this purging methed it 1s imperative that the ar-
diffusing pipe is properly bonded to prevent the dis-
charge of a spurk. Fill (drop) tubes must be remaved
to allow proper dilfusion of the air in the tank. Air
supply should be from a compressor, which has been
checked to ensure a clean air supply, free from volatile
vapors. Air pressure in the tank must not exceed 5
psig.

4.5 Testing Flammable Vapor - .
Concentrations

An important phase of the operation is the testing for
flammability of the vapor in the excavaied area and in the
tank. Such tests are to be made with a combustible gas
indicator which 1s properly calibrated on hexane in air.and
thoroughly cheched and maintatned 1n accordance with man-
ufacturer’s instructions. Persons responsible for testing must
be completely familiar with the use of the instrument and
the interpretation of the instrument’s rcadings.

The tank vapor space 1s (o be tested by plac:ng the com-
bustible gas indicator probe mnto the fill opening with the
fill (drop) tube removed. Readings should be taken at the

bottom1, middle and uppar portions of the fank and the in- - 7

strument should be cleared after each reading. If the tank _'
is equ:pped with a non-removable [l tube, readings should

be taken through another opening. Liquid product must not ~ 1 -2¥

enter the probe. The vapors should be tested ar the vent
riser or cductor whilc the air mover is in operation and
purging is in progress, and also in the tank itself with purge
air shut off. Readings of 10 perceat or less of the lower
flammable limit (LFL). ay indicated tn the tank and at the
veat riser or eductor, must be obtiunced before the lank is
corsidered safe Jor vpening.

5.0 Opening-the Tank

If no manwuy eaists, an vpening with the minimum di-
mensions ol [8” by I8 shall be cut i thetank top avoiding
welded scams. The tank section 1o be removed should be
marked with chalk and a hole drilled with an explosion-
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. INTER.OR LINING OF STEE
UNDERGROUND STORAGE TANKS
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(SEE DETAIL 1A) &
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',_ FIGURE 3
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. ) COMPRESSOR
1 DIFFUSED AR BLOWER SO
J SEE DETAIL 2A :
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J\ T BRASS PIPE 1% DIA. WiTh
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. .
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|5 f TSN 4" TO FIRST HOLE :
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G FOR GROUND USE 12 GAUGE GROUND WIRE
e - 3 FROM FILL PIPE TO WATER PIPE
] .. OR GROUND ROD,
; - . FIGURE2
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proot txu;h as ..:r-d..u.n‘) dritl at one corner of the section,
Atter the hole is dalled, the tenk vapors must again be
lested by inserting the meter probe into the hole to venily
that the vapor concentration does not exceed 10 percent
LFL. )

Note: [t s important that the purging, air venulation and
testing continue throughout the eatue lLining op-
cration. During the tank cutting operation ounimal
air pressure should be mutnanned to prevent a biow
nut.

The tank should 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 finzi

“¢ut, the plate should be supponcd to prcvx.m its falling into

the fank.

6.0 Tank Entry

Belore entering tanks, the procedures described in APL
Publication 2015, **Cleaning Petroleum Storuge Tanks™,
and 2015A, “*A Guide for Controlling the Lead Hazard
Assocwated with Tank Entry and Cleaning™' . should be fol-
lowed This includes checking the oxygen content inside
the tank with a properiy calibratcd oxygen monitor.

At all temes, personnel entering the tank shall be equippad
with positive pressure air supplied equipment with [ull face

! . -
enclosure and safety harness connccted 1o a safety linc held

by an attendant outside the tank. Oil and water-resistant
rubbér or ncoprene boots and gloves shali be worn. Clothing
shall cover the anns, legs, torso and head of tank entry
personael. Disposable clothing, impervious to product, s
preferred. Clothing saturated with product shall be removed
immediately. All personnel workmg inside the tank should
be faniliar with ANSI Z117.1, ' Confined Spaces Safery™”.

Tests with the combustible gas indicator and oxygen mon-
stor should be performed periodically in the tank to ascertain
that the tank vapors and oxygen content are in the safe range.
It should be recognized that if'the tank is perforated, product
or vapors which have leaked into the soil may re-enter the
tanh through a perioration. The vent line shall remain clear
and unobstructed to allow continuous ventilation. All other
fines and openings shall be plugged or capped off to insure
no liquids or vapors may enter the tank during the laung
OPCIUIH)[I.

7.0 Preparation of Tank Interior
7.1 Sludge Removal

Sludge accumulation on the botiom of the tank must be
removed and placed in tightly sealed containers. It must be
disposed of 1n accordunce with local, state and federal reg-

- ulations, which may require mandatory documentation as

well as sufe disposal.

Noter Tank sludge and scule are potentially hazardous as
ifey muy coniain tetacthy! lead vapors which can

e inhaled, or toaic liquid tetracthy! lead which

may be absorbed through the skin. if the dry - .

sernul surface of the tank is scruped, the resulting

atmosphicee may contain dangerous quantitics of .

lzad. The quantity of lead 1 the tank atmosphere
should be cheched using a lead in air analyeer. .

7.2 Tank Inspection

During inspection, the entire intenior sucface of the tank
shall be :nspected wsing a hight fiature approved for Class
1, Duvisica 1, Group D - Huzardous Locations. The struc-
twral integrity of the steel shell around perforations (holes)
or areas of severe corrosion should be deternuned by tapping
with a brasy bulfpeen hanuner. Sufticient steel shell must
remain inact (ufter abrasive blasting) to provide structural
support fcr the interior lining. The following puidelines may
be utilized to identify 2 tank that may be repaired.

I. A tzak having an open scam or split no loager than
three (3) inches; or .

2. A wnk having a perforation no larger than one and
onz-haif (1 ¥:) inches in diameter except under the
gauging opening where the perforation may be no
targer than two and one half (2 4) inches in diameter;,
or :

3. A tznk with less than five (5) perforations (none larger
thaz one half inch in diameter) in any one square foot
arcs.

4. A ak with less than twenty (20) perforations (none
largar than one half inch in diameter} in a five hundred
(3GJ) square fool arca.

Tanks tat excecd any of the above should not be interior
lined unizss approsved by the avthority having jurisdiction,

To deizrmine adherence to these guidelines, perforations |

and seam.s shall be brass ballpeen hammered (before and
after abrzaive blasting) to remove thin meial and obtain
structurally sound edges. Perforations and scam splits shall ™

be reamcd until the edges of the hole or split arc a minimum

of W' th.ok.

7.3 Surface Preparation

All blusting persoanel should be familiar with the hazards
cescribed in APL Publication 2027, ““lgnition Hazards In-
volved in Abrasive Blusung of Tanks in Service'. All per-
forztions shall be plugged with boiler plugs or hydraulic
cement prior to abrasive blasting; scams may be plugged
with hyd-.zlic cement '

CAUTION: BEFORE ABRASIVE BLASTING, THE

TANK SHOQULD BE CHECKED AGAIN
WITH THE COMUUSTIBLE GAS INDI-
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» CATOR 1O ENSURLTHAE NO FLAM-
= MABLE VAPFORS HAVE ENTERED THE
TANK.
BLAST CLEANING OPERATIONS
SHALL NOT BE CONDUCTED ON SUR-
FACES THAT WILL BE WET AFTER
BLASTING AND BEFORE APPLICA-
TION OR WHEN THE SURFACE IS LESS
THAN 5°F ABOVE DEW POINT, OR
WHEN THE RELATIVE HUMIDITY OF
THE AIR IS GREATER THAN 85%.

The entirc internal tank surface shall be abrasive blasted
complerely free of scale, rust and foreign matter to SSPC-
SP 5-63 (5.5.5.a3) (White Mectal Blast Clcaning). When
sand is used as the blast material a minimum of 90 psi and
18 mesh grit material should be uscd during blasting.

Note: A White Metal Finish is defined as a surface with

a gray-white uniform metalhic color. roughencd to
form | Y2-2 Mil anchor profile pattemn for coatings.
The surface, when viewed without magrification,
shall be free of all oil, grease, dirt, visible mill-
scale, rust, corrosion products, oxides, paint or
other forcign matter.

Abmslve blast operators shall wear approved helmets con-
nected to sources of clean air. Bonding should be provided
between the blasting nozzle and the work surface, or clse
the blasting nozzle should be eflectively grounded to provide
cquivalent protection from static charges Scparators and
traps should be used to remove oil and water from com-
pressed air. Following completion of the abrasive blasting
operation, the surface shall be brushed with a clean hair,
bristle, or fiber brush, blown with compressed air, then
vacuwined. Boiler plugs and hydraulic cement plugs shall
be covercd with epoxy or polyester then covered with fi-
berglass cloth (minimum 1 Y2 0z./yd?, silane treated) which

overlaps 2l! sides of the plug with a munimum of two (2)

inches. If perforation in a seam is present, the perforation
shall be sealed with hydraulic cement then covered with
glaws cloth and resin, overlapping the perforation by six (6)
inches.

8.0 Application of Lining

Puor to the application of lining matcnal, a 4" stecl
reinforcing plate rolled to the contowr of the ok and with
minimum dincosions of 87 by 8” shall be installed under
the fill (drop) wbe and gauging tube. This plate shall be
covered with Niberglass cloth imbedded in resin. The blast-
cleaned surfuce should be coated within eight hours after
blasting and before any visible rusting occurs. Only those
limng maternials meeting the ' specifications in Section 3.0
shall be used. Manulacturer’s instrugtions are to be followed

on handling urd nusing of 1esn compounds, amd these
compounds shall be appled to the entire intenior surluce of
the tanh by the manufacturer or hus designated distributor
following the spaciticd method of apphcauon 10 the des-
ignated thickness and at the recomimended application tem-
perature. I a haater i1s used to aceelerate the curing process,
all other work which might release fammable vapors must
be halied and tise heating unit aust be attended whenever
it is in operation.
the manufaciurer
cty, and pinhules using a Holiday Detector. If any exceptions
are found they shall be repaired to manufacturer’s specifi-
cations. Contractor shall protect the coated sucfaces fram
contamination by foreign matter. The coating thickness shall
be cheched with an Elcometer Thickness Gauge or equiv-
alent and tested for hardness using o Barcol Hardness Tester

or cquivalent to cnsure compliance with manufactures’s -

specifications.

Personnel safety and clothing n.qulrcnu.nzs must comply

with Section 6 0.

9.0 Tank Closing -t

If an opening has becn cut, the tank shall be sealed as
follows:

a. A A" thick steel cover plate. rolled 10 the contour of

the tank, shiall be made to overlup the holc at least
two inches on cach side (e.x.. should measure ai least
26" by 26" if manhole_was cut 22" by 227).

b. The cover shall be used as a template to locaie %*
drameater Roles not exceeding five inch centers, one
inch from the edge of the cover.

c. The cover piate shall be sandblasted to White Metal
on bath sides and the entire mside surface shall be
couted with coating material 1o act as a gasket.

d. Belore the coating on the cover cures. the cover shall

be fustened 1o the tank using A" (minimum) diameler

bolts. The balt shafts are to be placed through the
holes from the inside of the tank and held in place by

spring clips. then fastencd with local washers and nuts

as iltustrated in Figure 3.

¢. Alter being bolted to the tank, the caver plate and
surrounding -tank surface shell be properly sand-
blasted, couted with coating material and allowed 10
cure belore backlilling the hule.

10.0 Tank Tightness Testing

Before backiilling. the tank should be tightness tested
using lucally accepiable methods. Particular attention shauld
be paid 1o the cover plate and all exposed Fittings.

The coating shall be cured lhoroubhly o’
“s specifications and cheched for air pocks. |
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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:

Safety;

Protecting the environment;
Preventing tank and piping failures;
Minimizing maintenance;
Protecting product quality; and
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 instatlation 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 heid 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 Regicn should investigate

the local requirements and current methods of compliance in that region

SR
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2. INTRODUCTION

Many underground storage tanks and piping systems
installed 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 also can be operated without problems for
the life of the facility. Success depends on a number of
factors, including:

#® Sound design of installation;

® Proper selection of materials for the specified loca-
tion;

e Installation procedures in accordance with good
engineering specifications and manufactuters’ in-
structions;

® Capable and adequate supervision and inspection
during installation;

® Thorough testing at appropriate stages of progress;
and

® 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 and/or bimetallic celis.

® 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 factors. Probably the most significant
of these is low soil resistivity. Other factors being equal,
soil resistivity under 3,000 ohm-centimeters may indi-
cate a very corrosive soil; 5,000 ohm-centimeters, a
moderately corrosive soil; and over 10,000 ohm-centi-
meters, a relatively noncorrosive soil. However, a soil
having both a high resistivity and a low pH (acidic)
could be potentially corrosive.

® 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 celis
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 pip-
ing is connected to a steel tank. In many cases, the
circuit connection may be obscure. For instance, a cop-
per water pipe crossing a service station property does
not necessarily have to be in direct contact with a gas-
oline line for a “cell” to be created. If the electrical
service in the station is grounded to the water service,
a circuit can exist at the pump island, where both the
electrical conduit cable and the gasoline piping reach a
common junction point. Corrosion cells can also be
created where the same metal is used, for example
where there are impurities such as slag inclusions, or
where weld metal is used that differs from the parent
metal or piping has been scratched or cut.

‘Two important points should be kept in mind by per-
sons planning on installing new tanks and piping sys-
tems, or replacing existing systems that are leaking due
to corrosion:

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

® A system constructed of non-corrosive materials

such as fiberglass-reinforced plastic (FRP) or its
equivalent; or

® A steel system cathodically protected by an im-

pressed current cathodic protection system, sacri-
ficial anodes, or some other type of equivalent pro-
tection.

Second, if it is necessary 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—also 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 personnel 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 impressed current cathodic protection system is
used, it is necessary to verify—at 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, & 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.

L]

The installation of cathodically prolected 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,
CONTACT:

{Insert name and telephone number of company
representative.}

3. TANKS

A number of factors must be considered in the (1)
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 to be used at a
particular site will depend upon the conditions at that
Jocation (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: 6,000 gallon steel tanks are available in

the Eastern 1.8, in diameter/length combinations of

95°'/17': 84''/21'; and 72''129°.
The shorter lengths may be required to fit a site with
restricted dimensions.

Note: Prior to instailation, tanks shouid be measured
to confirm the tank gauging chart(s) that should be
supplied by the manufacturer it is necessary to have
this information available for product purchase/sale
transactions, as well as for testing and maintenance to
determine any Jeakage that may occur as a result of
installation or subsequent damage or corrosion.

(c)} Tanks of the most commonly used capacities are
available in most areas. FRP tanks are avaitable 1n any
size normally used at service stations Steeltanks can be
cecured for underground petroleum service in almost

any capacity. The selection 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 iocated so that a minimum amount of maneu-
vering will be required by the truck or transport making
the product delivery. The driveway grade should be
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, obstruct 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 excavations should be suffi-
ciently large to prowde a minimum clearance of 12’ (in
the case of steel tanks) and 18" (for FRP t_a-ﬁks) in all
horizontal directions. The_excavation should be deep
enough to provide for a backfill below the bottom of the
tank of at Jeast 6" for steel tanks and 12" for FRP
tanks. The burial "depth of the tank is s dependent on
local regulahons, the type of finished surface to be ap-
plied, soil conditions, topography, s suction pumping }ift
requirements, and the piping cover needed.

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 slah not less
!han 4 in th:ckness Where tankc s_are suhject to or
hkely tg be sub]ect to traffi ic, cover depthq should be a
minimum of 36’'. or not le: lecs than 18" of weli- |dn‘lpld
malenal plus at Ieast 6” of remforced concrele or 8" of
gsp_h_ﬂl_lg_(.__concretc
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(a) Backfill below, around and above tanks should
be clean, noncorrosive porous material, such as clean
washed sand or gravel for steel tanks and, for FRP
tanks, must be in accordance with manufacturer’s speci-
fications.

Backfilling operations are most important to the life
of the installation. The owner should continuously
supervise these operations to ensure that only specified
materials and installation methods are foilowed by the
contractor.

{b) 1t is recommended that tanks be ballasted with
product as soon as possible after backfiliing. 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
focked 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

either the tanks or tank coatings. Anchor straps should
be installed so as not to damage tanks or tank coatings
and to ensure that the tank is electrically 1solated from
the anchor straps. This can be accomplished by placing
a section of rubber tire between the tank and anchor
strap.

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

(4) Testing: Requirements for the testing of under-
ground tanks vary with state and local reguiations. Tests
can be performed (1) at the time of the delivery of the
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 requirements would be
dictated by the degree of control the awner 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). All 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-
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'/2'' or 2"’ diameter
is generally used. As a minimum, couplings and fittings
should be 150-1b. 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
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 recommended that siphon piping be

the same size as the suction and/or delivery lines to the
dispensers.

(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 filled. 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.

(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 above-
ground vent lines are attached, should be placed in a
single trench.

e o a n A n mar
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{a) Before any underground lines are aid, the trench
or dich for such piping should receive a minimum
6" -deep bed of well-compacted noncorrosive material,
such as clean, washed sand or gravel. Afl trenches
should be wide enough to permit at least &' of such
protection around all underground hines. This applies to
both metallic and nonmetallic underground piping.
Bedding and the covering backfill should be of the same
material. This will be heipful for grading the lines, and
in providing corrosion protection for any adapter fit-
tings used with non-metallic piping.

{b) The actual location of pipe runs should be noted
on as-built drawings, if there 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 fines should have a uni-
form slape of not less than /s~ per foot taward the tank.
Product lines should be at least 12'’ below the finished
surface. Underground piping requires careful attention
1o the tightness of joints and pipe fittings. A pipe dope
certified for petroleum service is to be used for galva-
nized or black iron pipe fittings. while the manufac-
turer's recornmendation will apply for the cement to be
. used in nonmetallic piping joints.

(e) Possible breakage of underground piping and
vent lines, or the loosening of pipe fittings resulting in
product leaks, will be minimized through the use of
swing joints. These should be installed in lines at pomnts
where the piping connects with the underground tanks.
and where the piping ends at the pump islands and vent
risers. Fiberglass piping, which is inkecently fBexible,
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 for underground use} is selected, it is ex-

tremely important that it be instailed swictly in ac-
cordance with the manufacturer's specifications.

{f) Occasionally, it is necessary or advisable to in-
stall more than one storage taok for a given grade of
product. Such maltiple tanks may be interconnected
shrough a siphon connection. This permits the equali-
zation of the product in the cannected tanks. How-
ever, 2 siphon system will give reliable service only if
care is taken 1o see that all joints in the siphon mani-
fold are tight.

{g) Interconnmected tanks should be the same dia-
meter and be installed with the bottoms at the same
depth. Although it is not recommended, if it is neces-
sary to siphon-connect tanks of different diameters at

a new instailation, both the tank bottorms and the
ends of the suction stub piping should be at the same
fevel. Additionally, care should be taken to see that
thie vent tine leaving the smaller diameter tank rises
verticaliy to a point higher than the top of the larger
tank before the horizontal section of the vent piping
is instajled.

(h} Remote pumps are avaifable with a siphoning
attachment, which can be connected to a siphoa man-
ifold. This permits one pump to draw the contents
from two or more interconnected tanks. The manu-
facturer’s installation instructions should be fol-
lowed,

{i) Vent piping should be at least {2'’ below the
finished surface beginning from the point where it
rises vertically {or 4’ in ao-load areas). and slope
uniformly towards the tank. The slope should be no
less than Y4’ per foot, and the piping laid so as to
avoid sags or traps in the line in which liquid can
collect. Just as with product piping, swing joints
should be instalied at the tank and vent riser ends of
all underground steel vent piping. No swing joints are
nesded where fiberglass piping is used, provided at
least 4’ of straight run is used between any changes in
direction exceeding 30 degrees.

()) Vent piping aboveground shouid be located. or
protected and anchored, so as to prevemt damage
from traffic and other sources of potential damage.
Vent outlets should be located 50 as 1o prevent fam-
mable vapors from entering building openings or
reaching hazardous areas. Vent outlets must dis-
charge upwards, and the discharge point musi not be
fess than 12’ above adjacent ground.

{3) Testing: It is essential that, during testing of
piping, the piping be disconnected from the tanks,
pumps and dispensers. Failure to disconnect the pip-
ing from the tanks could result in damage to the tanks
and product foss. The piping shouid then be sub-
jected to an air test of 1'/2 times the working pressure
but not less than 50 psi, and the pressure maintained
for a mimmum of 60 minutes, with only a minimal
change. Leaks may be detected by soaping ait joints,
while the system is under pressure.

(s} 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 firting and the threaded area where the pro-
tective galvanized layer has been removed. Electrolytic
cells can cause prernature pipe faiture. Where sacrificial
tank anode cathodic protection systems are instalied,
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-
ing fitting should be installed in the electrical conduit a;
the pump.

(b) All piping must be covered with the same ma-

terial used in the bedding. Depth of such material
should not be 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.

® Suction Pumping: This system usually consists of a
pump at each dispenser 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 pip-
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.

® 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 tesult in an gutward 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 limits—on the length of product piping.

& 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
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) Pumping systems should be equipped with clearly
identified and easily accessible electrical switches or
circuit breakers. These should be lecated away from
dispensers 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.

® Tank Fittings: Tanks should be constructed to rec-
ognized standards of design (such as UL 58/1971, 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 Jayout 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
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extend to within 6'' of the tank bottom The use of tight
fill connections and fill tubes will increase the rate of
product flow during filling, and decrease turbulence
and product vapor loss.

(g) A hquid-tight fill cap. equipped with a lock,
should be installed. This may be used in conjunction
with a manhole ring and cover (see Figure 2). The fill
assembly or manhole ring should be marked with prod-
uct identification and tank size. This can be done either

by using a color code. or by having the product name
stamped or applied to the fixed portion of the fil} as-
sembly, or both.

(h) A float activated vent valve should be installed in
the tank to help prevent overfilling

{i) Vent caps should be installed. where required by
local ordinances or special conditions, so as 1o not re-
strict the discharge of vapors from 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-
tomers and neighbors; and to minimize air and water
pollution. Prevention of leaks should be given high pri-
onty. 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 3 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 No.
1621, Recommended Practice for Bulk Liquid Stock
Control at Retail Qutlets.
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Cathodic Protection of Underground Petroleum Storage Tanks and Piping
Systems

l. Foreword

Persons planning to construct an underground storage
facility. replace existing underground storage tanks and pip-
ing system, or cathodically protect existing underground
storage tanks and piping should refer to applicable local,
state and federal fire, safety and environmental regulations
as well as the following publications and material:

® API 1615, Installation of Underground Petroleum
Storage Systems

® API 1621, Recommended Practice for Bulk Liquid Stock
Control at Retail Quitlets

® NFPA 30, Flammable and Combustible Liguids Code

® NACE RP-01-69, Control of External Corrosion on
Underground or Submerged Metaliic Piping Systemy

® National Electrical Code

The information in this bulletin may be used by anyone
desiring to do so, but the American Petroleum Institute shail
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. .

Il. 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 o1l
tanks, and automobile lifts. Informaticn presented for ser-
vice stations is not necessarily applicable to buried tanks
and piping used for other purposes. This bulletin is meant
to serve only as a general guide to marketers, architects and
engineers interested in cathodic protection of underground
petroleum storage and dispensing systems. Specific cathodic
protection designs are not given. Such designs shouid be
developed or reviewed by a qualified corroston engineer or
a person thoroughly familiar with cathodic protection prac-
tices.

ill. INTRODUCTION

Corrosion may be defined as the deterioration of metal
due to a reaction with its environment Exiernal corrosion
of buried steel structures is an electrochemical process. For
the process to occur, areas with different electrical potentials
must exist on the metal surface. These areas rust be ¢lec-

trically connected and they must also be in contact with an
electrolyte. There are, therefore, four components 1n each
electrochemical corrosion cell: an anode, a cathode, a me-
tallic path connecting the anode and cathode, and an elec-
trolyte (See Figure 1).

® At the anode the base metal goes into solution (cor-
rodes) by releasing electrons and forming positive metal
ions.

@ No metal loss occurs at the cathode. However, other
chemical reactions occur which consume the electrons
released at the anode. )

® The metal path connecting the anode and cathede con-
ducts efectrons generated by the chemical corrosion
reactions at the anode to the cathode where they are
consumed.

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

Corrosion is usually rot limited to a single point as shown
in Figure 1. 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 individuat 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 areas 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 inherently nonhomogeneous material
and for a particular environment. potential differences be-
tween adjacent areas can result from uneven distnbution of
alloying elements or contaminants within the metal struc-
ture Differences in weld material and the steel plate can
also cause comrosion cells.

Physical and chemical properties of the soil electroiyte
may also influence the location of anodic and cathodic areas
on the metal surface. For example, differing oxygen con-
centrations at different areas on a buned 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 buned 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
arcas where cliy or debris contact a steel tank buried in a
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CATHODIC PROTECTION OF UNDERGROUND PETROLEUM STORAGE TANKS

sand backitll or where a tank 15 burted in two ditterent types
of sal (See Figure 3)

Soil charactensuics substantially affect the type and rate
of corrosion occurnng on buried structures  For example.
dissolved safts influence the current ciury ing capucity of the
sotl electrobhvte and help determine reaction rates at anode
and cathode areas Soil musture content. pH (measure of
acdity ), and the presence of suitides also influence corro-
sion These factors, and perhaps others, interact in a com-
plex fashion to influence corrosion at each location.

Corrosion processes described above are often referred
to as galvanic corrosion. In additon to galvanic corrosion
stray current and bimetallic cormosion may also be encoun-
tered on buned steel structures. Like galvanic comrosion,
these corrosion processes also involve electrochemcal re-
actions.

® Stray currents are electric currents which travel through
the soul electrolyte. Direct current (DC) stray currents

are the most common and potentully the most dum-
aging These currents are generated from grounded DC
electric power operations including electne railrouds.
subways. welding machines and cathodic protection
syslems. Stray currents may enter o burred mecal struc-
ture and travel through the low resistance path of the
metal to an area on the structure closer to the current
source. Current feaves the structure at this point o
retutn to the source through the soil electrolyte. Cor-
rosion occurs at the area where current leaves the struc-
ture (See Figure 4).

® Bimetallic corrosion occurs when two metals with duf-
" ferent compositions are connected n a s0il electrolyte.
For example, bimetallic corrosion ¢an occur where a
bronze check valve 1s joined 1o stee! piping or where
galvanized pipe is connected to a steet tank. in the
bronze check valvesstzel pipe example, the steet pipe
becomes the anode and the bronze check valve 1s the
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cathode. Since cumrent takes the path of least resistanue.
the most severe corrosion attack on the steel pipe oeeurs
in the area immediately adjacent to the check valve
(See Figure 5),

Corrosion of buned steel structures may be eliminatad by
proper applhication of cathodsc protection. Cathodic pratec-
tion (s a echmigque for preventing corrosion by meking the
entire surface of the metal 10 be protected a cathode of an
electrochemucal cell Currosion 1s not eliminated. It 1s sun-
ply transferved from the metal surface to an external anode

There are two methods of applving cathodic pretection
to underground metal structures:

@ Sacrificial or galvantc anodes
@ [mpressed current

Four saenificial or galvanic anode systems, & metu} apcde
mure negative than steel in the galvamic series (see Tuble |
for » portial galvanic series) 15 electneally connected to the
structure to be protected and buried n the sml. A galvamc
corrosion cell develops and the active metal anode corrodes
(is sacnificed) while the structure becomes cathodie and 1s
protected As the protective current enters the struciure it
oppuses. overcomes, and prevents the Mow of any corrosion
current from the metal structure. The protective current then
retwms to the sacnficial anode through a metaliic conducior
(See Figure 6)

Advantages of saenificial anode cathodic protection sys-
tems include.

© No exiernal power supply Is necessary
@ Installation is relutively easy
@ Coaty are low for low current requirement situations

Table |
PRACTICAL GALVANIC SERIES
{Neutral Soils and Water)

METAL VOLTS
(REFERENCED TO
COPPERICOPPER SULFATE)

Commercially pure Magnesium ~-175
Magneswm Alloy (B%A), 3%:2n, ~1.6
0 15%Mn)
Zing ~11
Aluminum Alloy (5%2Zn) -10
Comrmerciafly pure Aluminur -08
Mild Steet (Clean and Shiny) -05t0 -08
Llild Steel {Rusted) -02w 05
Cast iron -05
Lead -05
Mild Steel in Concrete -02
Copper, Brass, Bronze -02
Righ Sicon Cast Iron -02
Mill Scale on Steel -Q2
Carban, Graphite, Coke +03

® Moaintenunce costs are minimal after instalichion

& [nierference problems (siray currents) on foreign strue-
tures are rare

o Sacnficia! anodes may be attached directly to new,
coated tanks by tank manufacturers

Disadvantages of sacnficial anode cathodic protection
sVstems are.

¢ Limited driving potential

® Low current output. preventing protection of other
sfructures -

© Subject to sotl resistivity limitations
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© Noi apphicubile for protectinyg lurge bare steel structures
©® Possibility of a short hife

The seeond method of applying cathodic protectiun (o a
buned metal structure 15 to use impressed current from an
eaternal source Figure 6 illustrates a typical 1nstallation of
this type using an AC power supply with a ectifier. The
DC current from the rectfier flows through the soil to the
structure from @ buried electrode In this case there is nu
need for the anode itself to corrode to provide current to
the structure, so impressed current anodes are typic.ally made
of relatively inert materials.

Advantages of impressed current cathodic protection sys-
tems are:

e Large d-riving potential

o High current output capable of protecting other un-
derground steel siructures with a low operating cost

© Possibility of flexible current output control

o Applicability 10 almost any soil resistivity
® Cupuble of proiecting turge bare stecl structures

Impressed current cathodic protection systems have the
fullowing disadvantages

e AMay cause interference problems (stray currents) on
foreign structures

© Possible to dehberately or unintentionally switch off
current and eliminate protection

® Systems must be monitored and maintained on a reg-
ular schedule

As indicated by the advantages and disadvantages of sac-
rificral and impressed current systems listed above. the type
of system welected for a particular location may depend upon
anumber of factors In general. systems and designs selected
should provide corrosion protection while optimizing in-
stallztion, maintenance and operation costs. New, coated

A G POWER

4

&

RECTIFIER

[
-+

PAVEMENT v

4
|
I
|
1
|
|
|

TANK

SOIL ELECTROLYTE

e ——— e cun ——

INSULATED
COPPER WIRE

T3

ek 4
-
'_1

i
b IMPRESSED
: " CURRENT ANODE
CURRENT ’

ANODE BACKFILL

St

LTI ST

L_._-f_-':_'."_'_,_"‘___"_._

FIGURE 7. IMPRESSED CURRENT CATHODIC PROTECTION

- o Agan e A i AAman g A it e -



CATHOMC PROTECTION OF UNOERGROUND PETROLEUM STORAGE TANKS 7

Lanks amd prping may be protected by enther system., whertys
evstng insiatatons will normally require papressed current
avslems  Since complete comosion protecton of huned
structures under cathedic protection depeads upun proper
system design, it s recommended that cathodie protestion
~ystemy should be designed by qualified corrosion engineers
ur other persons thoroughly famistiar with cathadic protec:
ton

Considerativn should be given to the following fuctors in
developing cathodic protection designs for buned structures

® Suil resiytivity i

® Present and {uture current requirements

® Life of the cathodic protection system in relanon 0
the intended life of the structures to be protected

® Presence of stray custents

® Anode placement to provide uniform protective current

® Condinon of dhe structures to be protecied, Are they
new of old, coated or bare

® Selecrion of a system to minimize excessive current
output which can harm suructure coatings or produce
mterferences with nearby buried structures

® Rehability of cathodic protection systam components

In yome nstances on-vite surveys may be required o
obtain information necessary for specific dempns. I other
cases destgns may be sufficiently versatile to cover the wide
range of conditions normally encoumtered.

The installation of cathodic protection systams wivolves
ths use of wire conductors connecting anodes and structares.
anoides and test stations. and anodes and rectifiers. The exact
focation of such wiring and anodes should be carefully iden-
nfied on a plot plan of the facibity, and a copy of ths plan
should be maintaned by the owner

iV. Sacrificial Anode Protection

Corrosion protection with sacrificial anodes may be used
in preference to an impressed current system where current
reguirements are low. Magnesium anodes are most com-
monly used although zinc anodes may be emploved to ad-
vantage @ low resistivity soils. Low driving voltages and
low carrent out-puts (usually less than 0.10 ampheres per
anode) penersily himt sacrifictat anodes to cathodic protec-
tian of well coated structures. New mstatlations wmvolving
coated tanks snd-or distribution piping are particularly ame-
nuble to sacnificial anodes for providing comomion protec-
ton.

{Underground storage tanks are availoble trom tank man-
ufacturers with sacniticial anode cathodic protection yystemy
already attached. Current requirementy are nummuzed by
plant apphcation of long-tasting corrasion revistant coatingy,
Sacnificual anodes are attached at the plant with anude weight
amd size determitned by the tank size. Non-conductive bush-

ngs und Hanges are provided with cach tank ko msulate the
tanh from any extra current demand from associated matal
piping These bustungs and flunges must be wsad to protect
the twok and mantain the supplier™ warranty. These tanky
may alse be obtained with plant watalled test keads which
facihinate field oonttoring of anode vumrent output and tank
to suil potentiul.

These pre-engingered cathodic protection systems for new
tanhs were developed 1o satisfy requirements for most you
winations. in seme instances, such as locations with low
soif rewstivity, the fife of these systems may not be as long
as expected. Conditions under which lung term cottosion
protection is afforded should be determined by purchasers
and compared with conditions present 2t proposed wnstal-
lation sites.

Tanks with pre-engineered cathodic protection systems
must be given careful handling dunng transportation and
mstaffation 1o protect againo! coating damage or yupture of
anode packages. Anode wires, fest leads, tank couting and
tank 1solation bushings should be inspected for obvious dam-
age priot to final installation. As with any cathodic protec-
tion vystem, a regular mositonng program after instaliation
is necessary to determune that corrosion protection is being
maintained.

Freld installed sacrificial anode cathodic protection sys-
terns may abo be used to protect new or existing well-coated
tanhs and piping. o generad. 2 coal tar coating routinely
applied to stee] petroleum storage tanks should nut be con-
sulered to be an adequate couting for cathodic profdction
purposes. Many of the corroson rensiant coatimgs used on
cathodically protected petsoleusn prpelines {»ee NACE RP-
01-69) are applicable as coatings for buned petroleum stor-
aye tanks and dispensing piping. Etfective coatings are needed
o reduce corrent requiraments of these structurey 1o levaly
which can be supplied over a long term by sacnficial anodes.

With information on sail resistivity, total surface zrea to
be protected and coating quahity, current requirements for
new or existing burted structures may be estimated For
existing structures, if is alwo povable to quantfatively de-
fermune current requirements by electrically consiecting bur-
ted structires to a variable DC power source and measuring
structure to soif potentials vs a copper-copper sulfate alec-
wode, The observed current output needed 10 achieve 2
desired cathodic protection crtena may then be used for
designing a cathudic protection system for the structwres.

Three sacrtficial anode matenals are commonly used for
sonl wpstallations:

@ migh potential magnesium alloy
® standard magnesium alloy
® unc

Mugnesium and zine anodes prepackaped in chemicul
backfitl are readily available in a number of wize and weight
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configurations to provide current output and anode lite de-
sign flenibthity . The use of a chemical bachfili with snodes
1> nacessery for reliable operation 10 sol environments
Chemicul backtill promotes anode efhiciency , lengthens an-
ode lite and heeps anodes muoist.

The number of anodes required tor providing cathodic
protection to buried structures depends lurgely upon total
current requirements. but current distribution factors should
also be considered. Where several anodes are needed for a
structure. better current distnibutton (more untform polari-
zation) may be achieved by distnibuting the anodes um-
formly around the structure. In the case of mew tank
installations, sacrificial anodes are often placed parallel to
the tank walls, at or near the level of the tank botiom. For
petroleum distribution systems, anodes are typically in-
stalled below the piping at & depth of about five feet. In-
stallation of anodes at these locations for tanks and piping
serves two purposes:

® it helps assure anodes reman in 2 mowst environment
and
® it provides better current distribution to the lower por-

tion of the bured structures where corrosion i typically”

most severe

A low resistance electrical connection must be made be-
tween the structure to be protected and the sacnficial anodes
lead wire. For new installations and where safety consid-
erations permit, powder weld connections; (e g Cadweld
ar Thermit type) should be used. In some situations. safety
factors may drctate the use of mechanical connections. Such
connections should be carefully made since poor electrical
contact will increase the effective circuit wire resistance and
lirut the amount of useful current available from the anode.
All exposed metal at structure-lead wire connections should
be waterproofed and coated with electrical insulating ma-
terial. This will prevent bimetallic corrosion between the
copper wire and the steel tank it the sacrificial anude should
far) at some time in the future.

Current output of sacrificial anodes is hmited and cathodic
protection designs typically do not prox ide sutficient current
for protecting adjacent buried structures. For this reason,
the structure to be protected should be electnically insulated
from other buned metal structures including electrical con-
duit Properly installed insulating unions and bushings are
effective for accomphishing electrical isolation Location of
these nsulating fittings will depend upon the cathodic pro-
tection design and the extent of the structure to be cath-
odically protected These insulating futings should be
inspected atter instaliation to insure nu damage has oc-
curred.

Where electrical isolation is essennal tor adequate cor-
rosion protection. particular care should be taken to assure
that the structure to be protected is insulated from any buried

metallic powder condust. For example. petroleum distr-
bution piping protected by sacnificial anodes should have
an insulating union at cach dispensing unit, and protected
underground storage tanks with submersible pumps <hould
nclude imulating bushings berw een the pump riser prpe and
the tank.

There are several cnteria for determining if adeguate cuth-
odic protection has been uchieved on buried structures The
most common critenon for underground petroleum storage
tanks and piping systems with sacrificial anode protection
is @ negative voltage of at least 0.85 volts. This potential
15 measured between the structure and a satueated copper-
copper sulfate reference electrode contacting the soul elec-
trolyte and with sacrificial anodes attached.

Routine structure to soil potential measurements for eval-
wating the extent of corrosion protection are often difficult
to obtain at petroleum storage and hstributron sites because
the buried structures are covered by asphalt or concrete
pavement While vahd potential measurements are pessible
through asphalt or concrete. special equipment and trained
personnel may be required to obtan and interpret these
results. More reliable results can be obtained by instaliing
permanent access manholes through the pavement to the soil
at the time cathodic protection is installed. The number and
locanon of soil access manholes will depend upon the cath-
odic protection design and placement of sacrificial anodes
In general. the access manholes should be placed to measure
potentialy over the structure at points farthest from the sac-
nficial anodes or in shielded areas

Ay an alternative to making structure to soif potential
measurements as descnbed above, long-life reference cells
should be permanently installed 1n the soil near protected
structures. Specially designed copper-copper sulfute or
packared zince reference cells are commercially available
for this purpose. These reference cells are typically located
within several inches of the structure in areas where current
distribution may be poor. at points tarthest from attached
anodes. or under the tank  Acceptabie potential readings at
such locations, according to the criterion above, are a gouod
indication that adequate corrosion protection has been achieved
on the entire external structure surface.

Leuad wires attached to the buned reference cells should
be run to a permanent test station at the site 1o allow easy
attuchment to test instruments. It may also be comvement
or necessary to attach a tevt Jead to the buried structure and
run it to the test station to facilitate periodic potential mon-
itoring.

Structure to soil potential measurements are made by
electrically connecting the buned structure to the negative
termunal of a suitable high resistance voltmeter {e.g 30,000
ohm internat resistance or higher). The positive terminal of
the voltmeter is connected to a properly placed reterence
cell. When a buried zinc reference cell 1s used. a neganve
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1 1 volts must be added to the observed volimeter reading
to obtain a potential reading comparabie to that which would
result from using a copper-copper sulfate reference cell.

Where sacrificial anodes have been nsialled. their proper
operation should be confirmed by a qualified penon withic
six and twelve months of installation. and one year thers-
after. If these tests confirm proper operation. subsequent
nspection intervals can be extended to five years However,
if underground work is performed at the protected site,
cathodic protection should be remonitored six to twelve
weeks after work completion and one year thereafter before
again extending the inspection interval. Procedures used and
data obtained should be clearly recorded and included n
permanent cathodic protection records for the location along
with the name of the person making the measurements and
the date measurements were made.

V. Impressed Current Protection

Impreysed current cathodic protection is often the most
economical means of controliing corrosion of existing bur-
ied stecl petroleum storage tanks and distnbution piping
sy stems. It may also be used to provide cormosion protection
for other buried structures at a location such as waste oil
tanks. heating oil tanks and automobile hfts—often at mun-
imal additional costs.

As indicated previously, cathodic protection requires a
source of direct current. For impressed cutrent systems, this
direct current is typically provided by a rectifier attached to
a conventional AC power source. (A rectitier is a device
for converting 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 structure as shown in Figure 6.

The usual cathodic protection rectifier has two major com-
ponents: a2 step-down transformer to reduce the AC supply
voltage and rectifying elements to provide DC output. Unats
may be obtained with either selenium or silicon rectitier
elements Both types of elements are widely used and pro-
vide dependable service. Either may show cost or perfor-
mance adsantages for a particular application. Small selenium
units are often less expensive than similar silicon units but
silicon recnifiers are generaliy more efficient. Silicon units
are particularly susceptible to damage from power surges
and protective devices should be included in these urits to
prevent Lightning damage. Selenium rectifiers are not rec-
ommended if ambient temperatures are expected to exceed
130°F (55°C).

The rechifier output capacity selected will depend upon
estimated or measured current requirements of the structure
to be protected and upon the voltage needed to cause current
to flow from the anodes to the buried structure. fn general,
moderate exuess capacity should be allowed for all rectifiers

to provide for adjustment flexibility dunng the life of the
cathodic protection system and to prevent voltage overloads
All recnfiers may be damaged by voltage overloads. Excess
rectifier voltage outputs of from 15% to 304 above expected
needs are suggested 10 compensats for possible line voltage
fluctuations. Some excess rectifier current output capacity
1s particularly suggested for coated structures. Coatings sy
degrade with time and increase current requirements of a
structure.

Careful consideration should be given t locating recti-
fiery. Efforts should be made to place the units in areas not
susceptible to accidental or malicious damage, since no
corrosion protection is provided by an impressed current
system if the rectifier is inoperative. Whenever possible
rectitiers should be mounted within a secure building and
in a spot which allows regular and convenient monitoring
of meters and indicator lights. All winng to rectifiers must
comply with local and national electrical codes.

Rectifiers are available with optional equipment which
facilitates periodic monitoring and provides an indication
that power is available to impressed current anodes. It is
suggested that the equipment lisied below should be mounted
on the front panel of each rectifier cabinet:

& Green and red signal lights to indicate propetr/improper
rectifier operation.

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

® A non-resettable elapsed time meter with a minimum
hour capacity of 99,999 hours.

® Waming sign stating that this is a cathodic protection
rectifier and that corrosion of underground structures
can result it power to the unit is shut off.

Optional audio alarm signals. which sound if a rectifier 15
not operating properly, may be useful in some situations.

The AC power source to a rectifier should be isolated to
an individual circuit brezker on the mam electrical panel.
This breaker switch should have a tab-lockout bracket m-
stalled, if permitted by local code, to prevent inadvertent
switching-off of the rectifier. Rectifier cabwnets should be
sealed or padlocked te prevent unauthorized entry to the on-
off AC circuit breaker and other exposed high voltage con-
tacts within the cabinet.

Several materials are used as 1mpressed current anodes.
The most common are:

® graphite
® hiph silicon cast iron
@ platinized mobiem, tantalum or titamum

Each anode material has an optimum current density which
provides maximum anode service life. Ancdes may be lo-
cated in remote ground beds, in deep wells. or disiributed
ciosely about the structure to be protected. The latter two
designs may be required to:
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A goad security svsiem s heipful m preventing
hzzardous chenscal spiils or leaks due 1o vandalisim,
. . theft, subotage or other impreper and flegal vse of stor-

age plant facilities, The elements of such 4 system
- coald wnciwiz the following:
®Routine patrols of the plant by szcuniy peisonnel.
- elencing.

- eGood lighting.

e L ®\Vehicular raffic control.

=77« - <+ eCaontrolled access 1o the plant.

fa- "™ - eLocked entrances.

r : ®Locks on drain valves and pumps for chemicdl
. ©  storage tanks,

= . ®Television monitoring.

£a oL :

..+~ 3. Below Ground Storage Systems [1.5,10]

[ "o

: p * Underground storage systems zarc susceptible o
"o " leaks and spills from the same types of cauvses as
{ ..~ « -aboveground storage systems, and. in general, the same
i-__ s ... methods of spill and lezk control ars applicable. In the
& -~ . case of thse systems however. data 1adicates that corro-
i » ..%, sion and poor installation are by far the most common
t.o0 L causes of storage system leaks and spils {1.10]. For ex-

ample. the American Petroleum Institute (API) con-
ducted a survey of 1,717 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 displaved in Table
: 1.1-3. Since no data base exists in this study concerning
; the number or age of the various tvpes of tanks in the
. ground at the time of this suney or the average ages
of each type of tank, the use of the scudy for companng
types of tanks is meamingless. Much svaluable data is
contamed in the study but any attempt 1o compare tank
types would be a misuse of the data.

The life expectancy of any givea tank is difficult
o predict. Experience has shown tha* underground steei
tanks have z finite life. but this hfe is variahle between
S and 45 years depending on the thickness of the steel.
instatlation practices, soil resitivity. pH. <ol moisture
J lexel, the presence of sulfides. the tape of backfill ma-
. terial used. and the tank size. The zverage hfe expec-
y - .. tancy of these tanks is about 15 years. but age by itself
is @ poor indicator of tank integrity.
The cuuses of leaks in steel tanvs, as determined
. by the APl Leuk Sarvey. are <howa in Table 1.1-3.
e F Overall. roughly 91 percent of the lesks in sieel tanks
were caused by conosion. Other cauwes included loose
litmge and physical breaksge. Of the 28 lesking
fiberglass tanks included in the surnves. 9 had dip suck
punctures, 4 had breakage from improper handhng. |
had a backhoe puncture. and 14 had sxperienced 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 1.1-5.

-

Fable 1.1-3

Leaks by Source Categories

Percem
Souice Number of total
Unprotected Steel Tanks 43 62
Steel tznks with
Impressed Cursent 13 09
Steel tanks with
Sacrificial Anodes 0 00
Interior Coated
Steel Tanks 7 0.5
Fiberglass tanks 28 i.9
Steel piping 454 308
Fiberglass piping 50 34
Steel piping with
Impressed Current 7 05
Sub-Total 1472 100
Unspecified Tanks 216
Unspecified Piping 29
Total 1717
Source Reterence [0
Tabhle 1.1-4
Causes of Leaks in Steel Tanks
Percent
Cause Total of Total
Corrosion 775 20.7
Loose Fittings 1] 12
Phywical Breakage 14 l 6
Other 33 6.4
Sub-Total 854 99,9
Unknown or unanswered 59




Table 1.1-8

Causes of Piping Leaks .
Pereent

Cause Mumber ol Toial
Corrosion 343 656
Flex Connector Failure 31 6
Physical Breahage k) 66
Loose Fittings 57 1.1
Other .. 50 97

Sub-Total 5t5 100
Unknown or Unanswered 25

Note These tables emphasize the importance of
corrosion as i cause of storage system leaks.

Souree Reteronee [0

Underground tanks which are connected together
with siphoming pipes present umique problems. Leak
testing beeomes ditticult, of not imposable. to accom-
phsh. the ususal reason for siphoming between tanks 1
to add caputity fo a System. When g smiall tank does
not provide enough gallonage for increased business
fusually after several years), a second tank 1 installed
and is connected o the tirst with a siphon The new
tank and the new piping become targets for electrolytie
corrosion from the ofd tank

C. CORROSION [8,11.12,13,14,15.16.17,18.19,20]

The corrosion of tanks and piping systems i a
complex phenomenon that may take one or more of sev-
eral formy Corrosian results from interactions betweeen
the tanks and pipmg and therr suitoundings, hoth nter-
naf and ¢xternul

The deterwratton of plastics and other pon-metall
materials, which are suaeeptible to salteming. cacking,
swelling, eie,, s essentially chemical moonature [ U]
Non-metallie nutenals may detenorate eepidly shen e
posed o conospne elenents The corrosion of non-
metaffic storage system components wan be controfled
and essentially ehinunated thiough pioper selection amd
carcful handhing of wnk and piping meteriads

In metadiie nedenads, corrosion s ¢ chemical i
clectronhenucal provess Cortoson contral in these ma-
terials 1< thetelne more comphoaded. The remander of
the discusaion in ths chapter focuses on the cintes of
inernal ad extermal cormosion of mtels, the factors
which intfluence this conosion, and the steps which cm
be tnken o protect agdinst this torme of deienoration,

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 corrusion. As shown in Figure
1.1-7, electrohutic corrosion is a result of direct current
from outside sources entering and then leaving a par-
ticular metal structure by way of the electrolyte (sur-
rounding material, such as soil for underground struc-
tures or water for submerged siructures). The structure
is usually unaffected or 1s provided wih sume degree
of prolection at the point the current enters (the cathodic
area). Corrosion cccurs where the current leaves the
structure (the anodic area). In underground structures,
thi type of comosion is often refemred to as stray cur-
rent corrosion. and is a result of cument 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-B. Galvanic comrosivn is a self-gen-
erated activity resulting from ditferences in electrical
potential that develop when metal is placed in an.elec-
trolyte. These difterences in electrical potential can re-
sult fiom the direct coupling of dissimilar metals,. or
they can rescht from variations in conditions which exist
upon the surface of a single metal. The variations could
include: .

&Vanations resulting from non-homogeneity of the

metal. T .
®ifferences which exist within the electrolytes.

When two dissimilar metals are conpected electri-
cally and immersed in an electrolyte, as shown in Fig-
ure b 1-8, current will be generated and galvanic corro-
sion will occur in one of the metals. Current from the
corroding metal witl flow into the electrolyte:.over 1o
the non-correding metal, and then back through the con-
nection between the two metals. The corroding metal
{the one from which current leaves 1o enter the electro-
lyic) 15 hnown as the anode: the metal which receives

current is known as the cathode. Table 1.1-6 shows. the-

B o

anodic-cathodic (galvanic) series of various metals.. , =™

Alternately, as stated previously, the same. metal -

can develop differences n potential, and, as. a<result.
portiony of the surface of that metal become anodic: with
respect o the remainder of the surfuce. As shown in
figure 1.1-8. vorrosion will oceur at these anodic. loca-
Bons .- ) . o
Electrolytic and galvanic corrosion are similar n
thit corrosion always occurs at the anodes. The essen-
nal difference between the two is that in electrolyric
corrusion if is the external current which generates, the
vorrosion, whereas in galvanic corrosmon it is the.como-
swn activity which gererates the current. LR

——— .




Corrosion Allowance. Often comrosion 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-

-roston-resistant materials of construction. Examples of
such items include special alloys, fiberglass reinforced
plastic, and fiberglass reinforced plastic coatings. Spe-
cial altoys are most often used when difficuli-to-contain
fluids ure to be handicd. Stamnless steel 15 an example
of such a material. Stainless steel is a family of alloys.

The corrosion resistant properties of the specific mate-

rizl chosen for the containment vessel should be appro-
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3 W Designation: G 1 - 81

Standard Practice for

PREPARING, CLEANING, AND EVALUATING CORROSION

TEST SPECIMENS'

Ths standard is issoed under the fined designation G 1; the number immediately following the designation indigates the vear

of angaal adoption or, 1n the case of revision, the year of fast reviuon. A pumber 1n

L Scope

1.1 This practice gives suggested procedures
for preparing bare, solid metal specixens for
iaboratory corrosion fests, for removing corro-
sicn products afier the test has been completed,
and for evaluating the corrosion damage that
ssoccurred. Emphasis is placed on procedures
related to the evaluation of corrosion by mass.
fos and pitting measurements,

Nott 1. Cautiom-—In many cases the corrasion
poduct on the reactive titanium and zirco-

iz i & hard and ughily bonded oxide that defies
‘l by chemica) or ordinary mechanical means,

such cases, corrosion rates are established
by weight gain rather 1than weight foss.

1 Applicable Documents

11 ASTM Standards.

A262 Recommended Practice for Detecting
Susceptibility 10 Intergranular Attack in
Stainless Steely’

D 1384 Corrosion Test for Engine Coolants
in Glassware’

G31 Recommended Practice for Laboratory
Immersion Corrosion Testing of Metals®
G46 Recemmended Practice for Examina-

tion and Evaluation of Pitting Corrosion*

. Significance and Use

3.1 A significance and use statement 1s Rot
applicable to this practice.

4 Sampling
4.1 The bulk sampling of products is outside
e scope of 1his praclice '

indicates the year of last

5. Methods for Preparing Specimens for Test

5.1 Surface Condition:

5.1.1 For laboratory corrosion tests that sim-
ulaie exposure o service environments, a com-
mercial surface, closely resembling the one that
would be used in service, will yield the most
significant results.

5.1.2 For more searching tests of cither the
metal or the environment, standard surface
finishes may be preferred. A suitable procedure
might be:

5.1.2.1 Degrease in an organic solveat or hos
alkaline cleaner.

NoTe 2—Hot alkalies and chlorinated solvenu
may attack some metals,

Note 3—Ultrasonic cleaning may be beneficial iz
both pre-test and posi-test ¢cleaning procedures.

5.1.2.2 Pickle in an appropriale solution (i=
some cases the chemical cleaners described iz
Section 7 will suffice) if oxides or tarnish are

nt.

5.1.2.3 Abrade with a slurry of an approp-
ate abrasive or with an abrasive paper (ses
Recommended Praclices A 262, D 1384, acZ
G 31). The edges as well as the faces of thz
specimens should be abraded to remove burrs

5.1.24 Rinse thoroughly and dry,

5.2 Metullurgical Condition—When spec-

T Thus practice s under the junsdiction of ASTM Com-
mutice G -1 on Corrosion of Mctals and 1s the direct respea-
¥bsmy of Subcommittee GO 05 an Laboratury Cotrosia

e3ls.

Currert editon approved Apnt 24. 1981. Publisked Jus
1981 Originally published as G i - 67. Last previvus editica
G1-T2{(1919)

2 Annzsal Rook of ASTM Standards, Parts 3 and 10

? Anual Ruok of ASTM Standards, Part 30.

* Annaul! ook of ASTM Standords, Pan 10
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men preparation changes the metallurgical con-
dition of the metal, other methods should be
chosen or the ical condition must be
corrected by subsequeat treatment, For exam-
Ple, shearing a specimen to size will cold work
and may possibly fracture the edges. Edges
should be machined or the specimen annealed.

5.3 The clean, dry specimens should be
measured and weighed. Dimensions deter-
mined to the third sigaificant figure and mass
determined to the fifth significant figure are
suggested.

6. Method for Electrolytic Cleaning After

Testing

6.1 Electrolytic cleaning is a satisfactory
method for many common metals.

6.1.1 The following method is typical; after
scrubbing to remove loosely attached corrosion
products, electrolyze the specimen as follows:

Sulfuric acd (H,50, Bml
spgr | B4)
Orgamc abubrior 2 ml (see Note 4)
Water to make 1 litre
‘Temperature BCUETH
Time 3 min
CA:’:de carbon or lead (sex Note 5)
test speck
Current deasty 20 A/dm*
Note 4—Instead of using 0.2 volume percent of
‘l:l! proprietary inhibitor, t 0.5 g/litre of such
inhibitors as yl thiourez, quinoline ethio-

dide, or b:unﬁl:ol quinoline may be used.

Nors 5—Ir anodes are used, lead may de-

mlonlhelpedmandunumminthe mass

If the specimen is resistant to nitric gcid, the
lead may be removed by a flash dip in | + 1 nitric
acid. Except for this possible source of error, lead is
preferred as an anode as it gives more efficient cor-
Tosion-product removal.

6.2 It should be noted that this electrolytic
treatment may result in the redeposition of
metal, such as copper, from reducible corrosion
products and, thus, lower the apparent mass
loss.

7. Methods for Chemical Cleaning After Test-
g ,
NoTe €. Caution—These methods may be haz-

ardous to nel. They should not be carried out
by the uninitizted or without professional supervi-
sion.

7.1 Copper and Nickel Alloys—Dip in:

Hydrochloricacd (HCL, sp gr 1.19) 300 m]
Water 1o make { htre
Temperature room
Time I w3 min

Nore 7—To avoid metal loss during cleaning,

G1 i 1"..
deaerats solution with purified nitrogen before clega-
ing specimens.

7.2 Aluminum Alloys—The following math.
ods are suitable:

7.2.1 Dipin:
Chromit and (CrO, g 'nl
Phosphone acid (H.PO, sp gr 1.69)
Water to make ® 1 Yizrw
Temperature * 0°C (1%*F)
Time 5 w 10 nia, o
until cleag

7.2.t.1 If a film remains, dip in:
Nitric acid (HNOs, sp gz 1.42)

Temperature
Tumw I min
7.22 Dipin:
Natric acd (HNOs. sp gr 1.42)
Temperature room
Tume 15 min, or yael
clean

NoTe 8: Cauties—Remove extraneous -
23 well as butky corrosion products before the

treatment 1o avoid violent reactions that may resalt _-

in attack of the sluminum alioy (see 7.9).
1.3 Tin Alloys—Dip in:

Trisodium phosphate (Na,POL) 10g
Water to make 1 litre
Temperature boiling
Tiowe 1) min

7.4 Lead Alloys—Suitable methods include:
7.4.1 Preferably, use the electrolytic cleaning

procedure of Section 6,

742 Dip in:

Acetic acid (99.§ percent) 10 mt
Waler to make 1 litr
Temperature boiling
Time 3 min
7.4.3 Alternatively dip in:
Ammonium acetale S0g
Water w make 1 Lire
Temperature bt
Time 5 min

7.4.3.1 This removes lead oxide (PbO) and
lead sulfate (PbSO,).

1.5 Zinc—The following methods are suita-
ble:

7.5.1 Dip im:
Ammonium hydrowde (NHOH, 150 ml
sp pr090)
Water to make 1 Ltre
Temperature FoOm
Time scveral minutes
152 Then dip in:
Chromic aad (C:0)) S0z
Silver nitrate {AZN0)) 0p
Water to make § bitre
Temperature builing
Time 15w 20s

830

o 9—In i the -
g:;dvinbhto i v_:ll’hesi%‘?“

o of the sil
o ormic acid maast be five from
oa the zinc.
752 Dipin:
Hydriodi acid (HL sp gr 15)
Waker 10 make

Time

7.5.2.1 This procedure di
and corrections must be ma *

7.5.6 Magmesium Alloys— T

Chromic acid {C1Oy)

Silver chromats
Water 10 make

Temperature

Time

2.7 Iron and Steel—The fo
are suitable:

7.7.1 The hot sodium hy::
cellent for cleaning iron a«d
the point of view of case of =
sion products and minim-=
metal.® Because of the hazard
somewhat more scphistica’
quired, other methods may '
alternative choice is electr’,
Section 6). .

7.7.2 Dip in Clarke’s sol___

Antimony trionde (50:0;) T
ol
Time - .
7.7.2.1 Solution should &=
or the specimen should be ru
abrasive implement of woo”
7.13 Dipin:
Sulfuric acd (HSO.sp gr 157
Waler loI make
FTemperature

7.8 Stainless Steels:
2.8.1 Methods in 2.7.1 are
7.8.2 Dip ia:
Nitre acd (HNQ,. sp gr 1.42)
Water to make
Temperature
Time

7.8.3 Alernatively dip i:-

Ammonium atrate .
Water to m-lh/
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it is advisable to ve the silver nitrate separately
aod 384 it to the bmhn&chmmdm prevent
axcestive izati the silver chromats, The

chromic acid must be free from sulfate to avoid attack
oa the zinc,

15.2 Dip in:

Hydriodic acid (HL sp gr 1.5) 25 ml
Water 10 make t titre
Temparature room
Timwe 158

7.5.2.1 This procedure dissolves a little zinc
and cotrections must be made as noted in 8.1.
156 Magnesium Alloys—Dip in:

Chromic acid (Cr0,) 150g
Silver chromate (Ag/CrO4) 0
Waier 1o make 1 litre
Temperaturs boiling
Time I min

1.7 Iron and Steel—The following methods
are suitable:

7.7.1 The hot sodium hydride method is ex-
celleat for cleaning iron and steel both from
the point of view of case of removal of corro-
sion products and minimum attack on the
meial® Because of the hazard involved and the
wmewhat more sophisticated equipment re-
quired, other methods may be preferred. An
shernative choice is electrolytic cleaning (see
Section 6).

1.12 Dip in Clarke’s solution:

Hydrockloric acid (HCL sp 1 btre
An'limyl.“) irioxide (5b:0) 20

Stannous chloride (SnCl) so=
Tempersture oom

Time up to 25 min

7.7.2.1 Solution should be vigorously stirred
or the specimen should be rubbed with a non-
abrasive implement of wood or rubber.

113 Dipin:

Sulfuric scid (H-SO,. spar 1.34) 100 mi)
Organic anhibitor L5ml

Water 1o make 1 Sitre
Temperature SOC(120F)
1.8 Siginless Sieels:

1.8.]1 Methods in 7.7.1 are also applicable.
182 Dipin:
Nuric acd (HNO,, sp gr 1.42) 100 mi

glluiomke lhge
Etaperal G0C (1 F
Time v an(n !

18.3 Aliernatively dip in:

Ammonium citrate 150g
Waser 1o make § Tare

G1

‘Temperature MWC(I58F)

Time A0 to 60 mn

7.9 Mechanical cleaning in some cases may
be used in place of, or as to, chem-

ical treatments to remove bulky adherent de-
posits. A relatively soft scraper or siifl' fiber
bristie brush should be used to avoid scratching
or removal of metal from the surface of the
specimen. However, this method may not re-
move all the products from pits. ;
Notn 10—Such vigorous méchanical cleaning
applicable when mass losses are large and bemcs
efrors in mass loss will produce oaly small gsrors in
wmlmmwmhMb

7.10 In ali the foregoing methods, specimens
should be rinsed following cleaning and
scrubbed lightly with a bristle brush under
running water. The cleaning dip may be re-
peated as necessary. After the final rinse, spec-
imens should be dried and weighed.

8. Calculation of Corrosion Rate

8.1 Whatever cleaning method is used, the
possibility of removal of solid metal is present:
this results in error in the determination of the
corrosion rate. To check this, one or mwore
cleaned and weighed specimens may be re-
cleaned by the same method and reweighed.
Loss due to this second weighing may be used
as an approximate correction to the first one
(see Appendix X2 for 8 more exact method).

8.2 The initial total surface arca of the spec-
imen (making allowances for the change in
area due to mounting holes) and the mass lost
during the test arc determined. The average
corrosion rate may then be obtained as follows:

Corrosion rate » (KX W) (A X Tx D)

where:

K = a constant (see 8.2.1),

T = time of exposure in hours to the nearest

001 b,

A = area in cm? 10 the nearest 0.01 em®,

W = mass loss in g, lo nearest | mg. and

D = density in g/cm” (sec Appendix X1).
8.2.1 Many different units are used to ex-

press corrasion rates. Using the above units for

T, A, W, and D the corrosion rate can be

* Technical Information Bulletns SP29-370 “DuPont So-
dum Hydride aling Provess ing Instructions,”
available from E L duPoat de Nemours & Co. (Inc. ) Elec-
trochenicals Dept., Wilminglon, Del. 19598,

:E;P'l;‘ﬁl-"‘. i :.J-h..‘fuh:r -Q.‘-.‘Iﬂf—(.'t

o
Lemae' T ]
.

3 _.'Jf-__.:*ﬁ:.;.;.u:*r‘

o

T

4_..'
R He g
e




calculated in a variety of units with the follow-

ing appropriate value of X:
Constant (K} in
Corvosion Rats
Corrosion Rate Units Desired Equation
mils per yesr {mpy} asx N
hd:'puw:.lfgy) 345 x 10°
inches per month (ipm) 28T % 10F
millimetres per year (mm/y) 876 x 10°
micrometres per year (sm/y} 8.76 % 10
picomeires per second (pm/s) 278 x I0f
y:»ﬁmmmww 1.00 % 10* x p*
m’ﬂ"'l:dl.thnﬂrepﬁ 240 10°x D*
(mdd)
o PeT square matre per 278 % 10° % D4
second (ng/m"-5)

“ Density is not neaded to calculats the corrosion rate in
thess uails; the density in the constant X cancels out the
density in the corrosion rate equation.

Note Li—If desired, these constants may akso be
used 1o convert corrosion rates from one set of units
to another. To convert & corrosion rate in uaits X to
a rate in uaits ¥, multiple by Kr/Kx for example:

15 mpy = 15 X (2.78 x 10%/(3.45 X 10%) pm/s

8.3 Corrosion rates cakulated from mass
losses can be misleading when deterioration is
highly localized, as in pitting or crevice corro-
sion. If corrosion is in the form of pitting, it
may be measured with a depth gage or microm-
eter calipers with pointed anvils (se¢ Recom-
mended Practice G 46). Microscopical methods
will determine pit depth by focusing from top
to bottom of the pit, when it is viewed from
above (using a calibrated focusing knob) or by

G1

the average metal penetration (as measured by
mass loss).

8.4 Other methods of assessing corrosiog - -.

damage are:
8.4.1 Appearance—The degradation of ap.

.'

}

pearance by rusting, umshmg.oroudann..

ies—An apparent
loss in tensile strength will result if the cros,-
sectional area of the specimen (measured be-
fore exposure to the corrosjve environment) is

8.4.3 Mechanical Propert

reduced by corrosion. Loss in tensile strength .

will result if a metasomatic change, such &
parting has taken place. Loss in tensile

and elongation will result from localized artack,

such as cracking.

8.4.3 Electrical Properties—Loss in apparent -

conductivity will result from cracking or pis-
ting.

8.4.4 Microscopical Examination—Parting,
exfoliation, cracking, or intergranular attack
may be measured by metallographic examina-
tion of suitably prepared sections.

9. Report

9.1 The report should include the composi-
tions and sizes of specimens, their metallurgical
conditions, surface preparations, and post-coe-
rosion cleaning methods, as well as measures
of corrosion damage such as corrosion raies
(calculated from mass losses), maximum depths
of pitting, or losses in mechanical properties.

examining & scction that has been mountedand 10 Precision and Accuracy
metallographically polished. The pitting factor 10.1 A precision and accuracy statement
is the matio of the decpest metal penciration o cannot be made for this practice.
APPENDIXES
XL. DENSITIES FOR A VARIETY OF METALS AND ALLOYS

Aluminum Alloys ____Dl;:’ Copper Alloys vmq
1100, 3004 m Copper 54
1199, 5003, 5357, 6061, 6062, 6070, 6101 270 Brauses:
204 wn Commercial bronze 220 .80
219, 1718 231 Red brass 230 875
3003, 079 24 Cartridge brass 260 352
5050 269 Muatz metal 280 3
5052 5454 168 Admuralty 462, 443, 444, 445 852
5083, 5086, 3154, 5450 i: Aluminum brass 687 133
7075

832

. - =
Aluminum Alloys e
m‘mmsmm Y
Alssmioum broaze, § percent 612 13
Compouion M - .
Phosphor broszs. 3 parcest 310 e
Phosphor bronas, 10 percant 524 3.
25-5-5-5 | =
Siticom broaag 653 L
mevm n L
Mickal silver 752 N
wiﬂl 1
stosl 7L
Silicom iron T4
Low alioy shesls p s
Sizinless stocis:
201, 202, 32, 304, 3041, 321 7
Types 309. 310. 311, 316, 316L. 317, 7
m):"n "
Type 410 'l'.:
Type 430 7.
Type 448 7.
Type 302 7.
Durimet 20 | 8

X2. METHOD FOR DETERMINING ©

BASE ME

X2.1 Repeat the cleaning procedure 8 nu
times. Weigh afier each cleaning and plot ¢
loss against the total time of orthe

of cleanings, see Fig. X2.1. The ordinate at

-




i? Alsmioum bromss, 5 percent 608 L16

Adumiusn broass, 3 percet 612 7 Lesd |
Compasition M oyt Antimonial 10.00 - B
G 7 Chemical ny
hroaze, § percest 510 486 ﬂ
Phosphor bronse, 10 percent 524 :-g Nickel Alioys iy
Silicon bronzs £33 152 Nicksl 200 s ';L
Copper nickals 706, 710, 715 14 Maaal Atiey 400 A - ' 8
Nckal sitver 752 % Tncoloy mg :ﬂ
e st Hindley B o *
2 i .24 X
3 o L Hastelloy C 9 :
A siioos irom 1& Haselloy G (T
P stools 1
5 Jrchmiinen Ocher Meuas .
201, 2. 302, 304, 304L. 321 794 Magoesium L4 '
f_ ”r,:m 310, 311, 316, 3168, 317, 758 Molybdenum 02 15
¥ 3, 330 Piaioum 2148 8
" M am Sitver 0.9 4
DN Lottt 720 Taniabim 1640 £
& o0 mm Tin 130 FALY
£ 6 705 Titamivn 434 vl
& a2 m Zinc 7.3 1Y
- Dutian 20 80 Zirconium » (
& i
% Iyt
- Y. },-
s '{'
b

X2. METHOD FOR DETERMINING MASS LOSS WHERE CLEANING MAY ATTACK THE
. BASE METAL OF THE SPECIMEN

XL1 Repeat the cleaning procedure a number of  section of the two lines is the mass foss caused by
ey e T
o cleamings, see Fig. X2.1. The ordinate ak the inter- m’
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FIG. X2.1 Mass Loss Versus Expesure Tie for Specimens During Clesning
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3. Sigeificance and Use -

3.1 This practice is pv’
acceplance test for ziroom:
Typically specimens are ¢
750'F(399’C)ud15m':

ful p-cllng and rinsing
practice. Samples with a




9. Annual Book of ASTM
Standards, "Standard
Recommended Practice for
Laboratory Immersion Corrosion
Testing of Metals", pt. 10, G-
31-72, American Society for
Testing and Materials,
Philadelphia, Pennsylvania,
1981, pp. 917-928

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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m Designation: G 31 - 72 (Respproved 1078

Standard Recommendad Practice for
LABORATORY IMMERSION CORROSION TESTING OF

METALS'

This mandard i issuad under the fixed designation G 3i; the pumber immadiately ing tha des indicates the
m«.hmmﬂMhmduMAmwhmm‘hmm

your of origi

following

4N gys—Editorksl changes wete made throvghout in March 1979.

1L Scepe
L1 This recommended practice’ describes
wedpmud}lresfor_mdfmgulhn' -

mass 1oss tests. These factors include
wacimen preparation, test condi-
sionz, methods of cleaning speci evalua-

b specimens,

tiou of results, and calculation and reporting of
sl izes the importance of recording ait
pestinent data and provides a checklist for re-
goting test data. Other ASTM for
boratory corrosion tests are tabulated in the

Appendix.

12 Corrosion testing by its very nature pre-
mended practice, rather than a standardized
peocedure, is presented as a guide so that some
of the pitfulls of such testing may be avoided.

13 Experience has showa that sll metals
tad alloys do not respond alike to the many
factors that affect corrosion and that “acceler-
sied™ corrosion tests give indicative resulis
oaly, or may even be entirely misleading, It is
mpractical 10 propose an inflexible standard
laboratory corrosian testing procedure for gen-
el use, except for material qualification tests
Where standardization is obviously required.

14 In designing any corrosion test, consid-
alion must be given to the various factors

in this recommended practice, be-
ause these factors have been found to affect
greatly the resulis obtained.

Nott {: Castion—In many cases the corrosion
Product on the reactive titanium and zivco-
S is & hard and tightly bonded oxide that defies

removal by chemical or ordinary mechanical means.
In many such cases, corrosion fates are establshod
by weight gain rather than weight loss.

2. Applicable Documnents

2.1 ASTM Standards:

A 262 Recommerided Practices for Detecting
Susceptibility to Intergranular Attack in
Stainless Steels™

E 8 Tension Testing of Metallic Materials®

G1 Recommended Practice for Preparing,

Cleaning, snd Evalusting Corrosion Test

Specimens®

G 16 Recommended Pnaic!forApplying
Statistics to Analysis of Corrosion Daia

G46 Recommended Practice for Examina-
tion and Evaluation of Pirting Corrosion*

3. Significance and Use
3.1 A significance and use statement is not
applicable to this practice.

4. Interferences

4.1 The methods and procedures described
herein represent the best current practices for
conducting laboratory corrosion tests &s devel-

! This recommended practice is under the jurisdiction of
ASTM Commistes G-1 on Corosion of Meials and ix, the
direct responsibility of Subcommitice G01.03 on Laborasory
Corrosion Tests.
lwcznmm edition approved May J0. (972. Pybinhed July

7 This recommended rce is based upon INACE Sua-
dard TM-01-89, “Test Mcthod-Laboratory Corrousn Tesuey
of Metals for the Process Industries”, with modificatoons sy
rdaumdmgl);mlmmdedrmﬁlwﬁx
and Metbods A 279,

' Anmc] Book of ASTM Siandards, Part 3.

S Amwic! Book of ASTM Stondards, Pan 1.
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oped by corrosion specialists in the process
industries. For proper inierpretation of the re-
sults obtained, the specific influence of certain
variables must be considered. These include:

4.1.1 Metalspecimens immersed in a specific
hot liquid may not corrode at the same rate or
in the same manner as in equipment where the
metal acts as a heat transfer medium in heating
or cooling the liquid. If the influence of heat
transfer effects is specifically of interest, spe-
cialized procedures (in which the corrosion
specimen serves as & heat transfer agent) must
be employed (1).°

4.1.2 In laberatory tests, the velocity of the
environment refative to the specimens will nor-
mally be determined by convection currents or
the effects induced by aeration or boiling or
both. If the specific effects of high velocity are
to be studied, special techniques must be em-
ployed to transfer the environment through
tubular specimens or to move it rapidly past
the plane face of a corrosion coupon (2). Alter-
natively, the coupon may be rotated through
the environment, although it is then difficult to
evaluate the velocily quantitatively because of
the stirring effects incurred.

4.1.3 The behavior of certain metals and
alloys may be profoundly influenced by the
preseace of dissolved oxygen. If this is a factor
to be considered in a specific test, the solution
should be compictely acrated or deaerated in
accordance with 8.7.

4.1.4 In some cases, the rate of corrosion
may be governed by other minor constituents
in the solution, in which case they will have 1o
be continually or intermittently replenished by
chanping the solution in the test.

4.1.5 Corrosion products may have undesir-
able effects on a chemical product. The amount
of possible contamination can be estimated
from the loss in mass of the specimen, with
proper application of the expected relationships
among (/) the area of corroding surface, (2) the
mass of the chemical product handled, and (3)
the duration of contact of a unit of mass of the
chemical product with the corroding surface.

4.1.6 Corrosion products from the coupon
may influence the corrosion rate of the metal
itself or of different metals exposed at the same
time, For example, the accumaulation of cupric
ions in the testing of copper alloys in interme-
diate strengths of sulfuric acid will accelerate
the corrosion of copper alloys, as compared to

918

G 31 -

the rates that would be obtained if the corrosion
products were continually removed. Cupric
ions may also exhibit a passivating effect upon
stainless steel coupons exposed at the same
time. In practice, only alloys of the same gen-
cral type should be exposed in the testing ap-
paratus,

4.1.7 Coupon corrosion testing is predomi.
nantly designed lo investigate general corro.
sion. There are a number of other special types
of phenomena of which one must be aware in
the design and interpretation of cormosion tests,

4.1.7.1 Galvanic corrosion may be investi-
gated by special devices which couple one cou-
pon to another in electrical contact. The behay- -
ior of the specimens in this galvanic couple are
compared with that of insulated specimens ex-
posed on the same holder and the galvanic
effects noted. It should be observed, however,
that galvanic corrosion can be greatly affected
by the area ratios of the respective meials, the
distance between the metals and the resistivity
of the clectrolyte. The coupling of corrosion
caupons then yields only qualitative results, as
a particular coupon reflects only the relaticn-
ship between these two metals at the particular
area ratio involved.

4.1.7.2 Crevice corrosion or concentration
cell corrosion may occur where the metal sur-
face is partially blocked from the corroding
liquid as under a spacer or supporting hook. It
is necessary to evaluate this localized corrosion
scparately from the overall mass loss.

4.1.7.3 Selective corrosion at the grain
boundaries {for example, intergranular corro--
sion of sensitized austenitic stzinless steels) will
not be readdy observable in mass loss measure-
ments unless the attack is severe enough W
cause grain dropping, and often requires micro~
scopic examination of the coupons after expo-
sure.

4.1.7.4 Dealloying or “parting™ corrosion is
a condition in which one constituent is selec-
tively removed from an alloy, as in the dezinc-
ification of brass or the graphitization of cast
iron. Close attention and a more sophisticated
evaluation than a simple mass loss measure-
ment is required to detect this phenomenon.

4.1.7.5 Certain metals and alloys are subject
to a highly localized type of attack called pitting

*The buldfnce numbers in parentheses refer to the hst of
references at the end of this recommended practwe.
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* corrosion. This cannot be evaluated by mass

loss alone, The of nonuniform cor-
rosion is discussed below. It should be appre-
cisted that pitting is a statistical phenomenon
and that the incidence of pitting may be directly
related to the area of maetal exposed. For ex-
ample, a small coupon is not as prone to exhibit
pmm;uahrpmmdnapmbhtom
the pheaomenon in the comrosion
testing of certain alloys, such as the AISI Type
300 series stainless steels in chloride contami-
nated eavironments.
4.1.7.6 All metals and alloys are subject to
of applied or residual teasile stress, and it may
or may not be visible to the unaided eye or
vpoun casual inspection. A metallographic ex-
amination may confirm the presence of siress
corrosion cracking. It is imperative to note that
this usually occurs with no significant loss in
mass of the test coupon, although certain re-
metals are an exceplion to these obser-
vations. Generally, if cracking is observed on
it can be taken as positive indica-
of susceptibility, whereas failure to effect
pheaomenon simply means that it did not
occur under the duration and specific condi-
tions of the test. Separate and special tech-
niques are employed for the specific evaluation
of the susceptibility of metals and alloys 10
stress corrosion cracking (see Ref. (3)).

5. Apparatus

5.1 A versatile aud convenient apparatus
should be nsed, consisting of a kettle or flask of
suitable size (usually 500 to 5000 mi), a reflux
condenser with atmaspheric seal, a sparger for
controlling atmosphere or aeration, a thermo-
well and temperature-regulating device, a heat-
ing device (mantle, hot plate, or bath), and a
specimen support system. If agitation is re-
quired, the apparatus can be modified to accept
a suitable stitring mechanism, such as a mag-
Detic stirrey. A typical resin flask setup for this
type lest is shown in Fig. L

32 The ted components ¢an be mod-
ified, simplified, or made more sophisticated to
fit 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.

5.2.1 A glass reaction ketile can be used

G

where the configuration and size of the speci-
men will it entry through the narrow kettte
neck (for example, 45/50 ground-glass joint).
For solutions corrosive to glass, suitable metal-
lic or plastic kettles may be employed.

522 In some cases & wide-mouth jar with a
suitable closure is sufficient when simpie im-
Toersion tests at ambient temperatures are to be

igated,
5.23 Open-beaker tests should 1ot be used
because of ion and contamination.

5.24 In more complex tests, provisions
might be needed for continuous flow or replen-
ishment of the corrosive liquid, while simulta-
peously maintaining a controlled atmosphere.

6. Sampling
6.1 The bulk sampling of products is outside
the scope of this practice.

7. Test Specimen

7.1 In laboratory tests, uniform corrosion
rates of duplicate specimens are usnally within
+ 10 percent under the same test conditions.
Occasional exceptions, in which a large differ-
ence is observed, can occur under conditions of
bordertine passivity of metals or alloys that
depend on a passive film for their resistance to
corrosion. Therefore, at least duplicate speci-
mens should normally be exposed in each test.

7.2 If the effects of corrosion are to be de-
termined by changes in mechanical properties,
untested duplicate specimens should be pre-
served in a noncorrosive environment at the
same temperature as the test environment for
comparison with the corroded specimens. The
mechanical property commonly used for com-
parison is the tensile strength. Measurement of
percent elongation is a useful index of embrit-
tlement. The ures for determining these
values are shown in detail in Methods E 8.

7.3 The size and 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
tolal area are desirable. These ratios can be
achieved through the use of square or circular
specimens of minimum thickness. Masking
may also be used to achieve the desired area
ratios but may cause crevice corrosion
lems. Circular specimens should preferably be
cut from sheet and not bar stock, to minimize
the exposed end grain. Special coupoas (for
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example, sections of welded tubing) may be
employed for specific purposes.
73.1 A circular speci of about 38-mm
(1.5-in.) diameter is a convenient shape for
laboratory corrosion tests. With a thickness of
approximately 3 mm (0.125-in.) and an 8-mm
(%e-in) or 11-mm (Ve-in) diameter hole for
mounting, these specimens will veadily pass
through a 45/50 gronnd-glass joint of a distil-
lation kettle. The total surface area of a circular
specimen is given by the following equation:
Av /XD — &Y+ twD + twd

where:

t = thickness,

D = diameter of the specimen, and
d = diameter of the mounting hole.

7.3.1.2 If the hole is completely covered by
the mouating support, the last term (#wd) in the
equation is omitted.

7.3.2 Strip coupons 50 by 25 by 1.6 or 3 mm
(2 by 1 by %e or % in.) may be preferred as
corrosion specimens particularly if interface or
liquid line effects are¢ to be studied by the
laboratory tests (see Fig. 1), but the evaluation
of such specific effects are beyond the scope of
this recommended practice.

133 All specimens should be measured
carefully to permit accurate calculation of the
expased arcas. A geometric area calculation
accurate to 1 percent is usually adequate.

74 More uniform results may be expected if
a substantial layer of metal is removed from
the specimens to eliminate variations in con-
dition of the original metallic surface. This can
be dont by chemical treatment (pickling). ¢lec-
trolytic removal, or by grinding with a coarse
abrasive paper or cloth such as No. 50, using
care not to work harden the surface (see 5.7).
At Jeast 0.0025 mm (0.0001 in.) or 1.55 to 2.33
mg/cm.? (10 to 15 mg/in.?) should be removed.
(1f clad atloy specimens are to be used, special
attention must be given 1o ensure {hat excessive
metal is not removed.) After final preparation
of the specimen surface, the specimens should
be stored in a desiccator until exposure, if they
are not used immediately. In special cases (for
example, for aluminum and certain copper al-
loys), 2 minimum of 24 h storage in a desiccator
is recommended. The choice of a specific treat-
ment must be considered on the basis of 1he
alloy to be tested and the reasons for testing. A
commercial surface may sometimes yicld the

920
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most significant resuhs. Too much surface -

preparation may remove segregated clements,
sarface contamination, etc., and therefore pot
be representative.

1.5 Exposure of sheared edges should be
avoided unless the purpose of the test is w
study effects of the shearing operation. It may
be desirable to test a surface representative of
the materiat and metallurgical conditions nsed
in practice.

7.6 The specimen can be stamped with an
appropriate identifying mark. If metallic con-
tamination of the stamped area may influence
the corrosion behavior, chemical cleaning must
be employed to remove any traces of foreign
particles from the surface of the coupon (for
example, by immersion of stainless steel con-

pons in dilute nitric acid following stamping

witk steel dies).

7.6.1 The stamp, besides identifying the
specimen, introduces stresses and cold work in
the specimen that could be responsible for lo-
calized corrosion or stress-corrosion cracking,
or both.

7.6.2 Stress-corrosion cracking at the iden-
tifying mark is a positive indication of suscep-
tibility to such corrosion. However, the absence
of cracking should not be interpreted as indi-
cating resistance (see 4.1.7.6).

1.7 Final surface treatment of the
should include finishing with No. 120 abrasive
paper or cloth or the equivalent, unless the
surface is to be used in the mill finished con-
dition. This resurfacing may cause some surface
work hardening, 10 an extent which will be
determined by the vigor of the surfacing oper-
ation, but is not ordinarily significaat. The
surface finish to be encountered in service may
be more appropriate for some testing.

7.7.1 Coupons of different alloy composi-
tions should never be ground on the same cloth.

7.7.2 Wet grinding should be used on altoys
which work harden quickly, such as the austen-
itic stainless steels.

7.8 The specimens should be finally de-
greased by scrubbing with bleach-free scouring
powder, followed by thorough rinsing in water
and in a suilable solvem (such as acetone,
methanol. or a mixture of 50 percent methanol
and 50 percent ether). and air dried. For rela-
tively soft metals (such as aluminum, magne-
sium, and copper). scrubbing with abrasive
powder is not always needed and can mar the

surfueohhupmrmpl
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surface of the specimen. Praper ultrasanic pro-

cedures are an acceptable alternate. The use of

towels for drying may introduce an error

through contamination of the specimens with
or lint.

7.9 The dried specimens should be weighed
on an analytical balance to an accuracy of at
least 0.5 mg. If cleaning deposits (far example,
scouring powder) remain or lack of complete
dryness is suspected, then recleaning and
drying is perforroed until & constant weight is
attained.

7.10 The method of specimen preparation
should be described when reporting test results,
to facilitate interpretation of data by other per-
sons.

7.11 The use of welded specimens is some-
times desirable, because soms welds may be
aathodic or anodic to the pareat metal and may
affect the corrosion rate.

7.11.1 The heat-affecied zone is also of im-
portance but should be studied separately. be-
cause welds on coupons do not faithfully repro-
duce heat input or size effects of full-sizs weld-
ments.

7.11.2 Corrosion of & welded coupon is best
reported by description and thickness measure-
ments rather thap & mils per year rate, because
the attack is zormally localized and not repre-
sentative of the entire surface,

7.113 A complete discussion of corrosion
testing of welded coupons or the effect of heat
treatment on the corrosion resistance of 2 metal
is not within the scope of this recommended
Ppractice. ;

3, Test Conditions

8.1 Selection of the conditions for & labora-
tory corrosion lest will be determined by the

of the test.

8.1.1 If the test is to be a guide for the
selection of a material for a particular purpose,
the limits of the controlling factors in setvice
must be determined. These factors include ox-
ygen concentration, temperature, rate of flow,
pH value, composition, and other important
characteristics of the solution.

82 An cffort should be made to duplicate
all pertinent service conditions in the corrosion
test,

8.3 It is important that test conditions be
controlled throughout the test in order to en-
sure reproducible results.

GN

8.4 The spread in corrosion rate values for
duplicate specimens in a given test probably
should not exceed x10 percent of the average
when the attack is uniform,

8.5 Compasition of Solution:

8.5.1 Test solutions should be prepared ac-
curately from chemicals conformicg o the
Specifications of the Committee on Analytical
Reagents of the American Chemical Sociery®
and distilled water, except in those cases where
naturally occurring solutions or tbose taksa
directly from some plant process are ased.

8.5.2 The composition of the test solutions
should be controlled to the fullest extent pos-
sible and should be described as
and as accurately as possible when the resshis
are

8.52.1 Minor constituents should not be
overlooked because they often affect cormoson
rates.

8.52.2 Chemical content should be reposted
a3 percentage by weight of the sol:tions. Mo~
farity and normality are also helpful in defixing
the concentration of chemicals in some test
solutions.

8.5.3 If problems are suspected. the copo-
sition of the test solutions should be checked
by analysis a1 the end of the test 1o deternine
the extent of change in composition, such as
might result from evaporation or Cepletion.

8.5.4 Evaporation losses may be contrlled
by a constant level device or by freqoect ad-
dition of appropriate solution to maintaiz the
original volume within +1 percent. Preferably,
the use of a reflux condenser ordinarily pre-
cludes the necessity of adding to the orginal
kettle charge.

8.5.5 In some cases, composition of the test
solution may change as & resul: of caalytic
decomposition or by reaction with the tex cou-
pons. These changes should be deteymized if
possible. Where required, the exhansted con-
stituents should be added or a fresh scintion
provided during the course of ths test,

8.5.6 When possible, only one type of metal
should be exposed in a given fes: (see 4.1.6).

8.8 Temperature of Solution:

* “Reagent Chemicals, American Chemucal Socury Spec-
sicabons,” Am. Chemical Soc.. Washinpon. D. C For sug-
ions on the testing of resgents not Gsisd by the American
hemical Society, sce “Reagent Chemicals aod Sundards.™
by Joseph Rosin, D, Van Nostrand Co_ 3¢ New York, N.
« and the “United States -
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8.6.1 Temperature of the solution
should be controfled within 21 C (1.8 F) and
must be stated in the report of test results.

8.6.2 If no specific temperature, such as boil-
ing point, is required or if a temperature range
is to be investigated, the selected temperatures
used in the test, and their respective duration,
must be

8.6.3 For tests at ambient temperature, the
tests should be conducted at the highest tem-
perature anticipated for stagnant storage in
summer moaths. This temperature may be as
high as from 40 to 45 C (104 to 113 F) in some
areas. The variation in temperature should be
reported also (for example, 40 & 2 C).

8.7 Aeration of Solution:

8.7.1 Unless specified, the solution should
not be acrated, Most tests related to process
equipment should be run with the natural at-

inherent in the process, such as the
vapors of the boiling liquid.

8.7.2 If acration is employed, the specimen
should not be Jocated in the direct air stream
from the sparger. Extrancous effects can be
euncountered if the air stream impinges on the

specimens.

8.7.3 If exclusion of dissolved oxygen is nec-
essary, specific techniques are required, such as
prior heating of the solution and sparging with
an inert gas (usually nitrogen). A liquid atmos-
pheric seal is required on the test vessel to
prevent further contamination.

8.7.4 If oxygen saturation of the test solution
is desired, this can best be achieved by sparging
with oxygen. For other degrees of aeration, the
solution should be sparaged with air or syn-
thetic mixtures of air or oxygen with an inert
gas. Oxygen saturation is a function of the
partial pressure of oxygen in the gas.

8.8 Solution Velocity:

8.8.1 The effect of velocity is not usually
determined in normal laboratory tests, al-
though specific tests have been designed for
this purpose.

8.8.2 Tests at the boiling point should be
conducted with the minimum possible heat
input, and boiling chips should be used to avoid
excessive turbulence and bubble impingement.

§.8.3 In tests below the boiling point, ther-
mal convection generally is the only source of
liquid velocity.

8384 In test solutions with high viscosity,
supplemental controlled stirring with a mag-

922

G
netic stirrer is recommended.
8.9 Volume of Test Solution:

be Iarge enough to avoid any appreciable
change in its corrosivity during the test, vither

8.9.t The volume of the test solution should - i
ﬁ.!.

through exhaustion of corrosive constituents or - i
by accumulation bl corrosion products tham %

might affect further corrosion.

892 Twoemphohmmmndedm o4

imum “solution volume-
tio are 20 ml/cm? (125 ml/in?) ofspem

surface (Recommended Practice A 262), aad -

40 ml/cm’ (250 m}/in.%).

8.9.3 When the test objective is to determine
the effect of a metal or alloy on the charscier-
istics of the test solution (for example, o deter-
mine the effects of metals on dyes), it is desir
able to reproduce the ratio of solutioa volume
to exposed metal surface that exists in i
The actual time of contact of the metal with the
solution must also be taken into account. Any
necessary distortion of the test conditions must
be considered when interpreting the resulis.

8.10 Mechod of Supporting Specimens:

8.10.1 The supporting device and container
should not be affected by or cause contamina-
tion of the test solution.

8.102 The method of supporting specimens
will vary with the apparatus used for conduct-
mgthetul, but should be designed to insulate
the specimens from each other physically and
electrically and to insulate the specimens from
any metallic container or supporting device
used within the apparatus. .

8.10.3 Shape and form of the specimen sup-
port should assure free contact of the specimen
with the corroding solution, the liquid line or
the vapor phase as shown in Fig. 1. If clad
alloys are exposed, special procedures will be
required to ensure that only the cladding is
exposed, unless the purpose is 1o test the ability
of the cladding to protect cut edges in the test
solution.

8.104 Some common supports are glass or
ceramic rods, glass saddles, glass hooks, fluo-
rocarbon plastic strings, and various insulated
or coaled metallic supports.

8.1% Duration of Test:

8.11.1 Although duration of any test will be
determined by the nature and purpose of the
test, an excellent procedure for evaluating the
effect of time on corrosion of the metal and
also on the corrosiveness of the enviroament in

4
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laborstory tests has been presented by Wachter
and Treseder {4). This technique is called the
“planned interval test,” snd the procedure and
evaluation of results are given in Table 1. Other
procedures that require the removal of salid
corrasion products between exposure periods
will not measure accurately the normal changes
of corvesion with time.

8.11.2 Materials that expericuce severe cor-
rasion penerally do not ordinaxily need lengthy
sests to obtain accurate corrosion rates. How-
gver, there are cases where this assumption is
not valid. For example, lead exposed to sulfuric
acid coryodes at an extremely high rate at first,
while building a protective film; thea the rates
decrease considerably so that further corrosion
is negligible. The phenomenon of forming a

ive film is observed with many corro-
sion-resistant materials. ‘Therefore, short tests
on such materials would indicate & high cor-
rosion sate and be completely misleading.

8.11.3 Shont-time tests also can give mislead-
ing results on atloys that form passive films,
such as stainless steels. With borderline condi-
tions, a prolonged test may be needed to permit
breakdown of the passive film and subsequent
more rapid attack. Consequently, tests run for
long periods are considerably more realistic
than those conducied for short durations. This
siatement must be qualified by stating that
corrosion should not proceed to the point whers
the original specimen size or the exposed area
is drastically reduced or where the metal is
perforated.

8.114 If anticipated corrosion rates are
moderate or low, the following equation gives
the suggested test duration:

Hours = 2000/{corrosion rate in mpy)

where mpy = mils per year (see 11.2.1 and
Note 2 for conversion to other units).

8.11.4.) Example--~Where the corrosion rate
:Iﬂmw.ﬂmm;mmmfmnmm

8.114.2 This method of estimating test du-
ration is useful only a5 an aid in deciding, after
8 test has been made, whether or not it is
desirable to repeat the test for & longer period.
The most common testing periods are 43 to 168
b (2 w0 7 days).

8.11.5 In some cases, it may be necessary to
know the degree of contamination caused by
the products of corrosion. This can be accom-

G

plished by analysis of the solution afier corro~
sion has occurred, The corrosion rate can be
calculated from the concentration of the matrix
metal found in the solution apd it can be
compared to that determined from the masg
loss of the specimens. However, some of the
corrosion products usually adhere to the spec-
imen as & scale and the cormosion rate caleu-
Iated from the metal content in the solution i
not always cotrect. .

8.12 The design of corrosion testing pro-
grams is further discussed in Recommended
Practice G 16.

9. Methods of Clesning Specimens aher Test

9.1 Before specimens are cleaned, their ap-
pearance should be observed and recorded.
Location of deposits, variations ip types of
depaosits, or variations in corrosion products are
extremely important in evaluating localized
corrosion, such a3 pitting &nd concentration
cell attack,

5.2 Cleaning specimens after the test is a
vital step in the corrosion test procedure and if
pot dane properly, can cause misleading results,

9.2.1 Generally, the cleaning procedure
should remove all corrosion products from
specimens with a minimum removal of sound
metal.

§.22 Set rules cannot be applied o specimen
cleaning, because proceduses will vary, depend-
ing on the type of metal being cleaned and on
the degree of adhereace of corrosica products.

9.3 Cleaning methods can be divided imto
three general categories: mechanical, chemicat,
and electrolytic.

9.3.1 Mechanical cleaning includes scrub-
bing. scraping. brushing, mechanical shocking,
and ultrasonic procedures. Serubbing with a
beistle brush and mild abrasive &s the most
popular of these methods. The otkers are used
principally as a supplement 10 temove heavily
encrusted corrosion products befare scrubbing.
Care should be used 1o avoid the removal of
souitd metal,

9.3.2 Chemical cleaning implits the removal
of material from the surface of the specimen by
dissolution in an appropriate chemical solution.
Sofvents such as acetone, carbon tetrachloride,
and alcohol are used to remove ail, grease, or
resin and are usvally applied prior to other
methods of cleaning. Chemicals are chosen for

o . T
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application 10 & specific material. Methods for
chemical cleaning afier testing of specific met-
als and alloys are described in Recommended
Practice G 1.

9.3.3 Electrolytic cleaning should be pre-
ceded by scrubbing to remove loosely adhering
corrosion products. A method of electrolytic
cleaning is described in Recommended Practice
Gl

9.3.3.1 Precaulions must be taken to ensure
good electrical contact with the specimen, to
avoid contamination of the solution with easily
reducible metal ions, and to ensure that inhib-
itor decomposition has not occurred.

94 Whatever treatment is used lo clean
specimens after 2 corrosion test, its effect in
removing metal should be determined and the
mass loss should be corrected accordingly. A
“blank™ specimen should be weighed before
and after exposure to the cleaning procedure to
cstablish this mass loss (see also Recommended
Practice G 1). Careful observation is needed to
ensure that pitting does not occur during clean-
in,

9.4.1 Following removal of all scale, the
specimen should be treated as discussed in 5.8.

9.4.2 The description of the cleaning method
should be included with the data reported.

10. Interpretation of Results

10.1 After corroded specimens have been
cleaned, they should be reweighed with an
accuracy corresponding to that of the original
weighing. The mass loss during the test period
can be used as the principal measure of corro-
sion. <

10.2 After the specimens have beéen re-
weighed, they should be examined carefully for
the presence of any pits. If there are any pits,
the average and maximum depths of pits are
determined with & pit gage or a cahbrated
microscope which can be focused first on the
edges and then on the bottoms of the pits. The
degree of lateral spreading of pits may also be
noted.

10.2.1 Pit depths should be reported in mil-
limeters or thousandths of an inch for the test
period and not interpolated or extrapolated to
millmeters per year, thousandths of an inch
per year, or any other arbitrary period because
rately, if ever, is the rate of initiation or prop-
agation of pils uniform.

10.2.2 The size. shape, and distribution of

924

G

%
pits should be noted. A distinction should be &

made between those occurring underneath the -
supporting devices (concentration cells) and - -
those on the surfaces that were freely exposed £

to the test solution (see Recommended Practice

10.3 If the material being tested is suspected .

G 46). . ,3
A

of being subject to deatloying forms of corro- .=
sion such as dezincification or to intergranular g
attack, & cross section of the specimen should - &
be microscopically examined for evidence of 3

such attack.

10.4 The specimen may be subjected to sim-
ple bending tests to determine whether any
embritilement attack has occurred.

10.5 It may be desirable to make quantita-
tive mechanical tests, comparing the exposed
specimens with uncorroded specimens reserved
for the purpose, as described in 7.2,

. Calkculating Corrosion Rates

11.1 Calculating corrosion rates requires
several pieces of information snd several as-
sumptions:

11.1.1 The use of corrosion rates implies tha
all mass loss has been due to general corrosion
and not to localized corrosion, such as pitting
or intergranular corrosion of sensitized areas
on welded coupons. Localized corrosion is re-
ported separately.

11.1.2 The use of corrosion rates also implies
that the material has not been internally at-
tacked as by dezincification or intergranular
corrosion.

I1.1.3 Internal attack can be expressed as a
corrosion rate if desired. However, the calcu-
lations must not be based on weight loss (except
in qualification tests such as Recommended
Practice A 262), which is usually small but on
microsections which show depth of anack.

11.2 Assuming that localized or internal cor-
rosion is not present or is recorded separately
in the report, the average corrosion rate can be
calculated by the following equation:

Corrosion rate = (K X W)/ (A X Tx D)

where:

K = & constant (see below)

T = time of exposure in houts to the nearest
0.0t h,

A = area in ¢m® to the nearest 0,01 cm?,

W = mass loss in g, to nearest | mg (corrected
for any loss during ¢leaning (see 9.4))-

and -
D -densilying/ﬂll’a(mw
Recommended

Practice G 1).
112.1 Maay different units are ¢
press corrosion rates. Using the abo'
T, A, W, and D, the m L1
calculated in a variety of units with
Ce
C

Corrosion Rate Upits Desired
elabelrd i
m;mhp-) 8
millitetres pec year (mm/Y) :'.:
micrometres per year 21

picometres per second

mwwmﬂmw i
n 'h’ . ]
-ﬂ'j‘nqummpﬂ 2
day (mdd) 2

MICIOgTAMS PEF SQUATE MWRIE per
s:::nd(pglm‘-!)

“ Deasity is not necded 10 calculaba the 1
thucumu?'l'hedeuilyillhmmx
density in he corrosion rale equation.

Nore 2—If desired, these constan!
used to convett corrosion rates from ¢
to another. To converl & Corroslon s
a rate of units ¥, multiply by Ky/Kx |

1S mpy = 15 X [(278 X 10")/(3.45
o = 12t pm/fs

12. Reporting the Data |

12.1 The importance of report
completely as possible cannot b
12.2 Expansion of the testing §
future or correlating the resulls
other investigators will be possi
pertinent information is propesi!

123 The following checklis
mended guide for reportiag 21l
formation and data.

12.3.1 Corrosive media aod
(any changes during test).

([) Fisher, A. O. and Whilnq._.lr
Methods for Determining
Under HMeat Flux Conditions
15, No. 5, May 1359, p. 35Tt
(2) US. Patent 3,228,236, {969
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and
D = density in g/cm®, (see Appendix X1 of
Recommended Practice G 1).

il.2.1 Many different units are used to ex-
press cotrasion rates. Using the above usits for
T, A, W, and D, the corrosion rate can be
cakulated in a variety of units with the follow-

ing appropriate value of X:
Coostant (K) i
Corrasion Rate
Corrosion Rate Usits Desired Equation
mils per yoor ) 345 x i0*
H:"puyu(;gg) 345 x 10°
inches per momihs (ipm) 287 x I¢#
aillimeires (mm/y) .76 % 10"
mp;r’;:t (wm/¥) 826 x 10
picometes per second (pry/s) 27 x 0
pu-’ per square matre per hour (g/ 100 x 10" x D"
.h)
per squarc decimetre per 240X i0*x D°
day (mdd)
micrograms square metre per 213x 10" x D
second {pg/m" -3}

* Demsily is not needed Lo calculate the corvosion rate in
these unitn. The density in the constsat X cancals out the
density in the corrosion rate equation.

Note 2—If desired, these constants may also be
weed 1o convert corrosion rates from one set of units
1o another. To convert a cosrosion rate in unils X to
arxe of units ¥, owlliply by Ky/Kx for exampie:

15 mpy = 5 X {(2.78 x 13%)/(3.45 X 10")jpm/e

= {2.1 pm/s

12. Reporting the Data

12.1 The importance of reporting all data as
completely as possible cannot be overempha-
sized.

12.2 Expansion of the testing program in the
futare or corvelating the results with tests of

other investigators will be possible only if sll
pertinent information is properly recorded.
123 The l‘ollowir::‘checklin is a recom-
mended guide for rting all important in-
formation and data.
123.1 Corrosive media and conceniration

(eny changes during test).

& cat

12.3.2 Volume of test solution.

123.3 Temperature (maximum, minimum,
average).

123.4 Acration {describe conditions or tech-
nique).

123.5 Agitation (describe conditions or
technique),

123.6 Type of apparatus used for test.

12.3.7 Durstion of each test.

12.3.8 Chemical composition or trade name
of metals tested.

1239 Form and matallurgical conditions of

specimens.

123.10 Exact size, shape, and area of speci-
mens,

12.3.11 Treatment used to prepare speci-
mens for test.

12.3.12 Number of specimens of each ma-
terial tested, and whether specimens were tested
separately or which specimens tested in the
same container.

123.13 Method used to clean specimnegs
after exposure and the extent of any emor

by this treatment,

12.3.14 Initial and final masses and actuat
mass losses for each specimen.

12.3.15 Evaluation of attack if other than
general, such as crevice corrosion uander sup-
port rod, pit depth and distribution, and results
of mic ical examination or bend tests.

123.16 Corrosion rates for each specimen.

12.4 Minor occurrences or deviations from
the proposed test program often can have sig-
nificant effects and should be reported if
known.

12.5 Statistics can be a valuable tool for
znalyzing the results from lest programs de-
signed to gencrate adequate data, Excellemt
references for the use of statistics in corrasion
studies inciude Ref. (5) through (7) and in
Recommended Practice G 16.

13. Preclsion and Accuracy
13,1 A precision and accuracy statement
cannot be made for this standard.
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TABLE 1 Ploaned Intersal Corresion Test
(Reprinted by peinission from Chewica! Exgineering Progress, June 1947.)

" idemtical specimens all placed in the same corrosive fhuid. Imposed conditions of the test kept constant for eptire e s +
L Lasters, Az, Ay Aser, B, represent corrasion damage experienced by esch test 3pecimen. 4, is calculated by subtracting 4,
from Asei.
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Oceurrences During Corrosion Tost Crileria !f
iquid corrosiveness sockanged Aym g (2
Liquid decreased B <4 LC g
imcressed AxB o)
Mwtal corrodibility anchauged A= B ;
decreased A<B i
imcroased B <A o
) Combiaations of Situations ] ¥ 3
{ Lk - ool il Ceiveria é
i 1. unchanged unchanged Py Y ) W
- 2 uachanged docrassed Ar<Ai =B Ly

3. unchanged increased AmB <A S
i 4. decreaned unchanged A= B <A

S. dacreased decrensed Aj<B <A s P
< 6. decressed increased A>8 <Ay g+
: 7. increased unchanged A<A;=B b3

§. increased discreand A<B >A :

9. increased incressed A <B <A, : X
© Example; Conditions: Duplicate steips of low-carbon stesl, each % by 3 in., immersod in 200 mi of I percent AKCL-90 j &
- percent mixture through which dried HCl gas was slowly bubbled at atmospheric pressure. Temperature 50 C. ¥

Interval, Max Loss, Penctration,  Appareni Cormosion st
{ days mg tmils Rate. mpy ﬁu 4
a o1 1080 1.9 620 ﬁl" ki
A 0-3 1430 224 m A
A 0-4 1460 29 i l'a' g
2 34 70 0.1l « il
s alk 34 30 005 1 2
M.‘ Az B< Ay gﬁ'
005 «<Cll <1 Gl
Therefore. liquid markedly decreased 1o corrosiveness during test, and formation of partially protective scale on the steel was Q;'-ﬂl :
ndicated AN
; k¥
4
£ |
Ay
N

e e
o L7 Y ERNESEY bt

e
et e o i o 2 e,
B e o =




an A

|} RE] I SRV

P

No‘l'l—'l'heMmhuﬂunmﬂﬂcaﬂmlmmmmmﬂmuﬁmplﬁmmlnll.Couﬁ‘ulllﬁnd'
top %0 flask is such that more sophisticated apperalos can be added a3 required by the specific test being conducted. 4 =
lhannudl.l-mmc-mm‘mmmm.n-minlu.t.‘-hnun;m:k.r-liqu
interface, G = opening in flask for additional apperatus that may be required, and M = reflux condenser.

FIG. 1 Typleal Resin Flask.

APPENDIX
X1. LISTING OF ASTM LABORATORY CORROSION TESTS

A 262 Recommended Practices for Detecting Sus- G2 Recommended Practice for Aqueous Coiro-
ceptibility to intergranular Attack in Stainless sion Testing of Samples of Zirconium and Zic-

conium Alloys®
smmm-sﬁn pray (Fog) Testing* ™" ence Method for Making Potentiostatic and Po-

S

B 358 Accelerated Acetic Acid-Saht Spray u:mioc‘lynamic Anodic Polarization Measure-
(m (CASS Test)"* ments

B %0 ion Testing of Decorative Chromium

Plating by the Corrodkote Procedure’ * Annsal Book of ASTM Stondards, Pait 9.
D2251 Test for Metal Corrosion by Ha tled " Aanual Beok of ASTM Standards, Pan 27.
Organic Solvents and Their Admi ® Annsal 8ok of ASTM Standards. Part 30,

The Amevican Society for Tesung and Moterials tokes no lion repecting the valihty of uny patent rights gyseried in
mm-ym-gma this stondard. Umq‘m’::vdwdwu;nﬂ) dwn‘:r{nd{lmhn

of the veliday
of any smch patent rights, and the risk of infringement of suck rights, are entwrely their wwn responsibeliy.

This scomdiard is subject to revision at on; sime by the responuble techmical commytice end must be reviewed every five sears
and if not rewsved, either reapproved or wa. Your comments are imited euther for revivion of this sianderd or for
Sandards and should be addressed 10 ASTM Headquarters. Your comments will recene careful comsideration lumhg:m

technical commutee, which you may anend. If you feel thut your comments have not recerved o fawr oot should
mcke your views known to the ASTM Commitiee on Standards, 1916 Race 51 , Phulgdelphia, Pa. 19103, whick will scheduic ¢
Justher hearing regarding your comments. Fallng satisfuciion there, you may appeal 1o the ASTM Board of Dircctors.
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. tee on Cavitation re
art then existent (2)

1. Scope
1.1 This method covers !
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in the test liquid under sp
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Standard Test Method for ~

ASTM D 543 - 67 (Reapproved 1978}

RESISTANCE OF PLASTICS TO CHEMICAL

REAGENTS!

Thus standard is issued onfy under the ficed designahon
the year of of adoplion
of it reapproval.

D 543, the number unmedisiefy
or, in the case of revision, the year of last revinon. A number in parenthases indicates tha year

istefy following the designations indicases

Thus method Aas been approved for use by agencits of the Deportmmnt of Defense and for Ysting in the DoD Index of Specificasions

and Standards.

L. Scope

1.1 This method covers the testing of all
plastic materials, including cast, hot-molded,
wid-molded, laminated resinous products,
and sheet materials, for resistance to chemical
reagents (Note Z). This method includes pro-
wisions for reporting changes in weight, di-
mensions, appearance, and strength proper-
nes (Note 3). Standard reagents are specified
10 establish resulis on a comparable basis.
Provisions are made for various exposure
times and exposure to reagents at elevated
tempetatures.

Note 1 -The values stated inr S units are to be
regarded as the standard.

jorx 2—The resistance of plastic films to ex-
wraction by chemicals vhall be determined in accord-
ance with Method D 1239.

NoTe 3 -The effect of chemical reagents on
other properties shall be determined by making
measurements on standard specimens for such tests
I&:&wre and after immersion in the reagents speci-

1. Applicable Documents

21 ASTM Standards:

D 13 Specification for Spirits of Turpeatine.?

D 396 Specification for Fuel Oils®

D618 Conditioning Plastics and Electrical
Insulating Materials for Testing’

1)883‘Dcﬁnitions of Terms Relating 1o Plas-
tics

D 1040 Specification for Uninhibited Min-
eral Insulating Oil for Use in Transformers
and in Oil Circuit Breakers®

D 1239 Test for Resistance of Plastic Films
to Extraction by Chemicals*

D 1898 Recommended. Practice for Sampling

of Plastics

E 177 Recommended Practice for Use of the
Terms Precision and Accuracy as Applied
to l:leasuremem of a Property of a Mate-
rial

3. Significance and Use

3.1 The limitations of the results obtained
from this test should be recognized. The
choice of types and concentrations of re-
agents, duration of immersion, temperature
of the test, and properties to be reported is
necessarily arbitrary. The specification of
these conditions provides a basis for standard-
ization and serves as a guide to investigators
wishing to compare the relative resistance of
various plastics to typical chemical reagents.

3.2 Correlation of test results with the ac-
tual performance or serviceability of plastics
is necessarily dependent upon the similarity
between the testing and end-use conditions.
For applications involving contibuous immer-
sion, the data obtained in short time tests are
of interest only in climinating the most unsuit-
able materials or indicating a probable relative
order of resistance to chemical reagents,

' This method is wnder the junsdiction of ASTM Com-
mutee D-20 on Plastics and 1 the direct respongibility of
Subcommittee D-20 50 on Permanence h’%mﬂ .

Current edition effective Aug 24, 1967. Originally
issued 1939, Replaces D 543-65.

1 Annudl Baok of ASTM Standerds, Part 29.

¥ Annual Book of ASTM Standards, Purc 23.

* Annual Book af ASTM Siandords, Part 35,

® Annual Book of ASTM Standards, Part 40.
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3.3 Evaluation of plastics for special appli-
cations involving corrosive conditions should
be based on the particular reagents and con-
centrations to be encountered. The selection of
test conditions should take into account the
manner and duration of contact with reagents,
the temperature of the system, and other per-
formance factors involved in the parsticular ap-
plication.

4. Apparatus

4.1 Balance — An accurate chemical bal-
ance.

4.2 Micrometers — Micrometers capable of
measuring dimensions of test specimens to
0.025 mm (0.001 in.).

4.3 Room, or enclosed space capable of
being maintained at the Standard Laboratory
Atmosphere. as prescribed in Methods D 618.

4.4 Containers —Suitable containers for
immersing specimens in chemical reagents.
They must be resistant to the corrosive effects
of the reagents being used. Venting should
be provided, especially when using volatile
reagents at elevated temperaures.

4.5 Oven or Constant-Temperaure Bath,

_ capable of maintaining temperature within *

2°C of the specified test temperatures.

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
being determined.

5. Reagents and Materiale

5.1 The following list of standard reagents
is intended to be representative of the main
categories of pure chemical compounds, solu-
tions, and common industrial products.
Chemicals used in this test shall be of techni-
cal grade or greater purity. All solutions shall
be made with freshly prepared distilled water.
Specified concentrations are on a weight per-
cent 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 rcagents is not
intended to preclude the use of other reagents
pertinent to particular chemical resistance re-
quirements. It is intended to standardize on
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typical reagents. solution concentrations, and
industrial products for general testing of the
resistance of plastics -to chemical reagents.
Material specifications in which chemical re-
sistance is indicated shall be based on reagents
and conditions selected from those [isted
herein except by mutual agreement between
the seller and the purchaser.

5.3 The standard reagents are as follows:

5.3.1 Acetic Acid (sp gr 1.05)—Glacial
acctic acid.

5.3.2 Acetic Acid; (5 %)—Add 48 ml (50.5 g)
of glacial acetic acid (sp gr 1.05) to 955 ml of
water.

5.3.3 Acetone.

5.3.4 Ammonium Hydroxide {sp gr 0.90)—
Concentrated ammonium hydroxide (NH,-
OH).

5.3.5 Ammonium Hydroxide (10%)—Add
375 ml (336 g) of NH,OH (sp gr 0.90) to 622
m! of water.

5.3.6 Aniline.

5.3.7 Benzene.

5.3.8 Carbon Teirachloride.

5.3.9 Chromic Acid (40 %;)—Dissolve 549 g
of chromic anhydride (CrQO;) in 822 ml of
water.

5.3.10 Citric Acid {1 %)—Dissolve 104 g of
citric acid crystals in 935 ml of water.

5.3.11 Cotionseed Oil, edible grade.

5.3.12 Detergent Solurion, Heavy Duty
(0.025 %)—Dissolve 0.05 g of alkyt aryl sulfo-
nate and 0.20 g of trisodium phosphate in 1000
ml of water.

5.3.13 Diethy! Ether.

5.3.14 Dimethyl Formamide.

5.3.15 Distilled Water, freshly prepared.

5.3.16 Ethyl Aceiate.

5.3.17 Eihyl Alcokol (95 %)—Undenatured
ethyl alcohol.

5.3.18 Ethyl Alcohol (50 %)—Add 598 ml
(482 g) of 95 % undenatured ethyl alcohol to
435 mi of water.

5.3.19 Ethylene Dichioride.

5.3.20 2-Ethvlhexyl Sebacate.

5.3.21 Heptane, commercial grade, boiling
range 90 to 100°C.

5.3.22 Hydrochloric Acid (sp gr 1.19)—
Concentrated hydrochloric acid {HCl).

5.3.23 Hydrochloric Acid (10%)— Add
239 ml (283 g) of HCI (sp gr 1.19) to 764 mt
of water.

5.3.24 Hydrofluoric Acid (40 %
add 748 ml (866 g) of hydrofluc:
to 55 percent HF) to 293 mlof v..

5.3.25 Hydrogen Peroxide Sa__.
or USP 100 Volums).

5.3.26 Hydrogen Peroxide Sc:
or USP 10 Volume) —Add 98 1*
commercial grade (100 vol or 7=
gen peroxide (H,O,) 10 90l ml«”

5.3.27 Iooctane (2,2,4-Trim.
tane). .

5.3.28 Kerosine —-No. 2 fuel oi
tion D 396.

5.3.29 Methyl Alcohol.

5.3.30 Mineral Oil, White, UL«
to 0.860; Saybolt @ 100°F, 125 to

5,331 Nitric Acid (sp gr 1.4:
trated nitric acid (HNO;).

5.3.32 Nitric Acid (40 %)- f
(710 g) of HNO; (sp gr 1.42]
water.

5.3.33 Nitric Acid (10 %) - .
(153 g) of HNO, (sp gr 1.42) ¢
water.

5.3.34 Oleic Acid, cP.

5.3.35 Olive Oil, edible grade

5.3.36 Phenol Solution ({5 ~
47 g of carbonic acid crystals, U2
of water.

5.3.37 Soap Solution (1 %) -
hydrated pure white soap flakes<

105°C) in water.

5$3.38 Sodium  Carbon -
(20 %)—Add 660 g of sodium ca
CO;- 10H,0) w 555 ml of wat==.

$3.39 Sodium Carbonate -

Add 55 g of Na;COs- 10H:0 te- 5.

53.40 Sodium Chloride Sc*.
Add 107 g of sodium chlorid
mil of water.

5341 Sodium  Hydrox’'

(60 %)—Slowly dissolve 971 g -

droxide (NaOH) in 649 ml of w

5342 Sodium  Hydrox’.

{10 %)—Dissolve 111 g of N: ™

water.

5.3.4 Sodium Hydroxide Sc

Dissolve 10.1 g of NaOH in 9

5.3.44 Sodium Hypochloi™
tional Formulary (4106 %)*—

tion of this solution can b
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3.3.24 Hydrofluoric Acid (40 %) —Slowly
add 748 ml (866 g) of hydrofluoric acid (52
to 55 percent HF) to 293 mi of water.

5.3.25 Hydrogen Peroxide Solution (28%,
or USP 100 Volume).

5.3.26 Hydrogen Peroxide Solution (3-%,
or USP 10 Volume) — Add 98 ml (108 g) of
commercial grade (100 vol or 28 %) hydro-
gen peroxide (H;O,) to 901 ml of water.

5.3.27 Isooctane (2,2,4-Trimethyl Pen-
tane).

5.3.28 Kerosine —No. 2 fuel oil, Specifica-
rion D 396.

5.3.29 Methyl Alcohol.

5.3.30 Mineral Oil, White, USP (sp gr 0.830
10 0.860; Saybolt @ 100°F, 125 to 135 5.

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
water,

5.3.33 Nirric Acid (10 %)—Add 108 m]
(153 g) of HNO, {(sp gr 1.42) to 901 ml of
water.

5.3.34 Oleic Acid, cP.

5.3.35 Olive Oil, edibic grade.

5.3.36 Phenol Solution (5 %)—Dissolve
47 g of carbonic acid crystals, USP, in 950 ml
of water.

5.3.37 Soap Solution (1 %) —Dissolve de-
hydrated pure white soap flakes (dried 1 h at
105°C) in water.

5.338 Sodium Carbonate  Solution
{20 %)— Add 660 g of sodium carbonate (Na,-
CO,- 10H20) to 5355 ml of water.

5.3.39 Sodium Carbonate Solution (2 %}—
Add 55 g of Na,COs- 10H:0 to 964 ml of water.

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

5341 Sodium  Hydroxide  Solution
{60 %)—Slowly dissolve 971 g of sodium hy-
droxide (NaOH) in 649 ml of water.

5.342 Sodium  Hydroxide  Solution
{10 %)—Dissolve 111 g of NaOH in 988 ml of
water.

5.3.43 Sodium Hydroxide Solution (1 %) —
Dissotve 10.1 g of NaOH in 999 ml of water.

5.3.44 Sodium Hypochlorite Solution, Na-
tional Formulary (4 to 6 %)" -- The concentra-
tion of this solution can be determined as

D 543

follows: Weigh accurately in a glass-stoppered
flask aiout 3 mt of the solution and dilute it
with 50 ml of water. Add 2 g of potassium
iodide (KI) and 10 ml of acetic acid, and
titrate the liberated iodine with 0.1 N sodium
thiosulfate (Na,5,0,), adding starch solution
as the indicator. Each ml of 0.1 N Na,§,0,
solution is equivalent to 3.7222 mg of sodium
hypochlorite.

5.3.45 Sulfuric Acid (sp gr [.84)—Con-
centrated sulfuric acid (H,50,).

5.3.46 Sulfuric Acid (30 %)--Slowly add
199 ml (366 g) of H,SO, (sp gr 1.84) to 853
m! of water.

5.3.47 Sulfuric Acid (3 %)—Slowly add
16.6 m! (30.6 g) of H,S0, (sp gr 1.84) to
988 m of water.

5.3.48 Toluene.

5.3.49 Transformer Oil, complying with
the requirements of Specification D 1040,

5.3.50 Turpentine—Gum spirits or steam
distilled wood turpentine conforming to Spec-
ification D 3.

6. Prucawtions

6.1 Safety precautions should be taken to
avoid personal contact, to eliminate toxic
vapors, and to guard against explosion haz-
ards in accordance with the hazardous nature
of the particular reagents being used.

7. Test Specimens

7.1 The type and dimensions of test speci-
mens to-be used depend upon the form of the
materidl and the tests to be performed (Note
4). At least three specimens shall be used for
each material being tested and for each re-
agent involved. The specimens shall be as
follows:

7.1.1 Molding and Extrusion Materials—
Specimens shall be molded to shape or cut
from molded slabs as required below. The cut
edges of specimens shall be made smooth by
sharp cutting, machining, or by finishing with
No. 0 or finer sandpaper or emery cloth. Mold-
ing shall conform to conditions recommended
by the manufactorer of the material (Note 5).
The shape and dimensions of specimens shall

29; Available from Fisher Scientific Co., Code No. 50-5-
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depend on the test to be performed and shall
conform to the following;

7.1.1.1 Weight and Dimension Changes —
Standard specimens shall be in the form of
disks 50.80 mm (2 in.) ir diameter and 3.175
mm (0.125 in.) in thickness molded or cut
from molded slabs. The nominal surface area
of this standard disk is 45.60 cm® (7.068
in?).

7.1.1.2 Mechanical Property Changes—
Standard tensile specimens shall be used ac-
cording to the method of test prescribed 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 2
manner depending on the tests to be per-
formed and the thickness of the sheet as
follows (sce 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. thickness of the mate-
rial. The nominal surface area of the standard
bar, having a thickness of 3.175 mm (0.125
in.), is 45.16 cm? (7.0 in.?). Circular disk speci-
mens 30.80 mm (2 in.) in diameter by the thick-
ness of the material are permissible under mu-
tual agreement between the seller and the pur-
chaser. Permissible variations in thickness of
both types of specimens are 3 0.18 mm (0.007
in.) for hot molded and £ 0.30 mm (0.012 in.)
for cold molded or cast materials.

7.1.2.2 Mechanical Property 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 (sce
7.1.1.2).

Note 4 —Specimen surface area greatly affects
the weight change due to immersion in chemical
reagents. Thickness influences percentage dimen-

sion change as well as percentage change in me-
chanical propertics. In addition, molded specimens
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may not agree with specimens cut from molded or
otherwise formed sheet of a given material. Conse-
guently, companson of materials should be made
only on the basis of results obtained from specimens
of identical dimensions and like methods of speci-
men preparation.

Norg 5~ Molding conditions can affect the re-
sistance of plastics to chemical reageots. Compres-
sion moldings should be prepared in a manner that
will disperse external lubricants and result in com-
plete fusion of the particles. Injection molding
should be accomplished in a manrer that results in
a minimum of molecular orientation and thermal
stresses or 2 controlied level of both depending
epon the conditions being simulated.

Nore 6—For certain products, such as lami-
rates, in which edge effects are pronounced, larger
coupons may be exposed from whick standard
specimens can be cut after immersion for determin-
ing the effects of reagents on mechanjca!l properties.
This may be allowed in provisions of material
specifications by mutual agreement between the
sell:r and the purchaser and should be reported as
such.

8. Sampling

8.1 For Procedure I, sample in accordance
with the pertinent considerations outlined in
Method D 1898.

8.2 For Procedure II, sample in accordance
with the ASTM test methods for the specified
propertics to be determined.

9. Conditioning

9.1 Conditioning-—-Condition the test speci-
mens at 23 + 2°C (73.4 £+ 3.6°F) and 50 =
5 % relative humidity for not less than 40 b
prior to test in accordance with Procedure A of
Methods D 618 for those tests where condition-
ing is required. In cases of disagreement, the
tolerances shall be 1°C (1.8°F) and * 2%
relative humidity.

9.2 Test Conditions —Conduct tests in the
Standard Laboratory Atmosphere of 23 =
2°C (73.4 = 3.6°F) and 50 + 5 % relative
humidity, unless otherwise specified in the
1est methods or in this specification. In cases
of disagreements, the tolerances shall be 1°C
(1.8°F) and = 2 % relative humidity.

10. Procedure [. Weight and Dimension
Changes (See Note 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.). In the case of

laminates, edge swellin
under certain conditior
may be necessary to mie
at the center and at the
rcentage change sepani
10.2 Place the specime
tainers for the reagents
the specimens to be tot
reagent for 7 days in the
Atmosphere. Suspend tl
any contact with lh-e w
container. For specimel
those having a lower de
it may be necessary ta
such as nichrome wire
curhag. Several specism
may be immersed in th
vided sufficient reagent
surface arez exposed an
touch each other. For s
able and relatively in
quantity of reagent sha
mi/in.? of specimen s
mens that tend to dis
extraction of plasticize
agent shall be approxim
imen surface area. Wht
these matters, use the 1
tests at other than ro
recommended that th
50°C, 70°C, or othe
mended in Methods D
the reagent be at the ¢
before the specimens 2
10.3 Stir the reage
erate manual rotatiol
other suitable means {
10.4 After 7 days,
period of time, individ
imen from the reagen
a weighing bottle, an
sions. Wash with ru
removed from acid, i
solutions, wipe then
tissue, and immediat
reagents such as <ol
may remain adsorbe
specimen even after
diate special handli
pickup before and -
specimens removed f
ter-soluble organic fi
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reagents at elevated temperature, unjess, they
are to be tested at the elevated temperature,
they shall be placed in another container of
the reagent at the Standard Laboratory Tem-
perature for approximately 1 h to effect cool-
ing prior to testing (Note 10).

Notve 9—While tensile tests are more generally
applicable and preferred for assessing mechanical
property changes due to the effects of chemical
reagents, other mechanical properties may be more
significant in special cases. For example, flexural
properties of rigid materials, which are not appre-
ciably softened by the reagents under study, may
be extremely sensitive to surface attack such as
crazing. Consequently, in the use of this method
for establishing chemicsal resistance levels in mate-
ria} or product specifications, consideration should
be given to the choice of mechanical perties
that properly characterize the effects of exposure
to chemical reagents.

Note 10--To isolate the effects of certain chem-
ical reagents on the mechanical properties of some
plastics, it is necessary to test identical specimens
that have been immersed in water. This is especially
true of tests to determine the effects of aqueous
solutions, where these may not differ greatly from
the effects of immersion in water alone (see Refer-
ences (3) and (4) a1 the end of this method). When
tests are run with a variety of aqueous solution
reagents, the effects due 1o water alone should be
established for better comparison of results. Simitar
behavior may result when tests are run at elevated
temperatures, requiring knowledge of the effects of
temperature alone to properly assess the effects
due to the chemical reagents.

12 Report

12.1 Procedure I

12.1.1 Complere identification of the material
1ested including type, source, manufacturer’s code,
form, and previous history,

12.1.2 Method of preparing test specimens,

12.1.3 Conditoning procedure used,

12.1.4 Temperature of tests,

12.1.5 Chemical reagents,

12 1 6 Duration of immersion,

12.1.7 luitial length, width or two diameters,

and thickness of each specimen, in inches, mea-
sured 1o the nearest 0.025 mm (0.001 in) (see

1),

12.1.8 Initial weight of each specimen in grams
to =0,.0005 g.

12.1.9 Length, width, and thickeess after im-
mersion.

:%.1 .Illo Weight after immersion.

1AL A percentage increase or decrease

inlen;thmr:iﬁ:h.orinthemdhmmmdin
the thickness, calculated to the nearest 0.1%. Caleu-
lations shail be based upon the cormesponding dimen-
sions of the conditi

12.1.12 Average ntage gain or loss in
weight calculated to the nearest 0.0 %. Calcula-
tions shall be based upon the weight of the condi-
tioned specimen.

12.1.13 General appearance of specimens after
immersion.

12.2 Procedure II:

12.2.1 Items 11.1.1 through 11.1.6 as for Pro-
cedure 1, and the following:

12.2.2 Specimen type and dimensions,

12.2.3 Method of test,

12.2.4 Conditions of test,

12.2.5 Mechanical properties of identical non-
immersed and immersed specimens, and

12.2.6 Average percentage increase or decrease
in mechanical properties, taking the properties of
the conditioned nonimmersed specimens as 100 %.

13. Precision and Accuracy

13.1 Procedure I:

13 1.1 Precision —In view of the wide differ-
ences plouib!e in the reactions of specific plastics to
particular reagents, it is iml)ombl' e to pre sta-
tistically meaningful general statement of ;:er:ision
for this ptocedure. If necessary, a ision for a
specific plastic/reagent system should be preparerd
in ce with the considerations presented in
Recommended Practice E 177.

13.1.2 Accuracy—For the reasons outlined in
13.L.1, no statcment of accuracy has been prepared.

13.2 Procedure IT-

. re

13.2.1 Precision and Accuracy—No statements of
precision and are applicable 1o this proce-
dun:mewmd?pen nt upon the ASTM test meth-
ods for the specific properties 1o be determined.
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AMERICAN NATIONAL
qu” STANDARD

Standard Test Methad for

ASTM D 2240 - 75

RUBBER PROPERTY—DUROMETER HARDNESS!*

Thus Standard is tvued under the fised designation D 2240: the number immediately following the designation ndagy-

the year of original adoption or. w the case of revivion, the year of lust revesion A number in parentheses indamy- .

the year of last reapproval

Thus mathod has been gpproved for use by agencies of the Department of Defense to replace methods 53111 and '121 o . .

Federal Test Method Standard 600! and method 1034 of Federal Test Method Standard 400, and for hsting in the Dol

Index of Specifications and Standards.

L. Scope

1.1 This method covers two types of du-
rometers, A and D, and the procedure for
determining the indentation hardness of homo-
geneous materials ranging from soft vulcanized
rubbers 10 some rigid plastics. Type A is used
for measuring the softer materials, and Type
D for the harder materials (see Note 7, Sec-
tion 7). This method permits measurements
either of itial ndentations or of indentations
after specified periods of time, or both.

. 1.2 This method is not applicable to the test-
ing of coated fabrics.
2. Significance

2.1 This method is based on the penetra-
tion of a specified indentor forced into the
material under specified conditions. The in-
dentation hardness is inversely related to the
penetration and is dependent on the elastic
modulus and viscoelastic behavior of the
material. The shape of the indentor and the
force applied to it influence the results ob-
tained so that there may be no simple rela-
tionship between the results obtained with
one type of durometer and those obtained
with either another type of durometer or an-
other instrument for measuring hardness.
This method is an empirical test intended
primarily for control purposes. No simple re-
lationshap exists between indentation Fard-
nesy determined by this method and any fun-
damental property of the material tested. For
specification  purposes, it is recommended
that ASTM Method D 1415, Test for Rubber
Property—International Hardness,® be used
for soft materials and Method A of ASTM

Methods D 530, Testing Hard Rubber Prog

ucts,? or ASTM Method D 785, Test for Rock-. -

well Hardness of Plastics and Electrical a-
sulating Materials® be used for hard materals.

3. Apparatus

3.1 The durometer shall consist of the fol-
lowing components:

3.1.1 Presser Foot with a hole between 18
and 3.2 mm (0.10 and 0.13 in.) in diameter.
centered at least 6 mm (0.25 in.) from any
edge of the foot.

3.1.2 Indentor formed from hardened steed
rod between 1.15 and 1.40 mm (0.045 ond
0.055 in.) in diameter to the shape and &
mensions shown in Fig. 1 for Type A dv
rometers or Fig. 2 for Type D durometers

3.1.3 Indicating Detice on which the
amount of extension of the point of indentor
may be read in terms of graduations ranging
from zero for full extension of 2.46 to 234
mm (0.097 1o 0.100 in.) Note 1) to 100 fer
zero extemion obtained by placing preswr
foot and indentor in firm contact with a fa
picce of glass.

Nure 1 —Type A Shore Durometers serial pum-
bers 1 through 16,300 and 16,351 through 1650
and Type A-2 Shore Durometers numbers !

through 8077 do not meet the requirement of 2.4
10 2.54 mm (0.097 to 0.100 n.) extension of 12

" This method 15 under the junsdicon of ASTM Coe-
mitiee D-11 on Rubber and 1 the direst responsibaiy 2
Subcommutice D1¥ 10 on Physical Teuts

Current ediion approved March 29, 1975 Pubhsbal
April 1975 Onginally published 2y D2240-64T. Lzt
previous edition D 2240 - 68,

S Annual Book of ASTM Standards, Part 37.

3 Annual Book of ASTM Siwandards, Pant 0.
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Force, N = 0350 -005 M,

»=:-¢ H1 s the bardness reading
A rorometer, and
Force, N = 0.1 H,

«r:o¢ Hion the hardness reading
1 durometer,

4. Test Specimen

41 The test specimen shall be
- i 25 ) in thickness unless i
-+ dentical results are obtaine
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tor ot zero reading These durometers will
e teadimgs which are low by amounts rangwn
-um 3 units at 30 hardness to [ unit at 99 hard-

114 Calibrated Spring for applying force
.o the indentor in accordance with one of
e following equations:

Force, N = 0 %50 + 0075 M, )

where My is the hardness reading on a Type
A durometer, and
Force. N =« Q.44 Hyp @

where Hop is the hardness reading on a Type
D durometer.

4, Test Specimen

4.1 The test specimen shall be at least 6
mm (0.25 in.) in thickness vnless it is known
that identical results are obtained with a
thinaer specimen (Note 2). A specimen may
b composed of thianer picces to cbtain
the necessary thickness, but determinations
made on such specimens may not agree with
thove made on one-picce specimens because
the surfaces between plies may not be in
complete contact. The lateral dimensions of
the specimen shall be sufficient to permit
measurements at least 12 mm {0.5 in.) from
v edge unless it is known that identical
ults are obtained when measurements are
made at a lesser distance from an edge (Note
3, The surface of the specimen shall be flat
vier sufficient area to permit the presser foot
to contact the specimen over an area having
a radws of at feast 6 mm (0.25 in.) from the
indentor point. A suitable hardness determi-
nation cannol be made on a rounded, un-
oen. of rough surface.

Nott 2—The minimum requiremem for the
tichness of the specimen 1s dependent on the
eMent of penciration of the indentor into the spec-
men. that 1y, thinne” specimens may be used for
materials having hardness values at the upper end
of the scale. The mimmum distance from edge at
which measurements may be made hkewise de-
wedwes ws the hardness increases For materials
haing hardness val.es above 50 Type D durom-
cier. the thickness of the specimen should be at
kst 3 mm (012 ) and measurements should
* :31 be made closer than 6 mm (0.25 in ) to any

e

5. Calibration

5.1 The spring can be calibrated by sup-
porting the durometer in a vertical position
and resting the point of the indentor on 2

D 2240

small spacer at the center of onc pan of a
chemical balance as shown in Fig. 3 in order
to prevent interference between presser foot
and pan (Note 3). The spacer shall have a
small cyfindrical stem approximately 2.5 mm
(0.1 in.} in height and 1.25 mm (0.05 in.) in
diameter, and shalt be slightly cupped on top
te accommodate the indentor point. Balance
the mass of the spacer by a tare on the op-
posite pan of the balance. Add weights to
the opposite pan to balance the force on the
indentor at various scale readings. The meas-
ured force shall equal the farce calculaied by
either Eq | within & 0.08 N or Eq 2 within
+044N,

NOTE 3—Instruments specifically designed for
calibration of durometers may be used, Zwick &
Co., Control Equipment 7501, can be used for
calibration as 1t is capable of measuring or ap-

lying a force on the point of the indentor within
004 N for a Type A durometer and within 0.02 N
for a Type D durometer. Zwick Control Equipment
7501 with serial numbers higher than WA-20301

are satisfactory for this work. Instruments with
lower serial numbers must be modified.*

6. Conditioning

6.0 Tests shall be made at 23 + 2 C
{7134 & 3.6 F) if the temperature of test is
not specified. When tests are made at other
temperatures, it is recommended that they
be made at ane or more of the standard tem-
peratures given in ASTM Recommended
Practice D 1349, for Rubber—Standard Tem-
peratures and Atmospheres for Testing 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 test for at least
1 h before test for materials whose hardness
is not dependent on the relative humidity
(Note 4). For materials whose hardness is
dependent on the refative humidity, the spec-
imens shail be conditioned in accordance
with Procedure A of Methods D 618 and
tested at the same conditions. .

NoTte 4-—-When a duromeler is moved from a
chamber below room temperature to a higher

temperature, the durometer shall be placed in
suitable deviccator or airtight container immediately

'The standardizapon of one tape of imstrument is
dewribed by Lewts Lurrick. ~The Stendardrzaton of
Durometers.” Rubber Cherusiry and Techmolog),
RCTEA. Vol 13, 1940, p 969




p e N W\

AL . AN, Al 4.

upon remosal and allowed to remain there until
the temperature of the durometer is above the dew
point of the air in the new ¢avironment.

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 Jeast 12 mm (0.5 in.) from any edge of
the specimen, unless it is known that identi-
cal results are obtained when measurements
arc made with the indentor at a lesser dis-
tance. Apply the presser foot to the specimen
as rapidly as possible without shock, keeping
the foot parallel to the surface of the speci-
men. Apply just sufficient pressure to obtain
firm contact between presser foot and speci-
men.

Note S5—Better reproducibility may be ob-
tained by using either 2 durometer stand or a
weight ceniered on the avis of the indentor or both
10 apply the presser fool o the specimen. Recom-

me weights are | hg for the Type A durome-
ter and 5 kg for the Type D durometer.

7.2 Unless otherwise specified. read the
scale within | s after the presser foot is in
firm contact with the specimen, unless the
durometer has a2 maximum indicator, in
which ca-e the maximum reading is taken. If
a reading after a time interval is specified,
hold the presser foot in contact with the spec-
imen without change in position or pressure
and read the scale after the period specified.

Nore 6 —Durometers having only & maximum
indicator cannot be used to obtain hardness values

D 2240

at varous ume intervals, nor i testing vinyl ply,.
lics which require the reading 1o be wken at )5

7.3 Muke five measurements of hardneg
at different positions on the specimen at jeag;
6 mm (0.25 jn.) apart and determine e
median value or the arithmetic mean.

Notk 7 -1t iy recommended that measuremeny,
be made with the Type D durometer when valyey
above 90 are obtained with the Type A duromeier
and that measurements be made with the Type

A durometer when values less than 20 are g
tamned with the Type D durometer.

8. Report

8.1 The report shall include the following:

8.1.1 Complete identification of materis]
tested,

8.1.2 Description of specimen, including
thickness and number of picces plied,

8.1.3 Temperature of test if other than 23
C. and relative humidity when hardness of
material iy dependent on humidity,

8.1.4 Type and manufacture of durome-
ter, .

8.1.5 Indentation hardness time interval a1
which reading was taken, and data desig-
nating basis, median or mean value (Note 8).

8.1.6 Date of test.

Note 8—Readings may be reported in the
form- A/45/15 where A s the Type of durometer,
45 the reading, and 15 the time in seconds that
the pressure oot 1 in firm comact with the speci-
men Similarly, D/60/1 indicates a reading of 60
on the Type D durometer obtained either within
[ s or from a maximum indicator.

£
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FIG. 1 Indewior for Type A Durometer.
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FIG. 2 Indentor for Type 1) Durometer.
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FIG. 3 Apparains for Calibration of Durometer Spring.
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qsn’ Designation: D 2684 - 73 (Reapproved 1979) -

Standard Recommended Practice for L
DETERMINING PERMEABILITY OF
THERMOPLASTIC CONTAINERS'

This Standard 15 issed under the fixed deugnation D 2684, the sumber immedhately following the designation ndicoie wy
year of onginal sdaption or, i the case of revision. the year of st resiuon A number 10 parentheses indicates the voways:

last reapproval

1. Scope

1.1 This recommended practice covers pro-
cedures for determining the permeability of
thermoplastic contaners to packaged reagents
or proprictary products under specified con-
ditions of exposure. The exposures used are
intended to simulate the normal and elevated
temperature-storage conditions that might be
encountered in end-use application.

1.2 The recommended pracuce is applicable
only to those types of containers designed

to allow positive, leakproof closure.
. 1.3 Two procedures are provided:

V3.0 Procedure A is specific to testing
only with 2 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 Procedure B applies to tests of all
other container designs. Permeability data by
this procedure are expreswed only in terms of
rate of weight loss (or gain) for the particular
contginer tested,

NoTf 1—The values stated in SI units are to be
regarded as the standard

2. Summary

2.1 Test botties are filied with the test
product and, after scaling, are exposed at 23
C (73.4 F) and 50 C (122 F) coaditions for 28
days or longer. Measurements of weight are
made 2t intervals to detcrmine the average
rate of weight change.

3. Significance

3.1 With the proper precautions and back-
ground experience, sesulls can be useful for
estimation of the loss of a packaged product

through the walls of a container during sheif
storage, The test is also useful for isolatmy
the effects of a container design and mates...
als, and is applicable for development ang
research and for specification purposes,

3.2 In the absence of adequate supporung -
data, extrapolations or correlations of resulty
to conditions bevond those of the test are noy
recommended because of possible produm
alteration, solvency, or chemical effects on the
plastic, etc.

4. Definition

4.1 permeabilit factor, P:-the permea.
bility of a given plastic 10 a given product a1
temperature , in degrees Celsins, expressed
in units of g.cm/day . m’, as determined by
Procedure A The permeability factor under
23 C test conditions, for example, is signified
by the notation P_-';.

4.1.1 Determination of P is based on an
averaged wall thicknevs over the entire area
of the container and an assumption that per-
meation rate i~ inversely proportional to the
thickness. Precaution in the evtent of allow-
able variations of these faclors is recom-
mended, and use of P, should take into con-
sideration that wall thickness of the containers
varies, that the estimate of average thick-
ness from density, area, and weight is not
exact, and that permeability of the product
through the plastic material may not be di-
rectly proportional 10 the thickness.

! Thes recommended pracuce 1 under the jurisdwtion of
ASTM Commuttee D-26) on Plastics and 1s the direet respon-
sthility of Subtommittee D20 12 on Olefin Plostus

Curremt edition approved Jan 29, 1973 Puhlnhed
March 1973 Orynnally publshed as D 2683 - 68 T Last
previvus edition D 3684 A T
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53 Bglance, accurate to 0.0 percen
<. weight of test container and comt

4 Container Seals, suitable heat-sc
{smnate* and polyethyle or other sul
smed screw-type closures for sealing the
ingr

35 Heat Sealer®

it Torgue Wrench®

¢ Reagents and Marerialy

n| The reagent or proprietary Pr
i specified for testing.

. Test Specimens

71 The test specimen for Proced.
Sl be the 4-07 cylindncal bottle dey
<eufied in Fig. 1, having a non'}mal 3
«rface area of 154 cm® (23807}

7 2 The test specimen for Procedure
he amv thermoplastic container. as °F
o elected for test evaluauon, provide
designed to allow positive closure.

73 For each procedure, a mamim
three specimens shall be tested at cac

crature. Three additional specime!
required for Procedure A fur determind
the plastic density.
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<1 Enchasre of room with provision for
- gpataung the Standard Labopatery At-
~gphere of 23 = 2 C (734 x 3.6 F) and
. 5 pereen? relative humdity, as defined
.. ASTM Methods D 618, Conditioning
2 nes and Electrical Insulating Matenal
- Testing * -
2} Cireylaung-Air Oven, consistent with
.~ an accordance with Speofication E 145,
~ Gravuiv-Comvection and Forced-Ventila-
wan Orvens.’ capable of maintaining 4 tem.
~rature of 30 £ 1 C (122 £ 1.8 F) and an
ardflow rate of 8.5 0 170 m'fmin (300 w0
-l [t'/min). and with provisions for determi-
.men of the relative humidits The Limita-
qar of 23 ft' on oven size can be overlooked,
=soyided afl other reguitements are met

Nort 2—=0aly esplosienproofl equipment with
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e ueld lur tests with potentally  hazardous o
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Nort P—Refatnve humihty vanation can wig-
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s especialiy waler-based products o various
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: 33 Balunce. accurate to 001 percent of
v oweight of test container and conlents
54 Container Scals, suitable . heat-sealing

Posaste end polsethyle or other suitably
b ~ab swerew-ype closures for sealing the con-
A

T 13 Heat Sealer.

. o Torgue Wrench®

i

Y & Reagents and Materiafly

)

H t1 The reagen: or proprietars product
Do srevilied for tesuing.

! Test Specimens

§ "1 The test specimen for Procedure A
§ vl be the .0z cxhindrical bottle design as
. creatied in Fig 1. having & nominal external
i ~.iiie ared of 134 cm” (23.8 )

"2 The test spectmen for Provedure B may
oamy thermoplastic contaner, as specified
*selectea for test evaluation, prosided it s
siedncd g allow positive closure.
. "} Far euch procedure, a mimimum of
er specimens shall be tested at each tem-
*ure  Three additional specimens are
retved fur Provedure A fur determination of
s < plastic densiy.

v
-
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Nows 3<Torm and fimsh the contamers, st
neaded. Lo ensure 4 smowth contactuing surface for
povne seal

8. Conditioning

8.0 Conditioning---Condition the test speci-
mens at 23 £ 2C (734 3 36 Fland 50 =
5 percent relative humidity for not less than
40 h pror tv test in accordance with Pro-
cedure A of Methods D 618, for those tesis
where conditioning is required. In cases of
disagreement, the tolerances shall be 21 C
(4=1.8 F) and -2 percent relative humidity.

82 Tear Condihons—Conduct lests in the
Standard Laboratory Atmosphere of 23 +
2C (734 x 3.6 F) and 50 & 5 percent rela-
tive humidity, unless otherwise specified n
the test methods or in this specification. ln
cases of disugreements; the tolerances shall
be 41 C (1.8 F) and 22 percent relative
humidiiy.

9, Procedure A {Standard Container)

9t With specimens taken from the side-
walls of three of the comatners, determune the
average plastic density by ASTM Method
D 1505, Teat for Density of Plastics by the
Density-Gradient Technique.” or by an al-
terpative method of equivalent accuracy.

9.2 For each test tcmperature, select a
minimum of three containers. Weigh each
when empty, without the closure Also weigh
the empiy containers with their corresponding
closures and appropriately sized laminate
pieces

9.3 Fill the cuntainers 1o nomnal capacity
with the test product.

9.4 Make 2 thorough chech for any drip-
page or spill of product on the outside surface
of the cuntainers. If any is notwed. replace the
contuner with & new specimen

9 5 Heat scal the containers with the tami-
nate {plastic to plastic), check for leaks. and
then cap the contuiners with screw-type clo-

1 Auynual Buok of ANT M Standards, Part 33

! Annuad Buak of ANT M Siandards Past 41

‘One sech lamimate ~mitable for polyethylene con-
taners  MIL-B-1310C Clasy 2. a2 pobsetinlene-aluminum
foil-paper faminat. avallable from the Roberson Co.,
LETHEN L

YSealector Hand Seahng lron (165 W) made by
Sealector Sheltun  Conn, of Super Sealer made b
Cleseland Lathe and Machmers Co. Clevelind. Ghio.
dre sutabls

“Midel 25 Owens-llhinois Turgue  Tester, Owens-
Hunms Toledir (M i surtable
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sures. using sufficient torque to provide posi-
tive scal. Avoid distorting the container when
capping.

NoTE 5—One method of testing for a poor seal
is to immerse an upright test container in a beaker
filled to the base of the cap with a liquid that will
not attack the plastic. When a vacuum of 15 in.
Hg is aprliet_i to the entire system, a poorly sealed
bottte will give off bubbles from the sealed area.

NoTe 6—Any deformation of the container dur-
ing sealing may result in a volume change which
will affect the final test pressure. An application
torque of 1.7 N.m (15 Ibf-in.) has been found suffi-
cient for the standard container in Fig, |,

9.6 Weigh the sealed containers.

9.7 Unless otherwise specified, expose ane
set of contziners in the Standard Laboratory
Atmosphere, 23 &+ 2 C (734 + 3.6 F) and
50 » 5 percent relative humidity, and an-
other set in a circulating-air oven controlled
at 50 + 1 C (122 + 1.8 F). Place the con-
tainers upright on an inert metal screen or
perforated sheet support to allow air circula-
tion. Place a tray beneath the container sup-
port to collect leakage' of product, il failure
occurs. Provide enough spacing between the
containers so they do not touch each other.
Also. take precautions as necessary to pre-
vent any possible cross-contamination in the
test chamber from other agents.

NoTE 7—For certain relatively unstable or spoil-
able products, the use of elevated temperature
exposures may not be applicable.

9.8 Weigh the containcrs after 1 day, 7
days, 14 days, 21 days, and 28 days. In cer-
tain cases, a steady rate of weight change
may be reached in either a shorter or longer
period. Other intervals can then be used.
They should be regular and reported,

9.8.] If the weight change appears ab-
normal for any of the containers during ex-
posure, inspect the containers to ensure that
a positive scal exists. If a leak is detected,
retest with a new specimen.

9.8.2 Cool in the Standard Laboratory At-
mosphere until consistent weighings are ob-
tained. Resume oven exposure within 6 h
from removal time.

9.8.3 In elevated-temperature tests, rotate
the locations of the specimens in the oven
when re-exposing after each intervat to mini-
mize possible bias duc to variations of air
flow and temperature within the oven.

9.9 Calculations:

D 2684

9.9.1 Calculate the percentage weight oy
or gain after a given exposure time as fy.
lows:

Weight loss (at time x), percent

Weight gain (at time x), percent

= {G. ~ G.)/N.] X 100

where:

G. = gross weight of unexposed bottle, cly.
sure, and contents, g,

G. = gross weight of exposed bottle, closure
and contents, g, and

N, = net weight of unexposed test produc
in the bottle, g.

9.9.2 Rate of Average Weight Change—
Plot the weight changes, G. — G, for losses
or G. — G. for gains, versus time in days on
rectilinear graph paper. Draw the best
straight line through the points, climinating
those points of initial and eventual defleo.
tion from equilibrium rate conditions; and
from the slope of the line determine the rate
of average weight change. R, in grams per
day. Note whether it is loss or gain. (See Fig.
2 for example plot.)

Weight change per day, percent = (R/N.) X 100

9.9.3 Permeability Facior (see 4.1 Cal
culate the permeability factors as follows:

Pr bl RT!A

For P in metric units, g - cm/day - m*,

R = rate of average weight change, g/day,
from 9.9.2, and

T = average bottle wall thickness, cm, cal-
culated from bottle weight, area in
em’, and density of the bottle material,
for example:
weight of bottle (g)

density (g/em’) X area (cm’)

A = bottle surface area, m*.

NoTe 8—For Procedure A. where the standard
4-0z Boston Round Bottle is used (23.8-in.’ ares),
the following equations can be used:

To calculate P, in metric units:

T =

P, = RT/A = R (g/day) X weight of bottle (g)
density (g/cm’) X 2.358

10. Procedure B (Nonstandard Contaisers)

10.1 Follow the procedure of test given in
9.2 through 9.8,
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P saws

ok e ab apmey ;s

i the ¢©

9—If not feasible 1o heat seal c

;;:Tdtue 10 design, eic., any other ‘r’u‘:anmr :

udmg an equivalent, nonErmea : p
‘Lrure would be an acceptable sltcrnative.

10.2 Calculations: .
10.2.1 Calculate the percentage mhl
o gain after a given exposurc time as

ed in 9.9.1. \
wio.z.z Calculate the rate of average we

change as shown in 99.2.

11. Report ) :
11.1 The report shail include the fo:

msl.l.l.l Complete bol.tle‘ and test pre
identification and description,
'delnlfl.z Complete closure identification
description, .

11.1.3 Exposure conditions,

11.1.4 Calculated permeation data,

11.1.5 Any occurrences of container

age, failure, etc.,
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ot 01T oot feasible to heat seal the con-
.o due 0 dewign, exe . any other means for pro-
P eyunalent, nonpermeable, Jeakproof
ez wouhd be an acceptable alternaine

12 Calculations:

121 Calculate the percentage weight foss
. qun 2fier 2 given exposure time as de-
L Am99l

2.2 Calculate the rate of average weight
--ge 35 shown in 9.9.2.

it. Repott

111 The report shall include the follow-
1111 Complete bottle and test product
cemnfication and description,

11 1 2 Complete closure identification and
sshphion,

1.1 3 Exposure conditions,

$1 14 Calculated permeation dala,

{115 Any occurrences of container leak-
126, fuilure, etc.,

11.1.6 Date of test,
$1.1.7 Duration of test, and
11.1.8 Regular weighing intervals.

12. Precision

* 121 Round-robin testing’ among six lab-
oratories by Pracedure A was performed with
containers of Type I polyethylene in accord-
ance with ASTM Specification D 1248, for
Polycthylene Plastics Molding and Extru-
sion Materials,” and a variety of hquid rea-
gents. P, values ranged from 0.02 1o about
200 mg-cm/day m’. Over this wide range,
the standard deviations of the results be-
tween laboratories increased with increased
valyes of P.. For 18 levels of P, the in-
terlaboratory coefficients of viariation re-
mained relatively constant with the over-all
average being 14 percent,

ISypparyng dala have been filed al ASTM Head-
quarters 1y RR 50 D-X0
s Annug! Book of ASTM Standards, Parts 34 and 36
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A ARy R 1

(A} AT 22 DAYS = 2.28 GM
{8} 2 DAYS =0.28 GM

20 DAYS = 2,00 GM
200

s . A

AVG RATE = 5= =010 GM/DAY
4.0 ==
. I B
[
30
3 (A}
E 1 ——
v
z ‘ ]
; )
2. »
3z ~
=
e
¥
1.0
8) A
1 - :
D' !
° i
1 ] 10 20 3
: EXPOSURE TIME, (DAYS}
? . FIG.2 Example Ploi—Detormination of Slope for Rate of Weight Changs.
; APPENDIX
' Al. Mixep U.S. CusTOMARY-METRIC UNITS AND CONVERSION FACTORS
: ALl For P. in mixed U.S. customary-metric example, il bottle surface area is 23.8 in’,
i uniu.;-milf’day- 100 in.". A = 0.238,
1 R = ;a;e’o average weight change, g/day, from Note Al—The mix“‘d U‘?‘ ‘"“":,‘""mh?
: = avera ; ; . umits are not recommended for general vse. but
T I':fgsfmbmmﬂ:“;“l:i:f:":’;" ?nlhi'n §ulcth  are included to establish a relationship with work
K density. for example: " that has been previously accomplished in this ares.
. L Al.2 To convert P: values between systems use
) - - __weight of bouls (2} X 1000 (milsfin,) the following g:;:l:lio“;: ves i
3 density (g/em’) X 16.39 (cm'fin.”) P: {metric units) = 0.0394 P, {mixed U.S. cus

X area (in.") tomary-metric units)
" P, (mixed U.S. customary-metric units) = 254
A = hottle surface area in units of 100 in."; for P: (metric vnits)

The American Society for Testing and Materigls tnkes #o postion the validity paseny assarmd
in conrecuon :;k any il'e':'mndmdilﬁlm. :Ioms nmemapm!;% Mmdnml
plhvnhﬂqafuymhpmmn.nlhrbkofuﬂugmofmd:m.bathbﬁdrmm,

This standurd 15 subject (o revision as any time by the respomsible technical committee and must be reviewsd every fiv
years and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this siandard or
Jor addiiional standards and should be cddressed 0 ASTM Headquariers. Your comments will receive careful consideration
&t a meeting of ihe responsible rechnical commusae, which you may attend. If you feel thai your comment have not received
a fair hearing \ou should make your views known 1o the ASTM Comminee on Standards, 1916 Race Si., Philadelphia, Pa.
19103, which will schednle g further hearng ragarding yosur comments Faling sesisfoction there, you may sppedl 1o the
ASTM Bourd of Direciors.
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Standard Test Method for
RUBBER PROPERTY—

 In
LY |

. Supe

1 This method covers the measurement of
se.seofvapor transmission of volatile liquids
sw:2h a rubber sheet, disk, or diaphragm.

* spplicable Document

>i 1STM S.andard:
1) 3767 Practice for Rubber—Measurement
I Dunensions®

i “gnificance .

! The rate of transmission of a liquid
<es2h 2 rubber sheet, that acts as a barrier, is
s pertant in rubber diaphragm performance
«. < vther similar industrial applications. This
LT =wmssion is referred to as vapor transmis-
- = ince the liquid diffuses through the rubber
ot : 2 molecular sense and escapes into free
< ~~phere in vapor form.

32 The test is apphicable only to the mate-
1~ in sheet form of moderate thichness and is
"~~upally useful for comparing the relative
*-por transmission of different liquids in the
~7¢ rubber or of the same liquid through
-erent rubbers. Comparisons should not be
< xde in which both different rubbers and dif-
«¢nt hquids are used.

A

e -

s 4 Apparatus

fia 41 The test apparatus shall consist essen-

::‘ *a'lv of glass vapor transmussion jars (4.2) for

d :uh juid, on which the test specimens are

Pa T.urted, and a suitable rack for supporting

i “¢Jdn 1n an inverted position in such a way
+ 1o dllow free circulation of air over the

An Amuerican Natianat Standard

VAPOR TRANSMISSION OF VOLATILE LIQUIDS'

¢ 1 dunt s ssued under the fixed designation D 814, the number immediately foliowing the dewgnation indwates the
- .53l adogtion or, 10 the case of revision, the year of last revision A number wn parentheses indrates the year of last

susface of the specimen. The apparatus shall be
kept in a constant temperature cabinet or room
at 23 + 2°C (734 + 3.6°F).

4.2 Vapor Transmission Jar—A glass jar of
approximately 236-cm’ (¥:-pt) capacity with an
opening of 60.3 + 0.4 mm (2.375 & 0.015 in.)
in inside diameter and a2 wall 3.2 mm (0.125
in.) in thickness at the opening, which shall be
ground flat without rounded edges to a smooth
ground-glass finish at the contact surface. The
opening shall be equipped with a metal screw
ring clamp holding a smooth-edged, flat, sheet-
metal ring 55.6 £ 0.4 mm (2.188 £ 0.015 in.) in
inside diameter and approximately 68.3 mm
(2.69 in ) in outside diameter. The ring clamp
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 exposed to the air while
permitting the screw clamp to be tightened to
form a leak-proof seal without subjecting the
specimen to torsional strain. When testing ex-
tensible materials, a circular disk of 16- to 20-
mesh screen shall be placed inside the screw
nng clamp between it and the flat metal ring to
prevent stretching of the specimen during the
test. The screen disk may be soldered in place
on top of the sheet metal ring if desired.

1 This method 15 under the junsdiction of ASTM Com-
mittee D-11 on Rubber and 1s the direct responsibility of
Subcommuttee D11.10 on Physical Testing

Curzent edition approved Jan. B, 1981, Published Apnl
1981 Onginally ;uhhshed as D8I4 -44 T Last previous
edition D K14 - 55 (1976) *

! Annual Book of ASTM Standurds, Part 37,
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NOTE |-—A suiuble vapor lransmussion jar may
be prepared from a ‘2-pt Mason jar equipped with a
Kerr-type screw cap, provided the edge of the jar 1s
properly ground and fimshed with fine emery and
the cap is cut with smooth, fiattened edges to form
the cequired cucular opening.

4.3 Dial Micrometer—The dial micrometer
shall conform 1o the requirements of Method
A of Practice D 3767.

4.4 Balance—The balance shall be of suita-
ble capacity capable of weighing to 0.005 g.

5. Test Specimens

5.1 The test specimens shall consist of cir-
cular disks 68 mm (2.69 in.) in diameter, cut
with a sharp-edged die from a sheet of the
matetial being tested. The thickness of the
sheet, which shall not exceed 3.2 mm (0.125)
in.), shall be measured using the dial microm-
eter described in 4.3.

5.2 For evaluating the vapor transmission of
a particular liguid with respect to a given rub-
ber, three specimens having the same nominal
thickness within a tolerance of +3 % shall be
tested. The vapor transmission of the liquid
shall be taken as the average of the values
obtained from the two rubber specimens giving
the lowest results, providing these check within
220 % of the average so determined.

6. Procedure

6.1 With the vapor transmission jar in an
upright position, place 200 em® of the test liquid
in it, after which fit the test specimen over the
mouth of the jar, place the ring and wire screen
in position, apd screw down the screw ring
clamp lightly. Hold the assembly in the con-
stant temperature cabinet or room at 23 & 2°C
(73.4 £ 3.6°F) with the test disk hightly in place
until temperature equilibrium is obtained,
Then screw down the ring tightly and allow the
assembly to stznd 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 test liquid. Place suitable
weighting material such as lead shot in the tare

jar to bring its mass o approximately that of
the assembled jar and contents. Condition the
tare jar at the test temperature, seal i, and
handle throughout the test in a2 manner similar

D814

to that used for the test jar. Place the tew
a balance of suitable capacity capable of we
ing to 0.005 g. and counterbalance i 5
the tare jar. adding weights as requing:
equilibrium. Take the original mass of ihey
assembly as that of the tare corrected fir

added weights and record to the nearest oy

and record to the nearest 0.005 g. :
6.2 After weighinp, invert each test jargy

sembly and place on the rack, supporting = i§

in such a way that the entire inner surizceyg
the specimen remains in contact with the ling

throughout the test. If the rack is located my §

conditioning czbinet, take care to remove, &
fused vapors from the chamber and to assm
free circulation of fresh air by means of 1 fy
or other suitable device. Twenty-four hovg
after inventing the jar, again weigh it agim

the tare jar. Any excessive loss of mass indicam §

that leakage due to improper seal is ocqurring
Remove such test assemblies and replace the
by new assemblies properly prepared. Rewun
the test assembly to the rack and rewes
against the tare after periods of 120 £ 2 h and
192 & 2 h from the initial inversion. Conside
the difference in mass between those obtainel
at 120 h (5 days) and at 192 b (8 days) dividd
by 3 as the average mass of liquid lost per 4k

Nore 2—Ia this test, the specimens are allowed
to remein in contact with the liqud for § days befo

starting measurement of the loss in order to pensa-

the raie of diffusion of the hquid 10 become uniforn

7. Calculation

7.1 Express the vapor transmission rae
(VTR) of each test liquid with respect to t
rubber employed and calculate as follows:

Vapor vansmission rate (VIR), mg/s-m® = 405
X average mass in grams of liyuid lost per 243

8. Reporg

8.1 The repont shail include the following

8.1.1 Identification of the test rubber,

8.1.2 Thickness of the test rubber to the
nearest 0,025 mm (0,001 in.),

8.1.3 Idenufication of the test liquid, and

8 1.4 Vapor ransmission rate (VTR) of the
liquid. expressed in miltigrams per second pef
square metre of wetted area,
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Standard Methods of Testing

COATED FABRICS!

This Standard w twved under the fized demgnation D 781, the sumber immediately {allowing the desgnation ndicates the—
year of vrgmal adoptron or. m the case of revision the year of List revision, 3 aumber 10 parentheses indicates the searof -

lust reapprosal,
Specificarnons and Sn

1. Scope

1.1 These methods describe procedures for
the testing of coated fubrics.

CONDITION

1. Standard Condition

2.1 Test Condinon-—Coated fabrics shall be
tested in stundard condition, unfess otherwise
specified. .

2.2 Standard Condition—Standard condi-
tion of coated fabrics shall be thut reached by
the fabnic when in moistore equilibrium with a
standard atmosphere having a relative humid-
ity of 65 percent at 21 C {70 F). A tolerance of
2 percent is permutted in relative humidity
and 1.1 C {£2 F) in temperature,

2.3 Moisture Equilibrium—It shall be con-
sidered that mowsture equilibrium 1s reached
when, after free exposure to air in motion,
there is 0O progressive increase in weight.
Moisture equilibrium shall be approuched
from the dry side {not mosture-free). Certain
coatmgs may greatly retard moisture penetra-
uon into the fabric and, thercfore. Fabrics
coated on both sides may require 24 h or more
to reach equilibrium,

3. Time Lapse Between Vulcanization and
Testing

31 For uf} 151 purposes. the minimum ume
between vuicanization and 1esting should be 16
h.

3.2 For non-product tests, the maximum
Ume between vulcanizution and testing should
be 4 weeks and for evafuations miended to be
camparable, the tests, as far as possible, should
be carricd out after the same tine intecval.

e TR oSN AN S e S KT

These methods have been xpmml Jor wse by agencies of the Department of Defense and for listing i the Dol Index of-

3.3 For product tests, wherever pom:bie. the -

time beiween vulcanization and testing shouid:.

not excced 3 months, In other cases, tess:
should be made within 2 months of the date of
receipt by the customer. ’

NOTE 1—Section 3 is not applicable Tor coated
fabrics not requiring sulcanization

DIMENSIONS AND WEIGHT

4, Length

4.1 General Method—Lay the coated fabne
out smooth, withoul tension, on 3 horizontal
surfuce and measure the length parallel to the
selvage; ar. measurs successive portions, esch
at least 4.57 m (5 vd) in length, under the same
conditions.

42 Drum Method—Run the coated fabric
over 2 measuring drum with just enough
uniform tension to keep it running flat and
true Determing the length from the dial or
counter on the drum and 1ty cahbration,

5. Width

5.1 Measure the width with the couted fab-
ric land out smooth on a honzomal surface but
without tension i enther direction Report the
average of at least M e different measurements
uniformly distributed along the full jength of 2
roll ur piece s the average width of the roll or
picce.

———————— = s

"These methods are under the junsdichon of ASTM
Commitiee D-1¢ on Rubber and are the direct responsibility
t_;_f Subomouttee DI 3™ on Couted Fabres and Rubber

hread

Currem edition approned Oct 26, 1979 Published Decem-
ber 1979 Onginally published as 13 751 - 43 T Lasy previous
edmon D 75(- 73
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Gage—The gage ux
f thickness shall b

s read directly 100025 me
o meaunef T0OL shall be cirvr ” )
S of 9.52 = 0.03 mm Q7

1n: preseer foot and moving |
. 4 therewith shall be ne\gh_in-
el force of 1.7 = 0. N 16
. dlent 10 d pressure of23.5 = 0.‘
, +o e apecimen. The presser !‘og
+i1.es “hall be plane w mthm-
T ew1) ) and parattet to each o
w910 The gage shall be calib.
oal load ererted bY the pre»f
e s of any device s0 arranged ¢= ¢
" gl verucal force eyerted b}_’ :
st ut the several guge rea-dmgs [ r
. A welected for catibration. Tho 7
- :u he brought 1o each calibrution
. mgher one. 4 the
241 is suggest H EH
* \;::::m-ph-.‘;c: bysssuppomng the‘ prev
sl strap stspended from 2 V.o
v secanged that it mad be f.u-..1 _
_rodudlly and leveled Jt and reyguared
83 Procedure—Place the co
spon the anvil of the gage smoot! s
ciaen, Lower the presser t'u--‘-‘-_
«aterial gradually (without Impucs
net upon it for 10 . and t!m:..
-cading of the dial Make sim
ments at not Jess than five dlﬁt
watformly distributed over the ==
eoared fabric exclusi e of the are
either welvage and within one tenin
the fabhic oy withia 2.3 m (1 lni?
ol a roll or piece. Report the aver.
of more measurements as the a°

nesy

7. Mass

7.1 Method Applicable to @
Rolf-—W gigh the full piece. E‘I._ll
cakibrated scale accurate 100.23 ¢
ure the length and width of the
and calculate the mass, report
per sjuare metre {ounces per v’
the nearest 2.8 g (0.1 02 .

7.3 Method Applicable 10 -
specimen having an 4rea of atle
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Fri Aness Gage—The gage used for the
. -o-teni of thickness shall be of the
.._¢ht type equipped with a dial grad-
"L read directly to 0.025 mm (0.001 in).
'_ «ewer foot shall be circular with a
-:.-of 9.52 = 003 mm (0.375 + 0.001
1-¢ presser foot and moving parts con-

. .- therewith shall be weighted so as to

s total force of 1.7 £ 0.1 N (6 = 0.1 0z)

:ent 1o & pressure of 23.5 + 0.5 kPa (3.4

«. o 'he specimen. The presser foot and anvil
. ..o shall be plane to within 0.0025 mm
v} 4n ) and parallel to each other to within
+; m The gage shall be cahibrated for the

. ! load exerted by the presser foat by
-z~ af any device so arranged as to measure
=z - nal rertical force exerted by the presser

«t the several gage readings or presser foot
v+, v zlected for calibration. The presser foot
- .! ¢ brought to cach calibration level from

« sher one.

N e 2t is suggested that the calibration may
« ...omplished by supporting the presser foot on a

.eriaf stoap suspended from a2 weighing device
. ranged that it may be raised or lowered
. toalivand leveled at any required position.

» 2 Procedure—Place the coated Fabric
-2 the anvil of the gage smooth, but without
siuon  Lower the presser foot upon the
~.‘ertal gradually (without impact), allow it to
=i upon it for 10 s, and then observe the
~uhing of the dial. Make similar measure-
~:s 4t not less than five different places
~wmly distributed over the surface of the
=ited fabric exclusive of the areu adjacent to
~or wlvage and within one tenth the width of
*. tshric or within 2.5 m (100 in.) of either end
~all or piece. Report the average of the five

more measurements as the average thick-

-~

" Masy
"t Method Applicable to a Piece, Cut or

?fi~Weigh the full piece, cut or roll, on a
-braied scale accurate to 0.25 percent, meas-
<< the length and width of the couted fabric,
- caiculate the mass, reporting it in grums
" Wjudre metre (ounces per square yard) to
e nearest 2.8 g (0.1 oz),

"2 Method Applicable to a Sample—Cut a
men having an area of at least 125 ¢m?(20

- e BWerrL
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in %), or 2 number of ypecimens not less than 50
mm {21n.) square and having a total area of at
least 125 em? (20 in.2). from the coated Fabric,
weigh on a calibrated scale aceurate to 0.25
percent. and calculate the mass, reporting it in
grams per square metre (ounces per square
yuard). Unless a specimen the full width of the
fabric is used. take no specimen nearer the
selvage than one tenth the width of the fabric.
NoTte 3—This method ts intended for use when 2
small sample of coated fabric 1s sent 1o the labora-
tory for test, The result 15 considered to be applicable
to the sumple. but not to the piece or lot of goods
from which the sample was taken unless the number
of sumples and method of sampling are specified and
agreed upon by those concerned. I this is done, each
sample should be tested in accordance with 7.2 and
the results averaged to ohtuin the average mass ia
grams per square metre (or ounces per square yard).

BREAKING STRENGTH

8. Brezking Strength

8.1 Breaking strength shall be determined by
the Grab Method, unless the Strip Method is
specified. In the case of coated knit fabrics, the
breaking streagth may be more satisfactorily
determined by the bursting strength method
which shall be used when specified.

A—Grab Methad

9. Testing Machine

9.1 The machine shall consist of three main
parts:

9.1.1 Strayning mechanism,

9.1.2 Clamps for holding specimen, and

9.1.3 Load and clongation recording mech-
anism(s).

9.2 Staining  Mechanism—A  machine
wherein the specimen is held between the two
clamps and strained by a uniform movement of
the pulling clump shall be used. Unless other-
wise specified in the material specification, the
machine shalt be adjusted so that the pulling
clamp shall have a uniform speed of 5 + 0.2
mm/s (12 + 0.5 in./mun).

9.3 Load and Elongation Recording Mech-
anism(s}—Calibrated dial, scale, or chart to
indicate applied load und efongation. Unless
otherwise specifed for load determination, the
machine shall be adjusted or set so that the
maximum load required to break the specimen
will remain indicated on the cahbrated dial or

o .'-,,:‘;.n-:r.:
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scale after the test specimen has ruptured.

9.4 Capacitv—If the machine is of the pen-
dulum type, 1t shall be of such capucity that the
maximum load required to break the specimen
shall be not greater than 85 percent or less than
IS percent of the rated capacity. .

9.5 Machine Efficiency—The error of the
machine shall not exceed 2 percent up to and
including a 200-N (50-fbf) force and 1 percent
over 200 N and | percent at any reading within
its loading range.

10. Ciamps for Fabrics

10.1 The clamps for holding a specimen of
coated Fabric shall have metzllic gripping sur-
faces sufficiently smooth, flat, and paralle] as
to prevent the test specimen from slipping or
moving between the gripping surfaces when
hetd under the pressure normal to operation.
The dimension of all gripping surfaces paraliel
to the direction of application of the load shall
be 25 mm (1 in.); the dimension perpendicular
to this direction shall be | in. for the face jaw
and 50 mm (2 in.} or more for the other. All
edges thai might cavse a cutling action shall be
rounded to a radius of not over 0.4 mm (%, in.).
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
be on a part hinged or swiveled 1o the movable
member of the clamp. The pressure between
the gripping surfaces, sufficient to clamp the
specimen firmly before the testing® load is
applied and to prevent slippage during the
progress of the test, shall be secured by any
suitably constructed mechanical device operat-
ing on the movable member of the clamp. The
distance between the clamps at the start of the
test shall be 75 mm (3 in.).

NOTE 4-—As 4 practical method of determining
the degree of fatness and parallclism of the assem-
bled clamp mechamsm it is recommended that a
sheet of thin white puper, between two thin sheets of
carbon paper. be placed between the gripping sur-

faces, and the jaws then brought together with a light
pressure

11. Test 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 test. Two sets of
five specimens each will be required, one sct for
longitudinal breaking strength having the

D 751

longer dimension purallel to the lengthwiye-
direction of the goods, and the other gt jop-
transverse breaking strength, having the longep=
dimension parallel to the crosswise direction g
the goods. No two specimens shall contain ghy

same threads of the fabric in the direction to p-

tested. Unless otherwise specified, specimeng.-
shall be taken no nearer the selvage than one-
tenth the width of the coated fabric.

12. Procedure

12.] Place the specimen symmetrically ig-.
the clamps of the machine (see Fig. |} with the
longer dimension paralle! to and the shorteprs
dimension at right angles to the direction of-ir
application of the force. Report the average of =
the results of the five individual tests in each =
direction as the longitudinal breaking strength-
and the transverse breaking strength of the -
fabric, respectively. [f a specimen slips in the-
clamps, breaks in the clamps, breaks at the
edges of the clamps, or if for any reason :
attributzble to fuulty operation, the result falls -
markedly below the average for the set of

specimens, discard the result, take another -

specimen, and include the resalt of this break -
in the average.

B—Cur Strip Method

i3. Procedare

13.1 Make the breaking streagth test by
the cut strip method in accordance with the
directions for the grab method (Sections 9 to
12), with the exception that the specimens
shall be cut 25 mm (1 in.} in width (or other
width when specified).

ELONGATION

14. Procedure

14.1 Unless otherwise specified, obtain the
elongation of & coated fabric at any stated
force when the breaking strength (Sections 8 to
12} is determined and for the same specimens
by means of a suitable avtographic recording
device on the testing machine. The elongation
shall be the average of the results obtained for
five specimens, and it shall be expressed as the
percentage increasc In length. Siace the initial
length and, therefore, the medsured elongation
depend upon the load applied in placing the
specimen in the clamps of the machine, place
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15, Testing Machine B
13 The machine used for dett g
-u;\ung strength shall be cither of the ©
.-t:'\r;. ension Testing A:‘ﬂfkl'ng .:; -l-
v The lension testing m
h::::; in Section 9 shalt be eqm'pped .
:_,-r.ting anachmenll o:‘, suc‘|3 :e:;ag:‘ Ith.
necymten held securely by & Tin ]
TEATL0 & 0.05 mm (1750 = 0.002
ycrmal diameter with the unter of t?el
wmen pressed against @ polished steet *
wo0 = 0025 mm (1.000 = 0.007 @
Jrameter untii a burst is_ produced. Tn:
.on of motion of the ring clamp sh. .
~eht angles to the initial pl:_lne of the s
The capacity of the machme_sha‘ll b.
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snale which the pendulum makes wi
vertical is between 9 and 45 deg.

(5.3 Diaphragm Bursting Te.fter-?.z
ments for a diaphragm bursting test
authined in 15.3.1, 15.3.2 and 15.3.3; he
1nv machine that operdics on the same
plt- and has coaxial apertures of N2 (
(124 = 0.02in)in diameter In t_he cl:
wrfaces is a valid machine for this test
i5.3.1 The testing machine to be us
e either mechanically ot manually %
11 shall permit the clamping of the mai
be tested between two circular dam_[_--_
than 75 mm (3 in.) in diameter havir .
apertures of their centers 31,205 m
<« 0.02 in.) in diameter. The st'xrfac__.
clamps between which lh_e specimer
pluced shall be concentrically groc”
erooves shall be spaced not less tha ]
10.031 in.) apart and of a depth not .
0.15 mm (0.006 in.). The grooves shal‘l
closer than 3.2 mm (0.125 in.) from |_ |
the apertare The surfuces ol_’ the c.h:
be metaltic and any edge which mig-
cutting action shalt be rounded to 2
nut over 0.4 mm (%in ) The lowerch:
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1 [esting Machine

~1 The machine used for determining
- -=ing »trength shall be either of the follow-
hapes.

i 2 Tension Testing Machine with Ring

»p~The tension testing machine de-
.- =zd 1n Section 9 shall be equipped with a
-~uag attachment of such design that the
-=men held securely by a ring-clamp mecha-
- 340 = 0.05 mm (1.750 + 0.002 in) in

sasl dizmeter with the center of the speci-
-c- pessed agamst a polished steel ball of
= 0.025 mm (1.000 = 0.002 in.) in
. .=eier until a burst is produced. The direc-

- of mution of the rmg clamp shall be at
.~ dngles to the initial plane of the specimen.
"1 capucity of the machine shali be consid-
:2 sustable if, when the specimen breaks, the
s which the pendulum makes with the
.2l 1s between 9 and 45 deg,

*3 Digphragm Bursting Tester—Require-
-:*v for a diaphrigm bursting tester are
Saed in 15,3 1, 15 3.2 and 15.3.3; however.,
-+« machine that operates on the same princi-
2204 hus coavial 2pertures of 31.2 £ 0.5 mm

= 002 n.) in diameter in the claniping
<“2» 15 u valid machine for this test

31 The testing machine 10 be used may
% sther mechanically or manually operated.
“2ait permit the clamping of the material Lo
oted between two circular clamps not less
-175 mm (3 in.) in diameter having coaxizl
-=itres of their centers 31 2 4 0.5 mm (] 24
= Y02 n ) in diameter. The surfaces of the
-="pr betueen which the specimen 15 to be
-iwd shall be concentrically groaved. The
T hes shall be spaced not less than 0.8 mm

111 ) apart and of a depth not fess than

Smm (0 006 wn ) The grooves shall not start
+ <fthan 3.2 mm (0 125 in ) from the edge of
s sperture, The surfaces of the clamps shall
* Mclathe and any edge which might cause a
-3¢ action shall be rounded to a radius of

Ner D3 mm (%5 in ). The lower clamp shal)

e 2 S

be integral with the chamber in which o screw
shull opetate to force a hiquid pressure medium
at a uniform rate of 1.63 = 0.07 cm?/s (6.00 =
0.25 in.?/mun) against a rubber diaphragm
fitted 10 expand through the aperture exert-
ing its force against the coated fabric set be-
tween the twe clamps. (In the manually
operated machine, this shall correspond to ap-
proximately 2 rps of a hand wheel turning
the displacement screw.)

15.3.2 In the mechanically operated ma-
chine, means shall be provided for stopping. at
the instant of the rupture of the specimen, any
further application of the loading pressure, and
for holding unchanged the contents of the
pressure chamber until the gross bursting pres-
sure and Lare diaphragm pressure indicated on
the gage have been recorded. The machine
shall be fitted with a Bourdon tube gage,
maximum-resding type. having a diaf 114 mm
(4.5 in.) in diumeter, and the scale divided to
read in 2-N (0.5-1bf) units. with a range of from
0 to 500 N {0 1o 100 Ibf). Accuracy shall be
within £2 N (0.5 1bt). When the gage is
cubbrated, it shall be mounted in the same
relative position as on the bursting tester. If
calibrated with a dead-weight tester, the
weights shall be spun slowly to ensure free
action of the piston.

Nort 5—A higher capacity gage may be used
provided 1t megts the accuracy requirements.

15.3.3 Provision shall be made for applying
to the spzcimen, before clamping. a slight
initial tenston, which shall be wniform in all
directions.

16. Test Specimens

16.1 At least ten specimens shafl be cut, the
smallest dimension of which shall be at least
12.5 mm (0.5 in.)} greater thun the outside
dizmeter of the rimg-clamp mechamsm of the
testing machine.

17. Procedure

17. When the pendufum machine is used.
mount the test specimen n the ring clamp and
move it at a rate of 3 mm/s (12 in./min.)
against the steel ball wntil rupture ocours
Recont the pounds pressure as the bursting
strength of the specimen.

17.2 When the diaphragm tester is used,
mount the specrmen between the ring clamp
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and the base surface with a uniform tension.
Apply the pressure at a constant rale as
prescribed in 15.2 | until rupture occurs. Re-
cord the pounds pressure and then release the
upper clamp completely, allowing the tare of
the diaphragm to register on the pressure gage.
Report the bursting strength of the material as
the gross pressure minus the tare of the
diaphragm.

Norve 6—When the dizphragm bursting tester is
used, 1t is recommended that the difference between
the gross bursting pressure and the tare diaphrugm

pressure be reporied as the bursting strength of the
material.

18. Calculation

18.1 The average bursting strength of the
material shall be the arithmetic mean of the
resulls of ten tests and reported in pascals or
pounds per square inch.

TEARING STRENGTH
19. Scope

19.1 The tearing strength of the coated
fabrics shall be determined by either the pen-
dufum method. or the tongue tear method.

A—Pendulum Method

20. Testing Machine

20.1 Pendulum-type machine wherein the
specimen is held between a pair of clamps, one
movable and one stationary, and torn by the
fali of a pendulum through the [orce of gravity.
The machine shall consist of the following:

20.1.1 Pendulum carrying a circumferential
graduated scale so as to indicate the force used
in tearing the specimen.

20.1.2 Movable clamp carried on a pen-
dulum, preferably formed by a sector of a
wheel or aircle free to swing on a ball or other
substantially frictionless bearing, and a sta-
tionary clamp. The gripping surfuce of the juws
in cach clamp shall be not less than 25 mm
(0.98 in.) wide and 16.5 mm (0.650 in.) deep.
The clamps shall be separated by a distance of
23mm{01in).

20.1.3 Pointer and pointer stop 10 record
the maximum arc of swing of the sector
pendulum.

20.1.4 Sector release to hold the pendulum
1n g raised position during the mounting of the
specsmen and to permit it to fa)l through the

D 751 -
force of gravity. -
20 1.5 Knfe attachment for initiat shtiny

of the specimen. M

21. Adjustment of Apparatuy =

21.1 For apporstus having a sector .
pendulum, and which tears the specimen ne
moves toward the right. draw a pencil line o
the base of stop mechanism 25 mm (1 in jop;
the right of the edge of the sector stop. Wig-
the sector raised 1o it> initial position and gy
poinler set against its stop. on releasing thy
sector and holding the stop down, the seqmp
should make at least 20 complete oscillariom -
before the edge of the sector that engages wily-.
the stop no longer passes to the left of the.
pencil line. Otherwise, the bearing shali by
oiled and adjusted,

21.2 Level the instrument so that, with the -
scctor free, the line on the sector indicating the
vertical from the point of suspension coincides~
withl corresponding point on the base of thee
instrument, usually placed on the stop mecha=-
nism. After leveling, operate the instrumes:
several times with nothing in the jaws, aad
movable jaw being closed, to ascertain if the
pointer registers 2ero with no load. If zero is
not registered, the ponter stop should be.

suitably adjusted until the zero reading is -

obtained. If it is necessury to move the pointer

stop, the pointer friction should be checked as-

follows. Set the pointer at the zero reading on
the scule before releasing the sector and after
relcase see that the pointer is not pushed more
than three scale divisiens beyond the zero. A
reading of more than three dwvisions indicates
excessive pointer friction and the pointer
sfiould be removed., the bearing wiped clean.
and a trace of oil or petroleum jelly applied.
When the pownter friction has been reduced.
finally adjust the point stop.

12. Calibration of Apparstas

22.1 Levet and adjust the instrument on 2
level sheet of plate glass and clamp a known
mass in grams, W, to the radial edge of the
sector bencath the jaws. The center of gravity
of the mass (including means of attaching)
shall be previously marked by a punched dot
on the face of the mass that 1\ to be in the front
of the instrument.

22.2 Rume and st the sector as for tearing 3
specimen and, by meany of g surface gage of

i74

e plate . cto ‘
) ;.'-;g. and note the pointer reading. W

. omvenienl means, measure the hey;
" the center of gravity of the mass ab
l Then release the sector, alle

ng the pointer, raise the sector |

. dge of the poim.er_just meets with mhs
onh position again determine the R
. empmetres, b, of the center of gravity 0

o ._\ﬂl:]“

.. ibore the glass plate.

.« 3 The work done is W(H - K E

..-melres The pointer reading for

_.udard  instrument and method spe
.:'.--.1.! be as follows:

W(H - h)/131.6

++ 4 Five forces from 75 to 400 gol;o
- hie range for the calibration. one
<-|J: lZlamg:d on the edge of the sect
< 1erent positions, the work done in r
..-h being calculated and addcq t?gethe
" 315 Make a record of deviations <
r;n::mcd readings and make correspd

«rections in the test results.
" 16 It is unnecessary 10 repeal_lh_e s
won of the instrument provided it is k
dyustment and no parts bmme' chanj
»orn, but the tearing distance, uhuih eq
~im (1.7 in.) shall be cheC!ted prior &
«nies of tests and adjusted if necessary.

13, Test Specimen
131 The standard test specimen sha
rectangle of cloth approximately 100 mi
in.) long and exactly 63 mm (2.50 in.
with the slit to be cut 20 mm (0.8 in
jearving a distance of exactly 43 mm (
between the end of the stit and the edp
specimen. "
i measures SN
ui\egt; :;v:m.ru:l:ﬂ:::u the raveling o
iast yarns and 1o ensure their being tom di

) i die or
1ot For prepasing the specimen. a
u:nformirrg to Fig. 2 is useful.

. Procedare

331 Place the specimen securely
<lamps. Locate the knife attachment
slit the specimen midway betwecn the
at right angles to the upper edge of the
Make a slit extending from the botten
the specimen to a point 4 mm (9.!5? i
the 10p edge of the clamps leaving & di
43 mm (1.7 in.) of uncut specimen pel
lar to the long dimension of the speci!




R T AR e

al

‘ﬂ‘_-;.l

Z

ﬁnld b
sing =
yPortter
Fked .
ting o
2d afer-
4 more -
-fcro. A-
idicates
‘ponter
{ clean
pphed.~
idued.

o,

SRR

Hyona

noes
,é'ul' the
vty
,!_chm_l.l
ed do

-+

_oehient mMeans, measure the height,
-¢ enter of gravity of the mass above
~wplate Then release the sector, altow it
.. and note the pointer reading. With-
__knyg the pointer, raise the sector until

,-.n posiion again determine the height
_- netres, k, of the center of gravity of the
. s~ove the glass plate,

«: The work done is W(H - h) gram-
-xres. The pointer reading for the
c.xd instrument and method specified

PR e ey et Y mn a

.o he a follows:
WH - k)/131.6

.24 Five forces from 75 to 400 g form a
. e range for the calibration, one or more
.-z clamped on the edge of the sector in
.. :xnt positions, the work done in raising
..+ ~eng calculated and added together.

:2i Make a record of deviations of the
reued readings and make corresponding

-zcons 10 the test results.

:2n It is unnecessary to repeat the calibra-
- of the instrument provided it is kept in
s.sment and no parts become changed or
. =, but the tearing distance, which equals 43
== 1.7 m.) shall be checked prior to each
t o of tests and adjusted il necessary,

=, Test Specimen

231 The standard test specimen shall be a
~'sgle of cloth approximately {00 mm (4.00
*+long and exactly 63 mm (2.50 in.) wide,
+'" the slit to be cut 20 mm (0.8 in.), thus
.02 a distance of exactly 43 mm (1.7 in.)
< a2 the end of the slit and the edge of the
“wTen.

M 1E T—Precautionary measures should be
+:° v prevent or minumize the raveting out of the
- s and to ensure their being torn during the

- Fot prepaning the specimen, a die or template
“mang to Fig. 2 is useful

4 Procedure

A1 Place the specimen securely in the
-3ps Locate the knife attachment so as to

" ihe specimen midway between the clumps
“nght angley to the upper edge of the clamps
¥ Az a slit extending from the bottom edge of
“2xxcimen to 4 point 4 mm (0.157 in.) above
*"op edge of the clumps leaving a distance of
T Am (1.7 m.} of uncut specimen perpendicu-
+1a the long dimension of the specimen. The
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"¢ of the pointer just meets with its stop. "

accuraey of the readings obtained with the
apparatus depends to 4 great extent on the
exactness of this 43 mm (1.7 in) of uncut
specimen.

24.2 With the pendulum in the raised posi-
tion, the movable clamps shall lic in the same
plane as the fixed clamp forming an extension
to the fixed clump. This plane shall be perpen-
dicular to the plane of oscillation of the
pendulum.

24.3 The perpendicular from the line
formed by the top edge of the clamps to the
axis of suspension shall be 104 mm (4.09 in.}
and shall make an angle of 27.5 deg with the
plane of the specimen.

244 Press the sector release, causing the
sector 1o fall, thus moving the pendulum clamp
away from the fixed clamp 30 as 1o 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 10 mm (0.4 in.) away
from the initial slit. Likewise, if the side of the
specimen above the movable juw rubs against
the scctor as the tear is made, reject the
reading.

24.6 The machine, when used for a given
specimen, shall be of such capacity that the
maximum force required to tear the specimen
is not greater than 85 percent or less than [5
percent of the rated capucity.

24.7 Make not less than five tests in each
principal direction of the coated fabric.

25. Calculation and Report

25.1 Report the results as the force in
newtons or pounds-force required to tear a
specimen. If the Elmendorf Tear Tester is
used, refer 1o Tabie | for calculating values in
newtons or pounds-force.

25.2 Report the average, maximum and
minimum results for both principal directions
of the couted fabric. Designate these as Jon-
gitudinal tear resistance and transverse tear
resistance.

B—Tongue Tear Method

26. Testing Machine

26.1 The testing machine used for this test
shull conform to the requirements of the
machine used in the grab method for breaking
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strength (see Section 9) with the following
modifications: The face of the jows shali
measure 15 by 50 mm (1 by 2 in.} or more wih
the long dimension perpendicular to the direc-
tion of application of the load. All machine
atachmems for determining maximum loads
shall be disengaped during this test,

27. Test Specimen i

27.1 The specimen shalt be a rectangle of 75
by 200 mm (3 by 8 in.) cioth, Five specimens
from each of the warp and filling directions
shall be tested. The short distance shall be
parallel 10 the warp yams for the warp tests,
and parailef 1o the (iling yarns for the filling
tests, No two specimens for warp tests shall
contain the same warp yams, nor shall any two
specimens for the filling tests conmain the same
filfing yarns. A T3-mam cut shall be made at the
center of and perpendicular to a short side of
the specimen forming the tongues or cut strips.

28. Procedure

28.1 The machine, when used for a given
specimen, shalt be of such capacity that the
maximum force required 10 tear the specimen
is not greater than 85 or jess than 15 percent of
the rated capacity.

28.2 Center the specimen in the machine
with one tongue or cut strip in each clamp.
Start the machine and observe by means of an
autographic recording device the force neces-
sary to tear the cloth a distance of 75 to 100
mm {3 to 3 in.).

28.3 If a specimen slips between the juws,
breaks or tears in 2 direction other than thut of
the original cut, or if for any reason atiribut-
able to faulty technique, an individual meas-
urement falls markedly below the average test
resylt for the sumple unit, discard and test
a2nother specimen.

29, Report

29.1 The tearing strength of the test speci-
men shull be the average of the five highest
peak loads of resistance (not including the
initiat peak ) registered during the separation of
the tear The 1earing strength of the sample
unit shall be the average of the resalts abtained
from the five specimens tested in each of the
wittp and filhng directions and shall be re-
ported separitely to the nearest 0,5 N (0.5 1bf).
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HYDROSTATIC RESISTANCE

38. Hydrostuatic Resistance

30.1 The hydrostatic resistance of o Comeg
fabric shull be determined by Method A wig
uses & Mullen-type hydrostatic Lester or, iy
specified, by Method B which uses the hyam,
static pressure of a rising column of wyg
{Suter test).

Mrethod A—Pressure Application by Mule
Tyvpe Hydrostatic Tester

31, Testing Machine

31.1 Requirements for the testing machmy
are outlined in 3{.2; however, any machng
that operates on the same principle and by
coaxiyl apertures of 31.2 = 0.5 mm (124 5
0.02 in.} in diameter in the clamping surfacesis
a valid muchine.

31.2 The testing machine to be nsed may be
cither mechanicativ or manually operated. it
shall permit the clamping of the material to be
tested between two circular clamps about 75
mm {3} in.} in diameter having coaxial aper
tures of their centers 312 = 0.5 mm (123 +
002 in.) in diameter. The surfaces of the-
clamips between which the specimen is to be
placed, shall be concentrically grooved, The
grooves shall be spaced 0.8 mm (0.031 in)
apart and of a depth not less than 0.15 mm
{0,006 in.). The grooves shall not start closer
than 3.18 mm (0.125 in.) from the edge of the
aperture. The Tower clamping surface shall
have a recession concentric so the aperture
capable of accepting 2n O-ring having a cross
sectional dismeter of 4.7 & 0.1 mm (0.187 =
0.004 in,}. The machine shall have means of
applying hydraulic pressure to the underside of
the clamped specimen until the specimen Fails.
The pressure shall be geacrated by means of a
piston forcing wuter lato the pressure chamber
of the apparatus at the rate of 1.4 + D.1 cm?/s
{3.2 = 0.3 in.*/min.). The machine shall be
fitted with a Bourdon gage. maximurn-reading
type, with the scale divided to read 2-N
{0.5-Th0) ynity. Accuracy shalf be within 2 M on
readingy from D to 1830 N (D 1o 100 b and to
1.0 percent on any reading over 180 N. When
the gage 1s calibrated. it shall be mounied in
the same relutive position as on the bursting
1ester,

Note 8—Any muching that operates oo the
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i Test Specimens
« | The test specimen cut from t!
- Jhall be of such size that ﬂ\e
- oo is at fcast (25 mm (05 in
* - the outside diameter of the i
. ..namsm of the resting machine.

e . the specime:
111 Before clammng :
nl_ muchine, bring the water leve
: :-h the 10p of the rubber gasket 30 t'
-.‘-.:ket may exist bemaen'tbc ».m.c-j
~§ the costed fabric being tesie
eherwise specified in the case '
~aied o0 one side only. place the c(
::\: 10 the water Jevel. In the cafscb.
_aated fabrics or double-textuce _adr
welace may be used n}\hss the si te
sng downward against the wat:
Jetmitely specified. The Iempema'l
agter shall be the same as the b
empecature of the testng roo:}s. N
1ot 16 gecordance with one of the
wo procedures. ::\ctpl that v-'he:\
and glass support is employed. only
= shalt be vsed. ,
33 1.1 Procedure i-—Increase t
«eadily 2t the rute of displacement
15 3.) and take a dial reading
Appearance of water lhroug.h the t:
being tested, Make len differea
tans and take the average as Ehe
renstance of the coated fabric.
wolated high or low resull that i
in duplicate when a consistent ave!
obisined without the abagrmal
jtute a retest.
!ug;}.i:‘fl Procedure .?--{Kp_pl)
pressure held constant within I«
against the test specimen forape
Ay appesrance of water throu
fabric that can be detected durt
will indicate faiture 10 meet th
least ten specimeas rom any st
rial. The coated fabric will hav
met the required test ifat Teast
tests show no leakage at the pre
Note 9—Ank materal that fad:
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< el Specimens
Thz test specimen cut from the coated
.. 420 be of such size that the smallest
- ~voni5 2t least (23 mm (0 51n.) greater
- =z outside diameter of the ring-clamp
. =sr1vm of the testing machine.

i Procedure

: . Betore clamping the specimen into the
- -2 machine, bring the water level up flush
. .- *x2 top of the rubber gasket so that no aur
..oz may endst between the water surface
;e coated fabric being tested. Unless
-:apne specified in the case of materials

'l on one side only, place the coated side
.1 o the water Jevel. In the case of double-

2 fabrics or double-tevture fabrics. either
-t mad be used unless the side 1o be put

-3 downward against the water level is
woiely specified. The temperature of the
«.o: shall by the same as the atmospheric
«- serature of the testing room, Conduct the
= w accordance with one of the following
«+ nrocedures, except that when the sereen
-~ glasy support 1s employed. only Procedure
Tarall be used.

11} Procedure 1—Increase the pressure
-=dily ut the rate of displacement indicated in
*i1 oand take a dial reading at the first
-~~zarance of water through the coated fabric
7y iesled Make ten different determina-
v and tuke the average as the hydrostatic
~senee of the coated fuhne Discard un
-utad ugh or low result that is not repeated
- suphcate when a conwistent average has been
“aned without the abnormal reading and
LTrlidie A retest

3¥2 Procedure 2—Apphy a specified

sosure held constant within 14 kPa (2 psi)

- 4t thie test specimen for & period of 3 min.
v appearance of water through the coated
=" that can be detected during that period
* Tindicate failure to meet the test. Test at
“-2l ten specimens from any sample of mate-
*~! The cuated fabnc will have satisfactorh
-1 the required test if at least eight out of ten
#'s show no leakage ut the pressure specified
NeoTe 9—Any matenal that fals to pise ¢ valoe of
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at least 33 kPa (3 psi) oy measured by either
procedute of testinig shalt be regarded as having oo
low a hadiostatic resistance to he measured by this
methad. and the alernate Method B of using the
hydrostatn prossure of & rsing column of water shall

be tried

34. Report

311 The report shall include the following:

34 1.1 Statement of the method and proce-
dure used and whether oF not the screen and
glass support was employed.

34.1 2 With Procedure 1, all observed and
recorded data together with the average value
of the hydrostatic resistance in kilopascals
(pounds per square inch).

34.1.3 With Procedure 2, statement of the
number of specimens tested, the specified
pressure applied, and the number of specimens
that withstood the pressure

Method B—~Pressure Application by a Rising
Column of Water

35, Testing Machine

35.1 The machine shall consist of a clamp
for holding the specimen and a means of
providing a column of water whose level can be
raised. Figure 3 shows a suitable apparatus,

35 2 The clamp shall consist of a lower ring
about 170 mm (6,75 in.) 1n outside diameter by
115 mm (4.5 in.) in inside diameter held in a
fixed position and provided with a chunnel 9.5
mm {0.375 m.) in width into which a rubber

gasket seats, and also a movable upper plate
which shall be about 170 mm n outuide
diameter und shall carry the rubber gasket. A
water chamber on top of the upper plate shall
have 4 water opemng into the clamp, and a
vent pipe A suituhle mechamsm shalt be
provided to close the clump with the specimen
of fabric between the ning and plate.

353 The water Jeveler shall be provided
with a water inlet, water outlet, and overflow
pipe It shall be connected to the clamp by
means of a rubber hose. The overflow pipe
provides a means of muintaining a constant
level of water, A suituble mechamsm for
reising the water leveler uniformly at the
reyquired rate and lowering it again shall be
provided A chain and sprocket device driven
by a motor and controlied by a suitable disk
clutch has been Tound satisfactory,
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354 A steel scale for measuring the height
of the water column shall be attached to the
water leveler in such a way that the zero is in
the same horizontal plane as the constant
water level at all times. A reference pointer in
fixed position at the level of the fuce cf the
lower ring of the clump shall be provided for
measuring the distance of travel of the water
leveler above the face of the clamp. The scale
shall be graduated in millimeters (or sixteenths
of an inch).

35.5 A mirror shall be provided under the
clamp in order to observe any leaks in the
fabric being tested.

36. Test Specimens

36.1 The test specimen of the coated fabric
shall be at least 200 mm (8 in.) square. The
specimen may include a seam if desired since
the rubber gasket provides a means of oblain-
ing a tight seal in the clamp. At least five
specimens from any sample of material shait
be tested,

37, Procedure

37.1 Conduct the 1est according tw one of
the following 1wo procedures:

37.1.1 Procedure I—Lay the specimen
smoothly on the face of the lower ring of the
clamp, and lower and fasten the upper plate in
place. This shall form a watertight compart-
ment. When the specimen is cozted on only one
side. place the coated side next to the water
column, unless otherwise specified. With the
leveler at the cero position, turn the water on
and keep it runming at such a rate as 1o
overflow continuously, Raise the column at a
rate of 10 mm/s until the first drop of water
appears through the coated fabric. Read on the
scale the height of the water column above the
level of the specimen.

37.1.2 Procedure 2—An aliernative proce-
dure is placing the specimen in the clamp and
rasing the water column te a predetermined
height and recording the time required for the
first drop of water 10 penectrate the coated
fabric.

. 38. Report

38.1 The report shall mclude the following:
38.1 1 Statement of the method and proce-
dure wred and the nember of vpecimens tevted,

D 751

38.1.2 With Procedure L, the height g
column of water to the neurest 0,01 kP,
the nearest Yo in), at which the firg
appeared on the underside of each of &
coated fubric specimens, aiso the averape vy
for ali specimens,

38.1.3 With procedure 2, the preset hegn
of the column of water and the time ela
before the first drop of water appeared ondy
under side of each specrmen of the
fabric, also the average value for all specimeny,

ADHESION OF COATING TO FABRICS

39. Testing Machine v

39.1 A testing machine as described in Se.
tion 9 shall be used. except that the speed of iy
putling clamp shal) be either 0.85 + 0.05 mmi
(20 = 0.1 in./min) or 500 + 002 m/s (12 4
0.5 in./min). The faces of the clamps sha
measure 25 by 75 mm (1 by 3 in.), with the
short dimensions parallel to the direction of
application of the load. The distance betwess
the clamps at the start shall be 25 mm. If e
machine is of the pendulum type, the pendulum
shall be disengaged from the ratchet. A pes
dulum-1ype machine shall be considered to %
of proper capucity for the test, if, when the
coating separates from the fabric, the angle
that the pendulum makes with the vertical »
between 9 and 45 deg. :

4D, Test Specimens

40 | Specimens 50 mm (2 in.) in width and
200 mm (8 1n.) in fength shall be cut from the
coated fubric. Two scts of two specimens gach
will be required, one set for adhesion in the
fongitudinal direction having the longer dimen-
sion paraliel to the lengthwise direction of the
fabric. and the other sct for adhesion in the
transverse direction having the fonger dimen-
sion parallel 1o the crosswise diregtion of the
fabric These specimens shall be prepured for
test as follows:

40.1 | When the strength of the coating film
exceeds the adhesive bond to the fabric, as with
thick films, the specimen shall be prepared for
test by carcfully cutting the coating through
the fabric on two paralle] cuts A and B, 25 mm
(1 in.) apart runmng lengthwise of the speci-
men as shown in Fig 4, Cut 4 shall extend
from the end of the specimen, E, 10 within | in.

178
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!

apaIle end. D Cut B \h.lll.c\lcnd t
T anhin 50 mm 42 'm.)_ut end D ‘
ar uts A and 8 shall lfc joned toge
. :lu-__um.nl cut ¢ which shall alw

<7 et through the coating to the [

e of 1t kntfe shall be worked wnde
-“--:r‘.wd by cuts A4 and C and the \:u:

. ‘.‘-“--mm strp separated from the bac

. ,1_1..t.mce of 50 mm Trom thut pw.;l\t.'
.12 Wuth thin films or 1 cuses wher

] w-'_l\ not sutficiently strong to be sl;'l

ih:; fabric as dcscn‘l?ed in 40. |‘|h

aneas of the coated tubn.c sha !

+j together face to face with an 3 »

l-,l" for adhering the type o_f CO:!I‘I‘I::!_“-

" used The cuts shown 10 Fig. 4 3ha '

, 1ade from one side being cun:fu_l‘w :

" . only through unc Jayer of l'abr‘u;’ ::2
" ayure the other fabric layer. The fa :‘

. wde shafl then be strpped fiutf“ X
: qee of 30 mm (2 1m.). This um‘:a !
- Asng fabric to be mserted m one jtm_ ‘

\.mine. and a double thickness of .:\‘)a}m
..m..kmg fabrec from the other pm;g:e
-.rted in the other Jaw of _the mc ;‘nc
oatation between the coating and the
. tsbric can then be measured 4 00
. fabric v too e
- :.:l‘l‘n :U‘_:;::n'lc I(i;fu:‘;bm;llth: the \penme:‘
‘s 73 mm {3 ) width and the

' The
dustan cut S0 mm (2w m width
- Jrltllié;lnbt:“recordcd as newtons {pounds-fi

© mm) \inp

41. Procedure

41t Clamp the separated portion
Ss.mm 1) in) strip in b lower 3-1\\:
estrng machine and end D of the spev
*he u;.;pcr jaw so that the muvc_men;l
oner Jaw will separate the co:mng.l
nackine The rate of travel of the lo
“hall be one of the two speeds apecitied
The distance of separation _of the co
piles shall be a mmimum of 76 mm (.

42, Report
351 The report shatt wnclude the
421 { Type of testing machine am
of travel of the lower jaw. and
42,12 The average test valug Tor
two specimens cut 10 the fongitudinal
Jnd wo specimens cut the tranwe
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. ppowte end. D. Cut 8 shall extend from
. +o within 30 mm (2 in.) of end D. The
. wuts A und & shall be joined together
_dagonal cut C which shall also be
" .1+ cut through the coating to the fabric.
" eczaf 2 knfe shall be worked under the
“wwied by cuts 4 und € and the coating
_ x.mm sinp separated from the backing
+«ance of 30 mm from that point.
.ot > With thun films or in cases where the
;2 1~ not sufliciently strong to be stripped
. the Tabric as described in 40.0.[, two
~¢ns of the coated fabric shail be ce~
. together face to face with an adhesive
. =t for adhenng the type of coating bemng
santed The cuts shown in Fig. 4 shall then
.- +xde from one side being careful to pene-
.+ onh through one layer of fabric and not
aure the ather fabric luyer. The fabric from
-. wde shall then be stripped down for a
. tuice of 30 mm (2 in.), This wiil allow the
-..«in2 fabric to be inserted in one jaw of the
- .hinz. and a double thick ness of coating and
~whing fabric from the other piece to be
-.."ted i the other jaw of the machine. The
~>iration between the coating and the back-
-. tabric can then be meusured as noted n
L
wolk 10—In case the fabric 15 too weuk to be
s udat g 25-moe (1-in § width, the specimen may be
3 mm (3 i) in width and the strip for
r saon cut 50 mm (2 in.) in width, The results

+ then be recorded as newtons (pounds-force per
ophsirip.

4l. Procedure

11 Clamp the separated portion of the
2-mm (1 in.) strip in the lower jaw of .the
-~ing machine and end D of the specimen in
. upper jaw so that the movement of the

ser Jaw will separate the coating from the
~whing The rate of travel of the lower jaw
-~ be one of the two speeds specified in 39.1.
"¢ distance of separation of the coating or
=+ shdll be 2 minimum of 76 mm (3 in.).

L

42, Report

421 The repurt shall inclide the following:

1211 Type of testing machine and the rate
*trave] of the lower jaw, and

4212 The arerage fest vaiue for at least
40 specimens cut in the loagitudinal direction
~d a0 specimens cut in the transverse direc-
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tion. The averages of the five high peaks und
the five low peiaks shall be used to determine
the pull in aewtons (or pounds-force) for
reporting the adhesion of the coating or plies

Nott 11—When a test for hydrogen permeability
is required, reference should be made to ASTM
Method D 815, Testing Coated Fabrics —Hydrogen
Permeance.

TACK-TEAR RESISTANE

43. Scope

43.1 This method covers the measurement of
the resistance of 8 couted fabric to tearing
under conditions simulating an installution
that has been tacked in place. It is intended
primarily for testing viny! plastic coated fab-
rics for furniture or sutomotive applications.

44. Apparatus

44.1 The appuratus shall consist of the
device illustrated in Fig. § und & testing
machine conforming to the requirements of
Section 9.

45. Test Specimens

45.1 The specimens shall be 50 mm (2 in.)in
width and 150 mm (6 in.) in length. Two sets of
five specimens each are required, one set for
warp tuck-tear strength, having the longer
dimension parullel to the filing yarns, and the
other sct for filhng tack-tear strength having
the fonger dimension parallef to the warp yarn.

46. Procedure

46,1 Clamp the device shown in Fig. 5 in the
upper jaw of the testing machine and adjust the
machine to compensate for its weight. Impinge
the specimen on the needles. taking care that
the line of needles 1s pacallel to the threads to
be tested and exactly 12.5 mm (0.5 in.) from
the wp edge of the specimen. Clamp the
specimen n the lower clamp. Operate the
machine 45 for o tension test with the distance
from the bottom of the needles to the top of the
lower clamp 75 mm (3 in.) and the rate of jaw
separation S mm/s {12 in./mn) with no load.
The faces of the bottom clamp shall measure
25 by 73 mm (1 by 3 in.} or more. If the
machine is of the pendulum 1 pe, disengage the
pawls on the pendulum from the ratchet.

t Ammual Buok of ASTM Swandards. Part 38.
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Record the average force necessary to tear the
fabnic, preferably with an autographic record-
ing device.
47. Report

47.1 Report the median of the results of the
five individual tests on the warp as ihe warp
tack-tear strength. and the mediar of the five

individual tests on the filling us the filling
tack-tear strength.

LOW-TEMPERATURE BEND TEST

48. Procedure

48.1 Determine the resistance of the material
to low-\emperature bending in accordance with
ASTM Metbod D 2136, Testing Coated Fab-
rics—Low-Temperature Bend Test.?

LOW-TEMPERATURE IMPACT TEST

49, Procedure

49.1 Determine the resistance of the material
to fow-temperature impact in accordance with
ASTM Method D 2137, Rubber Property—
Brittleness Poin: of Flexible Polymers and

Coated Fabrics.
SEAM STRENGTH

50. Scope

50.% The strength of coated fabric seams
{lapped, lapped and bonded, and sewn seams)
shall be tesied by the modified grab method.
51. Significance

51.1 This method is intended to determine
the seam strength for comparison with the
strength of the coated fabric.

51. Testing Machipe

52.1 The testing machine used for this test
shall conform to the requirements of the ma-
chine used in the grab method for breaking
strength (see Section 9) with the following mod-

D 761

ification: The face of the jaws shall measure
by 75 mm (1 by 3 in) or more with the
dimension perpendicular to the direction o
application of the load. The machine shally,
adjusted to pull the clamps at a uniform rageqyr
5 mmy/s (12 in./min).

53. Test Specimen

33.1 The specimen shall be a rectangle S0by
200 mm (2 by 8 in.) with the seam hori
across the center, perpendicular to the lony
direction. Unless otherwise specifiad in the my.
terial or product specification, three individey
specimens shall be tested and the median of thy
three test results shall be recorded. .

54. Proceduse

34.1 The machine shall be of such capaciy
that the maximum force required to tear iy
seam of the specimen is not greater than 85 %
or less than 15 % of the rated capacity.

54.2 Place the specimen symmetrically in the
jaws of the testing machine with the seam
centered between and parallet to the jaws and
the shorter dimension at right angles to the
direction of application of the force. Start the
machine and observe by means of an anw-
graphic recording device the force or load nec-
essary 10 slip the seam or rupture the fabric.

54.3 If a specimen slips between the jaws,
breaks or vears in a direction other than paralid
to the seam, or, if for any reason attributable to
faulty technique an individual mecasurement
falls 20 % below the median test results for the
sample unit, discard and test another specimen.
55. Calculation and Report

55.1 The seam strength of the test specimen
shall be reporied as the median of all the
individual results in kN/m (Ibf/2 in.) to the
nearest 0.01 kN/m (0.1 1bf/2 in.). The report
shall include whether failure occurred in the
seam or in the fabric.

"7 Annual Book of ASTM Standards, Pacts 37 and 38,

TABLE [ Factors for C»

=

Instrument

.- «dand instrument
W % ut augmenting weight)
o =aunlinstroment .
w.e" “BS augmenting corssling of wer
«<utor Fitted into 1be opening of the pendul.
- ent
) \\J::!tlr:r::;mming weghts comsisting <
~BY waphted sector fited inte the open
the pendulium and another -elghd section
‘A the firat augmenting weight)
1. o o-duty imtrument .
"W thout NBS apgmenting weight)
4. s -duty imstrumant .
L.t\u: one amgmenting weight consisti
weighted sector ftted into the opeming
rerdulum) .
o puvaduty Mstrume! .
-.J\L-.;:ul;.n augraenling u_eu.hu' consisting
weighted sector fitted into the op:mm
pendulum. and twa weighted sectors fit
penphery of the pendulum}

FIC. T [Nmtratien of Grab Tes
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TABLE 1 Factors for Catulating Tearing Force In Newtons (or Pounds-Force}

In~trument

. =jpumen
. - . augmannog wesght)
_sevruinent
U NS sugmenting conssting of werghiced
+  fined miv the opening of the pendulum)
. rrmiramant
« * Lay Jugmenting wetghts conatsting of the
wan waighizd sector fitled into the opening of
-+ senduilum and another weighed secrion fitted
- e firsl augmentiag weight)
2208 tmelrdment
» ragt SBY augmenting weight)
o4 Islrument
& une augmenting weight consiting of
a2 chied wectar fitted into the opeming of the
x~sulum}
syt mstrement
a 7 mag dugmenting wesghts consiting of the
.z thted sector fitted into the opening of the
x-dulpm and 1wo wetghted sectors fitted on the
~enzhery of the pendulom)

FIG. 1  WMiusteation of Grad Test

Pel;-:":;:‘.‘-‘ Factor. N PL‘I;-‘::I:IF Factor. i
16 157 00353 3.53
32 It G o706 7.06
628 2
. 6138 14.12
899 2023
. 22445 50 46
—— 102mm
fe— 45 mm—=] ‘ ""‘T 45mm "'I
12 mm »{ |2imm
43mm 75
to be
€3mm |  tomn mm
Shit —’_{‘
20mm
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QH]‘” Designation: D 4021 - 81

AMERICAN SQCIETY FOR TESTING AND MATERIALS
1916 Race St., Philadelphia, Pa. 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM
1f nat listed in the current combined index, will appear in the next edition,

Standard Specification for

GLASS-FIBER-REINFORCED POLYESTER UNDERGROUND
PETROLEUM STORAGE TANKS'

This standard v 1ssued under the fived designation D 2021, the number 1mmc-¢|sntel} following the desigaation indiuates the
year of originai adoplion or. in the case of sevnion, the vear of last revision A gumberin parentheses ind-udlesthe vear of fast

reapproval

1. Scope

1.1 This specification covers glass-fiber-rein-
forced horizontal, cylindrical, and spherical-
type underground tanks for atmospheric pres-
sure storage of petroleum based fuels and oils.

i 2 The values given in parentheses are pro-
vided for information purpuses only.

2. Applicable Documents

21 ASTA Srandard:

C 33 Speafication for Concrete Aggregates®

C 581 Test for Chemical Resistance of Ther-
mosetting Resins Used in Glass Fiber
Reinforved Structures®

D 471 Test for Rubber Property—Eftect of
Liquids'

D 618 Conditioning Plastics and Elecirical
Insulating Matenals for Testing®

D698 Tests for Mowture —Density Rela-
tionts of Soils and Son-Aggregate Mixtures
Using 5 3-1b {2 49-kg) Remmer and 12-in.
(305-mm) Drop"

D 790 Test for Flexural Properties of Plastics
and Electrical Insulating Materials”

D 883 Definiiions of Terms Relating to Plas-
ticy”

D 1600 Abbreviations of Terms Relating to
Plastics”

[» 2583 Test for Indentation Hardness of
Rigid Plastics by Means of a Barcol Im-
pressor’

17 2584 Teat for lgmition Loss of Cured Rein-
forced Resins”

13299 Specification tor Fiament-Wound
Glass Fiber Remnforced Polyester Chemi-
citl-Resstant Tanks"

F 412 Defintiens of Terms Relaung o Plas-
tic Piping Svstems'™

2.2 Other Documents:

ANSIB2.1 American Standard Tapered
Pipe Threads"'

ANSIB16.5 Steel Pipe Flanges, Flanged
Valves, and Futtings"

ASME Botler and Pressure Vesse2l Code Sec-
tion 111, Division I-—Sub Section ND"™

3. Descriptions of Terms -

3.1 General—Definitions are in accordance
with Definistons D 883 and F 412, and abbre-
viations with Abbreviations D 1600, unless
otherwise indicated.

3.2 cylinder wall—that poriion of the tank
that forms the main body of the tank, and that
part that hies horizontal in the ground after
instaliation. (See Fig. I for further clarifica-
tion )

3.3 rank heads—thai portion of the tank thag
closes the ends of the cylinder. making the tank
into 2 container. Lach tank has two tank heads
(See Fig. | for further clanfication )

! This speaification 15 under the junsdiction af ASTM
Commuttee D-20 on Plastics and 1+ the direct responsibility
of Subcommuttee D20 23 on Rewnforeed Plastic Prpung Sy~-
tems and Chenucai Equ.pment.

Curreat ediison approved Aug 31, 1981 Published Scp-
tember 193]

* Anrug! Book of ASTM Standurds. Parts 14 and 15.

* Ann.al Book of AST Stondecdy Pants 34 and 35.

* Anrual Book of ASTM Stanlards. Part 37

* Annual Buak of 45 1M Sierdards, Party 11, 35 and 34

" Annaat Buoh af ASTA Standurds, Pant 19

* Aarcil Book of ASTM Standaz-ds Part 3>

" Annual Rook of ASTM Siandu-de Farts 3435, and 36

Y annual Book of AST M Siurdurds Parl 36

' Anrmial Raok of 15 TV Stunderds Part 43

" Avallable from Amencan Nationa? Standurds Inshitute,
Sales Dept 1430 Broadssay, New Yori, N Y LIS,

Y Avalaple from American Sow=ty of Mechanial Eng-
neers, Unhied Engineenng Center. 343 £ 4Tth 31, New
York. N ¥ J007

L )




3 4 sphencal ianks---tanks that are spheical
of near sperhical in shape These mnlu me be
formed m one picce or may be formed by
Jounng twoe hemispherical hhe tank heads to-
gether

35 firungs—opening. used to provid: a
means to fill, extract, or vent the contenis of
the tank.

36 fill tubes—devices atlached to the 12k
to asswst 10 filltng. These devices normall! at-
tach to the tank top and convey the hquid io or
near to the tank bottum

3.7 bfung device—hook-on type deviez at-
tached to the tank w provide meaens of iif:ing
the tank

3 8 menwars-—cntiance ways installed i the
tank for the purpose of access into the iznk

4, Materialy

41 Restn—The resin used shall be 2 com-
mercial-grade unsaturated polyester resin

4 2 Remforcing Mateniah—Reinforcing ma-
teriaby shall be commeraal-grade“E" (ype gias
in the form of mat, continuous roving. choy ~ad
roving, or roving fubric. or combinativn of
these, having a conpling agent that will pro sude
a suitable bond between the glass semnforze-
ment and the vesin.

43 Surfacing Materialyv—1f remforanyg roa-
tenal 18 used on the surface expesed o the
contained substance, 1i ~hall be a commere-zl-
grade chemical-resistant glass or organic sur-
facing mat, having a voupling agent that =1ll
provade 4 switable bond with the resin

4.4 Lilters and Addin es—EPillers, whea vse
shall be inert to the environment and the tank
matenizls of construction  Additives, such s
thinotropic agents, catalysts, promoters. i
may he addcd as rcq'ur\.d by the speaific taan-
ufdt.ll.lrlnu processto he tsed to meet this ~iz s
ard. The ru.ulunb plass-fiber-reinforeed p!
nutenal must meet the requiresents of this
specification,

5 Manufueture

5 1 One-piece spherical-type tanks, tank ©
wnders, tank heads, remforeed-plaste fla
and gusscted noszles, manways, and fill tuses
Jhall be produced hiom glass-fiber-remntiozced
plastic, with the conatris on deternuned b toe
parucular process of manufacture and co- “ig-
uration  The manulztclunng process mas .a-
cude vontact-motding, cumpru.“mn-mﬁl-.i ng

D 4021

pultrusien ceninfi; . filument-wind-
g, etc. or combi .I;m o lln.se processes
Manway co.ors o7 mzenwz: blinds shalt be
construcizd from sie2! plate.

52 Lining Device—Eack tank shall be pro-
vided with 2 means of Efunz. by having one or
more “hook-on™-tvze Cavices attached 1o the
tank

53 Frungs—Fach tank zhall be provided
with opemings The2 cperizgs shall be steel-
threaded glz.s-fiber-reiafercad plasuc flanged
nozzsles. ot fiber-reiziuroed Slastic flanged and
gusseted nossles

531 Fituings ma: bz insailed in any loca-
tion on ihe fank exezpi 2t &sembly joints. and
in any gquanuty. prailed they meet all the
u.qu;rz.n*-‘n.:ofth:\ e ccificziion Care shall be
taken o wvore msialieg fitt.zgs at nb lucations

54 Fill tebes of o:?'"r Zlerior piojections
fixed at the jank =op™ sh:ll elcar the tanh
bottom by a runimenaf 3 7 of the tank inside
daneter.

5.5 Mznways me. bz of :ny shape or size,
provided the requirements of this spealfication
are met.

56 Assemily Joiri— Piricuct segments for

L4]
I
i,
' )
(h.

horisantel eviindnezi-and 57 u:ric.ﬂ-!) petanks |

may be joined toy *ah v form a compleic
tank Allowable jorri tvpes shull be butt with
overlay. and bell-spizot sz overlay

ST Anchor S:vem Lr_..mg——-l-'lch tank

shall he capzble of ze.ng anchared

Nott 1-—T-2 tank suenor svstent (atraps, cables,
turnbuch "en €00 ) sho d Kave e atrength of at Teast
1Y tumes the rramuiraeift fer_e of the empty tank
without bzchiitl an plase

6. Requirements

61 Workpuorl s

611 Exicnor Sughee—Trhe externn surface
shatll be relainely » smooth, =:ih no sharp pro-
fections Hesd wesk finet 5 accepteble
enough resir 1s present o efminate fiber show.
The extenor surfuce shall e free of blisters
larger than “ran. {17 mm) i dameter., delam-
ination, znd fiber show

61 2 Intersar Sumuce--Toz interior surface
shall be resin-nch with no coposed fibers The
surface vhall be fres o7 crazi-g, delaminanon,
Blisters. g annties of o, (32 mm} or
greated i depth Susfuce pro thall be permatted
up to A7 53, m e they are less than 'y in
(1% mm}in otz and s than Ve in (16

Ll
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mm} deep Veads entirely beneath the surfuce
of the lsmunite. that cannat he brokon with
finger proware, shall be permitted up to 4787
§43mo) of they are less than Yg. (13 mas) in
dhameter

62 Repars-Any taab may be repasred
priot to shipmeat, provided the repasred tank
mects il requitements of this specification

& 3 Dimensvons—The dunensions shall by as
provided in thes specutication when measmed
in accordanuewnth §2 4,

61 Inude Dlumeter—Nominal inside i
armetery shall be 38 in (1219 mak 72 in (1828
mm) 30 ia {3296 mm), 92 {n (0337 anm), 118
i, {2997 pun). 120 in (3048 mm), and 138w
{3303 mmy) Toleranceshallbe 21 % of gomital
inside diaeter, Other diameiers, as agresd
upan between the purchaser sud the manuluc-
tueer. may be speaified.

6311 The cyhinder wall of the gank sy he
tapered but shall not dveeed 0 5° per ude The
taper. if any., sball be additive 1o the nomiaal
nside diameter

Mestt 2="Vhe eybader wall of the tank may fave
fit added which will merease the sutade diarueiv
subistantally

£.3.2 Thickaess—The minimum  cylindes
wall thackness und mmimum tank-head tich-
ress shall be 0 20 in 5 mm).

633 Tank Nead--The tank kead shall have
# knucklk rading (KR} equal to of greiter than
003 vmes the head damater (13). but never
feos than 1% m (38 mm), The tank head tadie
1R or HR) shall be equat to or lgws thun the
head digmeter (D) Typical tank heady aee
shown o Figs 3 tunugh 6 Other head shapes
arg adlowed provided all other perbormadnee
requirements arg achieved.

6.34 Sweal  Fiemg  Drometers— Standaid
threaded Steel (NPT} firtiag dwmasters shall be
Gwm, 0w, i, 1m, 20 . 2%, 30
in, 40 m, 60 in, and B0 m Typual wnd
fiungs are shown in Fig, 7,

833 Remforced Piaste Fving Dimoress-.
Standand fiherglass remforeed plasic (1R
Hanged fitting diametersshalbbe 20 m 3 0.
4060w KGm. 00in. 12040 140,
0w, 180 in, and 200w Typrcad FRP
flanged fuings are shown in Fig 7 and dinen-
sy are Inted i Tahles 1 and 2

64 Lawernnf Lood Regurements-~The vom-
plee tank wih flitings, maaaay s Bl whe, el

P | e P
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attached, shall meet the $2 equiroments
when tested tn aecordatze wih 43

641 Eth Load—TE;: seh ~hen installed
with 3 36 % 3 in. {914 = 75 mupsl ener on op
of the tank, shall ot lext. 238 -~ geflect more
thisn 27 of the unhaekiilicd. L-loaded nk
vertical dismeter when measerd at a fitting
near the center of the tank

542 The tank wher invallelwitha 36 £ 3
in. (914 = 76 mm) covar w0 100 of the tank,
and wih 2 comncemraied loal of 22400 b
{10 165 kg) applied at the vurfe.2 of the cover,
shall not leak, fasl, or Eatleot more than 2% of
the unbackfillad, unlozded 127\ vertical dum-
eter whin measuzed 1t ¥ iz 2ear the center
of tha 1ank.

8.4.3 Externe! Hvdrosioie Pressure

6,4.3 1 For tanks 1o 52 (astzded gt depths of
cover fo 36 £ 3 in, 1304 = T8 mm) the tank
shall waithstand, wheo s alles with 36 & 3 in.
{314 & 76 mm) of cuver o5 dop of the task. an
external water-pressuse boad squal 1o the di
Anmeter of the wak pas 3o = T (914 2 76
mun) ‘This exlernal wier pves: are shall be held
for 24 h The tank shat rat besk, il or deflent
more than 2% of thz w-2adUilled, unloaded
tank vertical drameer shes meawured ot g
fiiung near the center of the "zak

643,11 Fot tanks 0 b Datulfed a0 depths
of eorir to 36 % 3 1923 % 76 mm, the ok
shiafl wathstand after the 24-5 hold dewaded in
6431, a0 external aaxi-pesssure head-load
equzl 10 the diarater of die tank plus 36 % 3
(Y14 & Y6 mm). and &n adddiona! super-
smposed negative neernal presaire of 53 in
He {18 kPa) The tanh ~hall 2ot Jeak or fail by
otfer means after Toldang A supenmposed
pegelive mnteraal prasseae 22 F aun

64 3.2 For tunks 0 be imsiafied ut depths of
cover greater thiun 36 = 3 4 (414 & 16 mm).
the tank shall witreazd when mytalled with
the dueatred doepth In amebe o 3 dn (desired
depth i anfimaties = 76 mom) of Lover on thy
wip of the tank, an enien2! ~ater-prossueetoad
equal 1o the dimater of the tanh plus the
desred depth of cover, Thus external wiker
pressing shajl be hald Tor 24 b The wank shal
not leak, ful, or deflelt roore than 2% of the
unfouded, upbreklHed teng vertwal diameter
when megsured a7 2 eling sear the center of
the tank As 2 abzrn o weshe taak shall with-
stapd. whon szt stk 36 2 Fin (A4 2 76
marjof coveron vz L p ol hetank, anexternad

T e
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water-pressure load equal to the tank diameter
plus 36 £ 3in (914 £ 76 mm})and an additional
superimposed negative internal pressure equal
to the [(depth of cover in feet — 3 f1) X 08326
in of Hg/ft] ([depth of cover in metres ~ 0.914
m) X 978 kPa/m)]) This total external water
pressure plus the superimposed negative inter-
nal pressure shall be held for 24 h. The tank
shall not leak, fail, or deflect more than 2 % of
the unbackfilled, unloaded vertical diameter
when measured at a fitting near the center of
the tank.

6.4.3 21 For tanks to be installed at depths
of cover greazr than 36 + 3 in. (914 £+ 76 mm)
the lank shall withstand, after the 24 h hold as
detailed 1n 6.43.2, an external water-pressure
head equal to the tank diameter plus desired
depth of cover in inches + 3 . (desired depth
of cover in millimetres £ 76 mm) and an ad-
ditional supenmposed negative internal pres-
sure of 5.3 in Hg (18 kPa). The tank shall not
leak or fuil by other means after holding this
superimposed negative internal pressure for 1
min. As an alternative, the tank shall withstund
after the 24-h hold detailed in 6 4.3.2, an exter-
nal water-pressure head equal to the tank di-
ameter plus 36 x 3 in. (714 + 76 mm) and an
additional superimposed negatne internal
pressure equal to the [(depth of cuver 1n feet
— 3 fi) x 0 5826 in. of Hg/[y ([(depth of cover
in metres — 0.914 m) tmes 9.78 kPa/mj}) plus
5.3 . Hg (18 kPa). The tank shall not leak or
fail of other means after holding this superim-
posed internal pressure for 1 min.

65 Internal Pressure—Tanks of diameter
120 in, (3048 mm) and less shall withstand 25
psig (172.5 kPa) and tanks greater than 120 1n
(3048 mm) in diameter shall withsiand 15 psig
(103.5 LPa) when tested 1n accordance with 8.5,

6.6 Futing Mlfoment Load Ruting—Fitungs 2
in. and smaller shall withstand, without dam-
age. a moment Joad of 1000 1bt+ft (1356 N-m)
and fittings greater than 2 in shall withstand,
without damage, 2 moment load of 2000 1bf- ft
(2712 N-m) when tested in accordance with
8.6. After the test the fitting shall not leak when
tested in accordance with 8.8,

6.7 fuiing Toryue Loud Raung—Euch in-
stalicd fitting shall withstand. without damage,
the loads in Table 3 when tested in accordance
with 8.7. After the test, the fitting shall not leak
when tested in accordance with §.8.

6 R Leubaze---When tested in accordance
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with 8.8, tanks of 120 il: (3048 mm) diameter
and less, complete with attachments, shall sot
leak at a pressure level of 5 psig (34.5 kifa), and
tanks greater than 120 in. (3u48 mm) diameter,
complete with atiachments, shall not leak at a
pressure level of 3 psig (20.7 kPa).

6.9 Internal Impuct Resistance—The inter-
nal tank wall surface shall withstand, without
visible damage, the impact of an 0.8 1b (0.36
kg) steel ball when tested in accordance with
8.9.

6.9.1 After impact with the steel balt as de-
scribed in 6.9, the tank shall not leak when
tested in accordance with § 8.

6.10 Lifring Lug Loading—All lifting lugs
must meet or exceed a load rating equal to two
umes the weight of the empty tank when tested
in accordance with 8.10. The tank, as a result
of the test, must not leak or suffer other dam-
age. If the tank has more than one lifling
device, the devices shall meet the requirement
in combination.

6 11 Negatwve Pressure—The tank shall
withstand negative pressure of —2.5 psig (—17.3
kPa) when tested in accordance with 8.11

6.12 Material Properties—The following
propersties shall be established for each type of
construction used in the tank using lest speci-
mens obtained in accordance with 8.12.

6.12.1 Material composition in percent by
weight shall be determined in accordance with
8.12.1.

6.12.2 Flexural strength in the hoop and ax-
ial direction shall be determuned in accordance
with § 12.2.

6 12.3 Flexural modulus in the hoop and
axial direction shall be determined in accord-
ance with 8.12 2

6 12.4 Surface hardness shall be determined
m accordance with 8.12.3. The minimum value
shall be not less than 90 % of the resin manu-
facturer's minimum value for the cured resin.

6.13 Chemcal Resistance—When tested in
accordance with 8.13, the log of percent reten-
tion of each property afier immersion testing,
when plotted against the log of immersion time
and extrapolated to 100000 h, shall assure
retention of at least 50 % of the initial proper-
ticy

No1e 3--Chemical testing s conducted to deter-
rune the applicab:lity of the tank materals of con-

struction to specific u-e condittoms It s aot consid-
ered to be a quality control procedure
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7. Quality Control

7.1 Examination—Each tank component
shall be examined for dimensional require-
ments, hardness, and workmanship.

1.2 Leakage—Each tark shall be tested in
accordance with 8.8 to dztermine conformance
with 6.8

1.3 Negative Pressure—Each tank shall be
tested in accordance with 8.1{ to determine
conformance with 6.11.

7.4 Composition Coniral~—Controls on glass,
re~n, fillers, and additives shall be maintawned
for all manufacturing processes and for ¢ach
portion of tank fabrication. Records shall be
maintained of these control checks. Proper
composition may be shown by glass usage
checks. by glass and resin applcanon rate
checks. or in accordance with the material com-
position test in 8.12 L.

NotL 4—Weighing of finished parts and periodic

testing for matenat properties may provide additienal
assurance of quality.

8. Test Methods

8.1 Corditioning—Conditioning of the test
specimen is not required unless otherwise spec-
tfied by the test method referenced. When re-
quired, conditioning of the specimen prior to
testshall be at 73.4 £ 3.6°F 23 £ 2°C) and 50
1 5 % relative humidity for not less than 40 b,
in accordance with Procedure A of Methods
D 618.

8.2 Test Conditwns—Tests shall be con-
ducted at ambient temperatures without any
special controls on temperature or humidity,
unless otherwise specified 1n the test method
referenced,

8.3 Dimensions:

8§ 3.1 Mcasure dimensions other than thick-
ness with a steef tape with graduations of b 1n
(2 mim} or less

§32 Thickness —Measure 1o the aecarest
00 1in (025 mm) with a micrometer, caliper
gage. or other suitable mstrument. Make 2
munimum of one thickness determirauon in
each 10 ft” (1 m%) of tank wall surface and tank
head surface. Through reguons of taper. make
suflterent checks to establizh actual thickness

8 4 External Load Tess,

84.1 Tank Sample—Test tanhs of each di-
arieter used, In the case of tanks with the equal
diameter, but of diffcrent lengths. westing of 1he
longest tank shall confirm performance of

D 4021

shorter leagths provided the wall thivkness 15
comtant If wall thickness varies with length,
test each tank o prove conformance.

8.4.2 Teut Preparatign-—Install the tank in a
pit large enough to allow a minimum of 12 in.
{305 mm) distance from the sides of the pit and
the tank surface. The pit may be one with ngid
walls, such as concrete, or may be an excavation
in the ground with a soil-bearing pressure va-
pacity of greater than 3500 Ih&/ft" (168 kPa).
Determine the depth of the pit by adding to the
tank dsameter a backfitl bed of 12 in. (305 mm})
and a hackfill cover of 36 = 3 in. (914 % 76
mm).

8.4.2.1 The bed, side support. and cover ma-
terial shall be a nawrally rounded aggregale
with particle size not less than % in. or more
than % in. (3.2 10 19.0 mm) in diameter and
shall be clawified as free flowing As alterna.
tives, either an angular material, clean and free
flowing, with particle size not {ess than % in, or
more than Y . {3 2 to 13 mm) in diameter or
a clezn, well-graded sand with maximum par-
ticle size of ' in. (3 2 mm) with no more than
8 < fines passing a 200-mesh sieve may be used,
In the casc of sand, take care to compact the
material o a density of at [east 85 % of the
maxumum, as determinad by Mcthod D698,
Theve materials shall meet the requirements of
Specification C 33 for quality and soundngss.

8.4 2.2 PMace the tank on a 12-in. (305-mm)
bed composed of the material described in
8.4 2.1. Take care 10 en~ure that the tank is no
closer than 12 1n (305 mm) (o the sides of the
pit.

8.4.2.3 Anchor the lank to prevent float-out
during tesung. Place the anchoring at the po-
sitions provided on the tank.

8.4.2.4 After anchoring, place the material
described in 8.4 2 | around the tank uniformly
around 1o the top of the tank. Take care to
ensure that the materizl is pliced under the
1ank and 1ank heads.

8.4.2.5 Use the material described in 84.2.1
as the cover for the tank and place it to the
ground surface or top of the pi. The depth of

-the cover shall he 36 £ 3 in {914 £ 76 mm).

84.2.6 The tank shall be fitted with a vent,
£l tube, and outlet prior to heginning the test.
843 Cover Load Test--Subject the tank to
a load impused by the cover over the top of the
tank as desertbed in %4 2.5. Measure the
change i verucal tank diamewr at a fitting
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near the center of the tank before and after
cover. .

8.4.4 Concentrated Load 7evt--Subject the
1ank 10 a concentrated load of 22 400 1b (10 168
kg) Apply this Yoad to n load-bearing plate 20
by 20 . (500 by 560 mm) at the top of the
cover material. Measure the change in vertical
tank diameter at a fitting near the center of the
tank.

8.4.5 External Hydrontatic Pressure Luad
Tesr:

84 5.1 For ianks to be installed with 36 = 3
m (914 = 76 mm) of cover, floud the pit with
water to a distance 36 = 3 1n (914 + 76 mm)
above the top of the tank. The tank shall be
empty and anchored J.eave Lhe tank in the
fully fiooded pit for 24 h. Measure the change
1n vertical diameter at a fiiting neur the center
of the tank )

84.5.L1 For tanks to be nstailed with 36
= 3 1n (914 £ 76 mm) of cover. flood the pit
with water as dusenbedn §4.5.1 Afier the 24
h have elapsed. supenmpose 4 negative internal
pressure of 5 3 1o Hg (18 KPa) on the 1ank z2nd
hold for 1 mun. At the end of the 1-min hold,
ermunate the test

§4.52 For tanks to be installed at denths of
cover greater than 36 &+ 3 in (904 £ 76 inm)
install the tank in a pit deep enough to allow
for the pit to be flooded wiih water to a height
zhove the top of the tank vqual to the depth of
cover desired In this test. the pit should be
deep enough to allow for a hed. as describwed in
8.4 2, plus the depth of cover destzd The tank
shall be empty and anchoted Flood the pa
with water to a disiance equal to the depth of
woverdesited £ 3 in (276 mm). Leave the tank
in the fully flooded put for 24 h, Measure the
change in verrical diameter at & fithing near the
cenier of the tank Alternatively, this test may
be run as described n 815 | with a superun-
prsed negative internal presauce equal to the
(dzpth of cover in feet — 3 i) X 08826 in of
Hg/ft (ftdepth of cover in millunetres — 0 914
m} X 978 kPa/m]} added in tius alernatine
test, maintain both the 36 = 3 1, (914 & 76
mm) of water over the top of the tank and the
superimposed regaive int=rnal pressure for 24
h Measure the change in vartical dumeter at
a litung near the center of the tank

§4521 For tanks o be wsialled ot depths
of cover graater than 30 + 310 (Y12 1 76 mm}
irstell the tank gsdeseribed in 84 52 Afie-the

6
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24 h have elapsed. seperimpose 2 negative in-
ternal pressure of 53 in. Hg (18 kPa) on the
tank and hold for 1 rmn. Terminate the test at
the end of 1 min

8.5 luternal Pressure Testy

8.5.1 Tank Sample—Test each tank of a spe-
cific diameter, wall thickress, or configuration
and head thukness. or cenfiguratton or com-
bination of these. Ia the case of tanks with the
same drameter but diffarent lengths, testing of
the longest tank shali confirm petformance of
the other lengths. provided the wall thickness
is constant.

8.52 Tew Procedure—Test cach size of tank
t be tested 10 the Tequired pressure level,
holdng the preasure for a period of | min. Run
the test uang @ pressure page graduated
increments of 1 paig (59 kPa) or less. Future
o hold the required pressure, with a 10 % drop
aliow ed for preasure sezdement. 15 indicaiion of
failure. The test mas be performed by two
difterent methods. hyCrosiatic or aerostatic

8521 Kydrosiatic Test (Przferred
Mectbud)-- Fill the tann wich waler and impose
an air surcharge te produce the required total
piessie Tahe care to ensure that the ank 1
supported in a manner to prevent the devel-
opment of tigh bending siresses

8.5.2 2 Aervyanc Tesi—Piace the tank on a
hotizontzl plane surfzee wih no addmonal
support Take care by performing the festin an
isulated arca.

86 Fuung Mowemt Tet—Apph rmoment
loads to tank filings throush o ppe attached
to the fitng The mement arm shall ke auch
that the reguired loads can be apphied inincre-
meats of 001 (454 kz)p Apply the loads in
least the tanh arcumfe-zneial and longitadinal
dizedtion

8.7 Fuing Turque Test—Apply inigue foads
tu the tank fittings. Tramamut the applied loads
{0 the fitiings throuzh 2 Ring plug attached to
the fitting 10 incremenss of 50 1b (22 7 bg)

88 Leankage Tess—Subject the tank 1w an
acrostatic e w0 the required pressure level
abuove ground witheut special suzpport. vsing a
pressure gape graduzied in 0 25-pag (175K Pa)
iucremens o less While holding at the re-
quanted pressuie level scap the entire tank with
a hqud compaed of water and leak-tes flud
or detergent Alier sooputg, chaedk the tank
visuaily for leads ziving specidl attention o
tank opentngs
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8.5.1 The pressure may drop 1n this lest as
the tank makes a temperature adjustment. Do
not start the leakage test unul the pressure
settles and the tank holds the pressure. Make
adjustments to the lank pressure to maintain
the required pressure during this setthing pe-
nod.

8.9 Internal impact Resistance Test ~Bed the
tank on a sand bed. Compact the bed well and
take care to ensure that the tank bottom is in
full contact with the bed. Posution 2a 0.8-1t
{0 36-kg) steel ball at a distance equal to the
diameter of the tank above the 1ank bottom.
Release the steel ball and allow it to free fall 10
the tank bottom.

§ 10 Lifting Lug Strength Test-—T1est a tank
with the hifting lug installed. Place a foree to
the required lesel on the Lifting tug Apply this
furce mn a vertical plane, tuking care to ensure
that no load. other than in the vertical plane, s
apphied If the tank has more than ene hfung
lug. test them in combination with the total
load equal to the required load 1n accerdance
with the manufacturer's recommendalion on
spreader bars, ete,

8 11 Negative Prevsure Test—Perform this
test on a tank lying in a horizomal plane with-
out special side support, using a vacuum pump
capable of reaching the reqrured negative st
pressure and a mercury manometer graduated
in increments of 0.1 psig (70 kPa) or less. The
test level need only be reached to prove con-
furmance,

B.12 Material Properties-~ Specaimens taken
from a tank should be used, if possible, 10
establish material properties It not pussble
10 take the specimens from a tank because of
dimenstonal reguirements for testing or the
nzed of flut specimens for strength property
tesls. the specimens shall be made independ-
cntly of the tank but, in any case, must be
conmstent in all respects with the construction
of the tank

8121 Matertul Composicion - Determine
composition  in accerdance  with  Method
1) 2584, For specimens with fitlers or addunves,
or both, separate the restdue o fts compo-
nents (plass, sand, cte.) in orcder to determine
the glass content

K122 Flexural Strength and Modkdus - De
ternune the flexural strength acd moditus in
aawordance with Method ) e

D 4021 .

8.123 Surface Hardress- Determine  the
hardness in accordance with Method D 2583.
The frequency of checks shall be no less than
four random poin:s per comporent part.

8.13 Chemucal Resistance--The testing pro-
cedure for measuring chemical resistance shall
conform to Methd C 581 with the exceptions
noted below

8131 Test Srectmen  Construction—The
basic test specimen shall be fabricated in a
Manner COmISEN: 0 every way with the tank
constructton Faciors to be considered include
pereent glass, tpe of glass, resin, catalyst vys-
tem. post-cure. fillers and additives, and
whether or not air 1y excluded from the speci-
men surfaces dunrz cere

8.13.1.1 If the specrmen 1s to be tested in an
eavironment umutaing a contained substance,
a resin-rich layer may be added to the exierior
purtion of the specimen This second resin-rich
surface. nut presen: in the iank 1tself, shall be
of the same consiructivn and thickness and
made with the same constderations, (that i,
exclusion of airy 25 the primany layer on the
oppusite side of the specimen. Where a dual-
resin constiuctivn is used, this second 1esin-rich
layer should emplc, the sume resin as the first.
Cut cdges shall be ~zalad with the resin uedin
the resin-nich surfaces.

8.13.1.2 Ithe specimen 1s to be tested in an
environment simulziing soil conditions, it shall
be that described 1z 8 13 1 Cwt edges of the
specimen shall be szaled with that resin used in
the outer surface of the tankh.

8 13.2 Tost intervuls for the specimens shall
be determined by st temperatare selecied
When testing at Z7.8°C (1007F) specimens
shall be drawn agd tested afier 1| month, 3
months. and 6 mczths of imnerston in cach
test medium. Wher testing at 23°C (734 °I)
specimens shall be Jrawn and tested after |
month, 3 months. ¢ months. and 12 months of
mmension i ecch test medum It may be
advisable o inclade an entra specimen in the
test at the ume of t*¢ initial immersion in the
event it becomes nelessdry o extend the test
interval because ¢F ineonclushe results. Tor
applications that wil require heated fuel or
oils, the test interal shall be | month, 3
monaths. und 6 mor s,

8133 Tewr Mewo-Test media shall be
those spuified in Tenle 3 For apphication that
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. will require heated fuel or oily, an additional
test media shall be the materials stored in the
tank.

8.13.4 The temperature for the test mediain
Table 4 shall be 23 = 2°C (734 £ 3.6°F) or
378 = 2°C (100 & 36°F) and 15 dependent
upon the testing intenal selected from 8 13.2,
For fuel or oils that require elevaled tempera-
tures, testing shall be at least at the maximum
service temperature,

8.13 5 Imterpretation of Results:

8.13.5.) Propertiex 10 be determuned initially
and after each test period are flexural strength
and flexural modulus {both in accordance with
Method D 790, Method I, Procedure A). and
Barcol hardness (in accordance with Method
D 2583) of both the mtenor and exterior of the
Jaminate. In the case of so1l conditions testing,
no exterior Barcol hardness 15 required ‘The
specimen should be fully cured before imitial
properties are obtained.

-8:13.5.2 Note any eitect upon the immersion
medum_or specimen observed during yirual
inspection_and_use 1o augment phyasical data
determining the suitabiliy of the tank in_any
green medium.

£.13 5.3 Plot the log of percent retention of
each property {see 8 1335 1) after immersion
testing (versus intialy against the log of immer-
sivn time 1n hours {see Fig §).

9. In-pection

9.1 Inspection of the natenal shall be made
av agreed upon between the purchaser and the
supplier as part of the purchase contract,
10. Rejection and Rehearing

10 1 Tanhs that fail ¢ conform to the re-

- e = wm s em
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quirements of This specification may be re-
Jected Rejection should be reported to the
manufactureror supplier promptly and in wiit-
ing. In case of dissatisfaction with the resufts of
any test, the manufacturer or supplier may
make a claim for a rehearing.

11. Certification

1i 1 When requested by the purchaser on
his order. a cartification shall be made the baws
of acceptance. This shall consist of a copy of
the manufacturer's test report, or a statement
by the supplier, accompanied by a copy of the
test results, that the tank has been sampled,
tested. and inspected in accordance with the
proviaons of this specification and meets ail
requiremnents. Each certification so furnished
shall be signed by an authonzed agent of the
suppher or manufacturer. - ,

12. Marking

121 The tanks shall be marked with the
following information:

12.1.1 This ASTM designation

12 1.2 Manufacturer’s name or trademark.

12.1.3 Manufactuning scrial number.

12.1.4 Instzllation mnstructions (to be printed
and adhered. at the manufacturer’s option, 1o
the tank. Pricting shall be typewritten size or
larger).

12 1.5 Warning and caution statements'

12.1.5.1 Keep tank vented,

12.1 5.2 Maximum test pressure, 5 psig or 3

sig,

121.5.3 Do not drop tank, and

12.1.5.4 Caution: Do not fill before backfill-

tng.

et
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TABLE I Pupe for ERP Fietings

Nati--Pipe wall thiehtewes 2 outined e this lable, e
in accardanee with Specfcation D 312v9

Pipe Suxe Minnmum Wl Thelnew
n _mm n mm
Cunmﬂ Molded i-RP l’ e e Mintmu W .1.] lhn. Loew
2 5[ s 4%
3 76 Sor 48
4 102 Yim a8
6 152 Ve 48
8 am H™ 48
16 254 Y 4R
12 305 Yo 48
i4 356 s
16 A0n =
18 457 N
21} 508 i,
Filament- wound I-Rl' }'Ir\r M
2 T3l
i T6 LB
4 102 0180
6 152 0130
8 203 axm
1)) 234 0200
2 Jos 020

TABLE 2 Minimum Flange [l hness for 2P Fittings

Nore E—These values arz based oo Rai-fated Nanges
with fal'-fece g hats sustable for petrelean-based oy and
fueh

Nore 2—Flange dimensicns (cseept thykness) 2ad bolt-
ing coaforar 10 ANSEBI6 5 for 150-Ib steel Ranges

Ko 3- -Flange thivknesses as vitlined i thes table are
in actondance with Speuifivation [3 1299

Noti 4—Tlus table 1 haswed op o salen tactorof 8w
and u flexural strength of 20 () pa (14 A1)

Pipe Sue Munmer Flange Tnik-

e~y
in mm in mm
1 51 [ 127
3 76 n 127
E] 2 3 127
b 152 % 127
E 201 v, 123
w 254 g, "3
12 305 ' 1vn
13 356 Ve 203
16 W% T 22
Is 457 i 224
a0 508 1 54

4
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TABLE 3 Titting Torgue Load Requirement<

Fitung Size Torgue Load
m mm bl fi N.m
075 2 167 226
a0 25 200 8
125 32 242 328
150 3 258 350
200 51 215 n3
2258 64 292 U6
m 76 300 407
400 102 K1y 430
600 152 350 £75
800 203 i 519

TABLF 4 Test Medrs for C hemical Resintunce Test

lmermr Surface

ASI M Rc.g reme I'Lcl C (;n spuu‘u.r.! i Methad 1) 471)
Commerual yaleaded premium pasoline

Unleaded gasoline, ethyl uleohol 9 1o 10 % blend gasohel
No 2 Fuel Ou

Distilled water

Sodism carbonate-sedium biarbonate solunon (pH = 10)
Potassanm biphthalate buffer (pif = 4)

Matcrial 1o be contsined 1n the tank if uther than aboe

Extenor Surlace

Sodsm chlorde seturated solution
Sudium carbunaie-sod.um brarbuadte sviviion simulanng
alhtline so:l {plf = 1)

Potassium biphthalate bulter sumulating At set { pH =4) "
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Discusses various product recovery alternatives including their
relative advantages and discdvantoges.

by Steven B Blake and
Richard W. Lewis

Product Migration

Once hydrocarbons are lost
throughleaksorspills to the ground,
their behavior and ultimate fate
become dependent on the local
hydrogeologic conditions. 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 native
soils. thus they offer a low-resistance
migration route. A spill which might
otherwise have contaminated a rela-
tively localized area can spread
laterally through these zones of artj-
ficially high permeability and make
identification of the source difficult.
In general, the spilled product
will migrate downward through the
- unsaturated zone with some lateral
. spreading. The rate of this down-
ward migration will be dependent’
on the physical properties of the
soil. the type of product and the
volume of product spilled. The
greater the permeability and volume
of the spill and the lower the viscos-
ity of the product, the more rapid
the migration of the spill. The down-
ward migration of the product will
eventually be stopped either by
retention’ fn the solls, an imper-

meable barrier or the water table.
If the migrating product en-
counlers a large enough volume of
soil, all of the product may become

40
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pellicular and effectively immobil-
ized before jt reaches the water
table. The immediate hazard of
ground-water containination in this
instance is reduced. however, subse-
quent recharge from prec:pltauon
will transport mobile componenls
of the hydrocarbon to the aquer.f
The volume of product retained by
the soil will be dependent upon the
soil characteristics (1 e. porosity and
pore size distribution) and the type
of petroleum. Some general guide-
lines for the estimation of residual
saturation have been presented by
the APl {(Amencan Petroleum Insti-
tute 1972). Based upon a "typical”
soil with a porosity of 30 percent.
the AP} gives residual saturation
values of 0.10 for light oll and gaso-
line. 0.15 for diesel and light fuel oll,
and 0.20 for lube and heavy fuel oils.
These residual saturation values are
given as a percentage of the total
porosity of the soil

If the hydrocarbon encounters
an impermeable barrier, it may
spread along thislayer and gradually
be retained by the soil until it
reaches an immobile state. However.
iftheleak continues orif the volume
of product is large enough, it will
accumulate on this layer and flow
downdip until it reaches an outcrop
and fonnsa surface seep orencount-
ers the water table.

If the product manages to reach
the water tabie. several things may
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take place. According te the APl
(1980). as the oil encounters the
capitlary zone it cannot displace
much of the capillary water and .
migrates around the water-filled .
pores. When it enxcounters water, '
which it cannot bypass, the weight
of the oil begins to depress the water  :
table. The water in the capillary -
zone tends to inhibit the oil's move- !
ment, thus the oil spreads over and
through the capillary zone. With
enough time and no addition of new
product, the oil will spread to a .
¢ritical thickness and stop moving,
This critical thickness is only a
fraction of the thickness of the
capillary zone, with theoil forming a
panczke-shaped layer over the water
table. However. field observations
indicate that the behavior of the
migrating product is sometimes
quite different fromn that described
in the APl article. If alarge volume of
oil is spilled or if the downward
migration of the oil Is quite rapid
and localized. the o#l will depress the ; -
water table and a lens of ofl will be _~
formed. The oll will then flow with™ ~<
the water and move downgradient
as a unit. These lenses can be several
feet thick and have a very limited
dispersion front.
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Spill Evaluation
The procedure used in evaluat-
ing a spill will vary depending on
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site-specific conditions. Thus, a
methodology used 1a one locatlon
may not apply to a different hydro-
geologic environment. Variables
such as the mobility of the product,
the lacation of the spill relative to
man-made structures and the
potential hazard imposed by the
spill will all play a role in selecting
the procedure to be followed.

In general the first step to be
taken is to locate and remove the
-source of the hydrocarbon contami-
nation. Normally the source of the
product is located near the area
where the product has been detected
on the water table. Since ground-
water movement is generally quite
slow [on the order of a few inches to
a few feet per day). it takes several
years for the product to travel a
significant distance. However, in
some instances the contamination
may not be detected for years and

. the product can migrate hundreds

of feet from its origin, making the
location of the source extremely diffi-
cult

A physical survey of the area
should be made to identify facilities
which could be contributing to the
problem. Utilities and petroleum
companies should be contacted as
to the location of any underground
lines, storage tanks or surface
impoundments. These facilities
should then be plotted on topo-
graphic maps. Although this initial
ficld survey may not locate the
source exactly. it should provide the
location of several suspected sources
which can be evaluated more closely.
In addition, the locations of any
existing wells penetrating the con-
taminated aquifer should be located.
These wells can be used to deter-
mine the ground-waier gradient in
the area and to provide information
on pumping wells which might
influence the migration of the
product.

_ The next step in the evaluation
should be the installation of moni-
toring wells to provide information
on; 1) the areal extent and thick-
ness of the product. 2) the type of
product spilled, 3) ground-water
quality. 4) the local ground-water
gradient and 5) the general hydro-
geology of the site.

Monitoring Well Design
Placement of the screened por-
tion of the well is critical when
monttoring for the presence of
hydrocarbons. The wells should be
mstalled such that the screened
pesrtion extends several feet beneath

the ground-water table and is still
open to the water surface so that
product 1s free to migrate into the
well. The screens should be long
enough to compensate for seasonal
fluctuations in water-table levels,
and should be constructed of
materials which are resistant to !
hydrocarbons. The size of the inoni- 3.
toring wells will be dependent on'’
their expected current and future
use. If the wells are to he installed
only for contaminant samphng.
determination of fluid levels, and
collection of formation samples dur-
ing drilling: 2-inch diameter wells
are sufficient However, if the wells
are to be used for future recovery of”
the product, they must be large
enough to house pumping equip-
ment

Well Placement

Monitoring wWells should be
installed initialty at the location
where the contamination is first
detected and then upgradient inan
attempt to delineate the Source of
the contamination. In addition,
monitoring wells should be placed
on the periphery of the spill to monl-
tor any further migration of the
product, All monitonng wells should
be surnveyed in and a bench mark
established so thar fluid-surface
elevations can be determined and
ground-water gradients established.

Sampling and Product
Detection

When large amounts of oil are
present on the water table, their
thicknesses can be determnined by
using a steel tape with water- and
oll-finding pastes or with electronic
resistivity probes. Both Lhe level of
the fluid surface and the ofl-water
interface should be recorded so that
the shape of the hydrocarbon pool
and potential migration routes can
be evaluated. If large 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 petroleumn products have a
characteristic odor. An experienced
person can even tell with some
accuracy the type of product by its

smell
Samples should be taken to

determine both the nature of the
hydrocarbon and its concentration
in the water. The solubility of the
hydrocarbon In water will be depen-
dent on the product type: however
gasoline has a solubility of between -
20and 80 mg/L (McKce etal. 1972}~

Samples to determine the concen-"*

tration of dissolved hydrocarbons
should be taken in glass contatners.
The sample bottle should be only
partially filled to avoid the loss of
any floating oil and to permit the
entire sample to be extracted If
necessary. For extraction-type analy-
sls, samples should be at least one
liter or larger. If the sample cannot
be analyzed the day it is taken, it
should be preserved to prevent bio-
Togical degradation of the product.
This can be accomplished by acidi-
fiing the sample to a pH of two or
less with either hydrochloric or
sulfuric acid (APl 1972).

Determining the nature of the
hydrocarbon is also very iinportant
when trying to trace the source of
the contamination. Methods are
available for determining hydro-
carbon type fromdissolved. vapor or
rccovered samples. However, when
the results of these or othertests are
interpreted, the possible effects of
weathering of the product must be
considered. For Instance; 1) certain
components of gasoline may volital-
ize. 2) some of the components
(particularly aromatics) will dissolve
inwater, 3) straight chain paraffins
arc susceptible todecompesition by
bacteria. and 4) olefins may be
oxidized in the presence of sunlight
(AP11972). Thus, the interpretation
and identification of the hydrocar-
bons should be done by personnel
experienced in these procedures.
Although the weathering of the
product can make identification
difficult. it can also provide infor-
mation on the length of time the
product has beenin the ground and
the direction of migration. Since
certain components of the hydro-
carbon will be preferentially retained
on the soils and others will be dis-
solved in the ground water, these
losses can be identified as the
product moves downgradient, giving
an indication as to the proximity of
the sample to the contaminant
source.

Recovery Altematives

Due to the many and varied
conditions which can affect the
migration and recovery of a product
spill. recovery systems raust be
tailored to each specific site. The
hydrogeologic canditions. the extent
and volume of the spill. the type of
product, the potential and/or
immediate hazard imposed by the
spill and the available equipment
will all play a part in the selection of
an appropriate recovery system. A
discussion of some of the available
recovery alternatives and their
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advantages and disadvantages
follows.

Interceptor Trenches

Small spills encountering a shal-
low ground-water table or a barrier
to vertical migration can be con-
tained and recovered with a trench
or drain system designed to Inter-
cept the product. The materials and
equipment necessary to install the
sysiemare generally locally available,
the system is not complicated and it
can be installed relatively quickly.
There are several factors to evaluate
when considering an interceptor
system: 1) the trench must bisect
the entire width of the spill in order
to contain it so the spill must be of
relatively limited extent: 2) due to
soll instability, the volume of
material which must be removed.
and the excavation equipment avail-
able. the depth of the trench systems
is normally limited to 6 to 8 feet:
3) skimming 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 has been exca-
vated. an impermeable barrier
should be installed on the down-
gradient side of the trench to stop
the migration of the floating product
but allow the water to pass under-
neath. The trench can then be left
open and skimmer systems em-
ployed to remove the floating
product (Figure 1). 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 the advantage of produc-
ing very limited amounts of water
for disposal. However. the rate of
recovery Is slow since the system
relies mainly on the natural gradient
to transport the oil to the trench.
The pumped trenches are more
effective and provide for more rapid
recovery, because a gradient Is
created toward the trench. However.
much larger volumes of water which
may contain unacceptable concen-

must be disposed. i

Recovery Wells

Recovery wells are by far the
most popular means of product
recovery from water-table aquilers,

;.

trations of dissolved hydrocarbo;-,s- 3

g
=
&

If designed properly, they will pro-- .3

vide for an efficient and normaily
faster recovery of spilled producat
than a trench system. By creatinga
cone of depression in the water
table, a gradient Is established

toward the well and product within -

this cone is dirveted to the well and
can be removed.

Well Design and Operation
Design and operation of the
recovery wellor well systemn is critical

3
3
ES
¥

7

to the rate of recovery and the total -

volume of product removed. The
well should be designed to maximize
efficiency while avoiding the pump-
ing of sand Field experience has
shown that the rate of product
recovery is directly related to the
efficiency of the pumping well
Standard water well design pro-
cedures should be implemented for
the sizing of the screen and gravel
pack with only slight modifications.
The screen length will normally be
longer in a product recovery well to
allow for the entry of floating hydro-
carbons. If the screened zone is
placed too deep and drawdown is
not suificient to depress the water
surface to the screened zone, free
floating hydrocarbons may not enter
the well, or product withdrawal from
the well will be delayed untilenough
o1l accumulates outside the well to
depress the ofl-water Interface to
the level of the screened zone
Another aspect of recovery well
designwhich must be considered is
the type and size of screen to be
installed. Continuous-slot wire-
wrap screen Is recommended so
that the percentage of openarea can
be maximized. Field experience has
shown that hydrocarbons provide a
goed medium for bacterlal growth
and that bacterial growth and
clogging of screens is accelerated in
hydrocarbon recovery wells. The
more open area you can provide
initially, thelonger thewellcan bein
operation before maintenance is
required to clean and redevelop the
well to restore its efficiency. The size
of the casing and screen required
for the pumping well will be depen-
dent upon the pumping equipment
which is to be installed. Field experd-
ence indicates that for most single
pump systems the smallest reason-
able dimwmeter for the screen and
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casing is 6 inches. while the smaliest
workable diameter for a twe-pump
‘system is 10 inches.
Operation of the well is also
emely important to the final
’ls of the recorery effort. The
cone of depression should be
adjusted such that it is just large
enough to contain and recoter the
spilied product. Pumping water at
an accelerated rate in hopes of
steepening the gradient to the
pumping well and increasing the
. rate of recovery 1s not necessarily a
good procedure. Although this may
increase the rate of recovery for
some period, it will also result in
decreasing the total amount of
product which can be recovered.
Excessive drawdown will result in
the oil having to migrate through a
larger thickness of sands. As the
product migrates through the
dewatered sand. portions of it will
become pellicular and will not be
| rtecoverable. Even if the pumping
i rate is decreased and the waterlevel
is allowed to rise. studies have
shown that this pelicular hydro-
. carbon will not be reroved by this
water flushing (McEee et al. 1972
and Raymond et al 1976). The
imo’unt of hydrocarbon retained in

aquifer matrix will depend on
e type of praduct and the aquifer
properties. Studies done by McKee
et al. (1972) with unconsolidated
sands having a porosity of 23 per-
cent had a gasoline retention of 7.7
percent of the pore volume or 1.77
percent of the bulk volume. Similar
studies done by Engineering Enter-
prises Inc. on products of lower API
gravities (i.e. gravities between 34
and 42} show that specific retention
for heavier products can range
between 10 percent and 16 percent
of the bulk volume. Thus, the loss
due to retention in the aquifer as
the product migrates to the recovery
well can be significant.

Pumping Arrangements
Various pumping arrangements
can be employed for the recovery of
hydrocarbons in water-table aqui-
fers. The selection of a pumping
system will be dependent upon the
hydrogeologic conditions, the equip-
ment available, the volume and
extent of the spill and the design of
existing wells which might be
-_mployed in the recovery operation.
ome of the options available
include: 1) single-pump systems
utihzing one recovery well; 2} single-
pump systems utilizing multiple
wells: 3) two-pump systems utiliz-
ing two recovery wells; and 4) two-
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pump systems utilizing one recovery
well,

Single-pump systems using one
well have several advantages over
other systems (Figure 3). They are
normally cheaper to construct than
multiple pump systems because
only one puinp Is required and
complicated electronic controls are
not needed to regulate pumping
levels. A simple mechanical float can
be installed toensure that the pump-
ing level is maintained close to the
pump intake to facilitate recoveryof
the hydrocarbons. Alsg, sialler
diameter wells can be used for the
recovery sysiem. However, there are
several disadvantages to single-
pump systems. Separators must be
installed to recover the product at
the surface. They are normally not
as efficient as two-pump systems
because the pump must cycle. The
agitation of the product during
recovery may emulsify the product
and make separation froin the water
difficult. The mixing of the product
and water can result in an lLiicrease
in the amount of soluble hydro-
carbon components retained in the
waste water. Although the one-
pump systemn can be utilized effect-

ively for hydrocarbon recovery, these
disadvantages make them a less
desirable alternative
ne-pump systems utilizing
multiple well points are plagued by
the same problems as the single-
well arangements. However, in tight
formations of low permeability this
arrargement may be the only feas-
ible recovery aliemative.
Two-pump systemns using two
wells are normally employed whena
small-diameter well not capable of
accepting two pumps is already in
existenice at the site of the spill Ifa
wella'ready exists which is screened
in the lower portion of the contami-
nated aquifer, another small-
diarreter well capable of housing a
product recovery pump. screened
higher in the aquifer, can be in-
stalled nearby. Water can then be
withdrawn from the well screened
in thelower portion of theaquiferto
creaie the cone of depression, and
the accumulating product can be
skimmed from the other well (Figure
4}. However. care must be taken to
assure that extensive product
accumulations do not occur in the
water well, resulting in the discharge
of preduct through the water pump.
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Figure 5 Schemctic of two-pump system uhlizing one recovery weli

o

Electronic controls should be in--= A
stalled in the water well which will_ 3
shut the water pump off if product.-;
accumulations becomee severe, or If =5

the product pump in the recovery :
well fails.
Two-pump systems utilizing one

well are generally the most desirble - ¢
recovery arrangement. A water ..

pump is Installed with the intake
near the bottom of the well and
water is withdrawn at a controiled
rate tocreate the cone gf depressfon.
A product pump suspended on a
cable is placed above the water
pump. and adiusted so that the
intake is at or below the ofl-water
interface (Figure 5). Automatic con-
trols are attached at the product
purniip iniake to cycle the product
pump as product is accumulated
and removed. In addition, controls
are installed on the water pump
which will stop the pump if product
accumulates in the well and
approaches the level of the water
pump intake,

There are severs! significant
advantages to this type of system.
The product is separated from the
water in the well and surface separ-
alors are not normally necessary. In
some instances the product can be
recovered, reblended and sold with-
out anyadditional refining, Addition
of soluble hydrocarbon components
to the waste water is minimized,
since the water and oil are not
mixed when recovered. The sysiem
Is fully automated and can be oper-
ated continuously, thus maximizing
the efficiency of the system and
speed of recovery.

Although this recovery system is
normally the most efficient and pre--
ferred alternative, there are several
disadvantages which must be con-
sidered. A larger diameter casing
and screen must be installed to
house both pumps. The equipment
required to operate a two-pump sys-

tem. mainly due to the complex -

electronic controls, {s much more
expensive than that iIn the one-
pump systems. If resistivity probes
are used to detect the product in the
well and operate the product pump.
they require pericdic maintenance
and cleaning. Particularly when
used in heavy products, the probes
can become coated with hydro-
carbon and will not sense the water
interface. Control panels, although
not overly sensitive, are subject to
malfunctions. The most common
problem is fuse fajlure, followed by
failure of control switches, fatlure of
the time delay module used to con-
trol the cycling period of the pumps,
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and faflure of the power supply
module which drives the control
panel and its sensors. With the
exception of fuse blowouts, the con-
trol repairs are not simple to perform

.and require the services of an expert-

“"—"._—.-- L LT T T -

enced electriclan. This can result in
significant loss of time of operation,
thus it §s recommended that spare
controls be kept on hand. These
systems cannot be left unattended
for long periods of time and be
expected to operate efficlently. The
systems must be Inspected at least
wcekly and preferably more often,
In addition, extreme care must
be exercised during the initial start
up and adjustment of the two-pump
system. The water pumping rate
and product pump location in the
well must be adjusted so that the
oll-water Interface Is maintained at

2 constant level in the well Thus,®

the well must be gauged routinely
for several days following start up to
assure that purnpinglevelsare stabi-
lized. The stabilization of pumping
levels In low-yleld wells can be
extremely difficult and well shut-
down due to over pumping is a
common problem Thus, the installa-
tion, start up and operation of two
pump recovery wells should be left
to persannel experienced in this
method of oil recovery and ali of its
pitfalls,

Recovery Equipment

Extreme care must be taken In
the selection of equipment to be
used in the recovery of spilled hydro-
carbons. The safety of the equip-
ment is the overriding factor to be
considered when selecting oil re-
covery equipment The use of equip-
ment not specifically designed or
modified for use In recovery of
flammable petroleum products can
result in hazardous situations and
the endangerment of project per-
sonnel. Thus, the selection and
instaliation of recovery equipment
should be left to experienced pro-
fesstonals farnilfar with the precau-
tions required when working with
hazardous materials. The following
discussion will present some of the
general guidelines which should be
considered when selecting pumping
systemns, but these criterla are not
all inclusive.

Before any water pump is pur-
chased for use In a recovery system,
factors affecting this selection must
be considered. The type of pump,
the materials used In construction
of the pump and the pump’s elec-
trical system must all be evaluated.

Some of the criteria which the water
pump should meet are:

& All parts coming In contact
with the water should be resistant
to the effects of hydrocarbons. Plas-
tic impellers. bowls or rubber bear-
Ings which are-not resistant to
hydrocarbons should be avoided.
These components can swell when
brought {nito contact with oil, result-
Ing in excessive wear or selzure of
the pump. Even In pumps used only
as dewatering pumpsinatwo-pump
well, soluble hydrocarbons con-
tained in the water can cause swell-
ing of nonresistant parts,

® Discharge hoses frum the

pump. assumning the pump is g .

submersible pump, must also be
hydrocarbon resistant. preferably
oilficld discharge hose. If the correct
hose is not selected, it can become
brittle from contact with hydro-
carbons.

¢ Electrical wiring to the pump
must also be resistant to the cffects
of hydrocarbons. Tefion- or viton-
coated wire Is recornmended. The
wire should also have additional
protection to assure that it ts not
frayed or damaged during installa-
tion or routine inaintenance. Splic-
ing of the wire between the pump
and the top of the well should be
avoided.

® Submersible water pumps are
not manufactured to meet specifica-
tions for explosion-proofness. Thus,
every precaution must be taken to
assure that the water pump does
not pump pure hydrocarbons dur-
ing its operation. Controls to protect
the pump from this possibility
shouid be installed.

The same critertallsted forwater
pumps also apply to product pumps
used for skimming the oll from the
surface of the water. The pumping
unit selected should be explosion-
proof. Several manufacturers
market explosion-proof product
pumps and they are relatively inex-
pensive. Another criterion which
must be considered when selecting
a product pump is the viscosity of
the product. Some product pumps
have a limited range of viscosities
which they will handle. This factor
should be explored thoroughly
before a selection is made.

Safety

Safety should be a primary con-
cern during the design, Installation
and operation of any hydrocarbon
recovery system. In working with a
flammable contaminant. every pre-
caution should be taken to mint-

mize the chance of fire or explasion.
Safety personnel famillar with work
involving flammable materials
should be contacted for their
recommendations before work
begins. In addition all personnel
involhed In the installation and
operation of the recovery system
should be briefed on the proper
safety and emergency procedures.

Before any drilling begins, each
site should be clvared to assure that
no underground lines might be hit.
Utilities which might have lines in
the area should be contacted so that
thelines can beaccuratelylocated. If
the dnlling is to be done in a highly
congested area, such as a refinery.
the site should be cleared with a
backhoe as a final precaution before
drilling. The location of old under-
ground product lines or abandoned
lineswhich might contain explosive
vapors are usually not known even
by refinery personnel,

During the drilling and develop-
ment operation, some of the hydro-
carbons encountered in the aquifer
are forced to the surface and present
a hazard. Any machinery capable of
producing heat or a spark that
might ignite flammable vapors
should be kept upwind and as far
removed from the well as possible
The dndling rig should be grounded
to prevent the possibility of static
electricity producing a spark. Smok-
ing should be prohibited within the
area surrounding the well. and fire
extinguishers approved for use on
petroleum fires should be avatlable,
Alr rotary drilling of hydrocarbon
recovery wells should be avoided,
especially in areas of heavy accumu-
lations: the injection of air into the
hydrocarbons present can produce
an extremely flammable mixture.

During the drilling and develop-
ment phase of well installation, the
borehole and mud pit should be
tested for the presence of flammable
vapors with a combustible gas indl-
cator. If high-pressure jetting and
alr-lifting are being used for devel-
opment the well and air-lift dis-
charge should be checked for vapors
routinely. If flammable concentra-
tions of hydrocarbon vapor are
detected, this method of develop-
ment should be abandoned
immediately. Jetting with simul-
taneous air-lifting can produce
hazardous conditions, due to the
aeration of the hydrocarbons and
the static charges which may build
up in the alr-lift system.

During the installation of the
pumping system. care should be
taken toavoid the production ofany
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sparks which might ignite vapors In
the well. The control panels and
power supply to the well should all
be grounded properdy. In addition,
lightning protection should be pro-
vided at the installation. It is recom-
mended that all electrical equip-
ment and enclosures meet explosion
proof specificiations, i.e. NEMA 7,
Division 1, Class 1, Group C and D.

Summary
The effective recovery of spilled

" hydrocarbons present on the

ground-water table is not & simple
task and requires the use of special-
ized procedures and equipment
There are numerous alternative
recovery systems which can be
employed. The selection of an alter-
native will be dependent upon the
existing hydrogeologic conditions
and the nature of the spill

Once installed. the proper opera-
tion and maintenance of the recov-
ery system Is crucial to the success
of the recovery cffort. Initial start up
of the systems to stabilize pumping
levels should be performed by per-
sonnel experienced in the fleld of
hydrocarbon recovery. The systems
require routine inspection and
adjustment to provide for an effi-
cient recovery. When electronic
pump controls are employed. the sys-
tems must have a continuous
maintenance program as they are
prone to malfunctions.

Safety should be the overriding
concern when designing, installing
and operating a hydrocarbon re-
covery system. All personnel involved
in the installation and operation of
the system should be briefed on the
proper safety and emergency pro-
cedures to be followed.
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.ABSTRACT e

‘Results of a six-month 1nvest1uatuon of unprutected stae&
underground tank removaIs are rev1ewed and documanted i

Lo ._,7“‘: Invest1cat1ans were carr1ed out from qu Both ta Novembar*BOth,.
: T 1877 and durlng this period, on-site physical inspections were mad&
- of 235 tanks removed at 74 sites in Southern Ontarioc. - Soil g
" conditions were analyzed, and observations were made: on-the quaiity
of installations and on safety procedures for the removal hanﬁling

and disposal of tanks. - o : a el

Beta11s were also anaTyzed uf an addItnonai 271 tanks remaved
at 105 sites.-from other 1ocat10ns across Canada. Lt e

— . . . . L . 3




" TABLE OF CONTENTS - -

1. Summary . A : R
2. Introduction

' iﬁ;. : 37-'53' Metﬁddo?ogy

.

' ..'D1scuss1on S A

5. Recommendat10ns

- Leaking Tank Chart S

4
5 . .
:;,A - L  6."Append1x A - Sites REported
. 7. Appendix B
. i

. Appendix ¢ ~ Average Age Vs. 5011 Acaress1v°ness Value:wfﬁ::ﬂ

9, Appendix D - Summary. of Tank Renmva1s :  *-?5:£ff:;;
‘ 10, - Appendix E - Tank Failures by Age and Cowpaqy .
;§§f§_\ : . 11. Appendi; F - Tank Fa11ures by Age ‘ --53‘. I
~ - 12.  Appendix G - Tank Failures by 5011 Aggresstveness Vaiue.;
: 13. Aﬁpeﬁdix H - Physiography Vs. 5011 Aggr2531veness Va}ue ?"“;K
"14; Aﬁpendix I - Internal Corrosion Details . ; | |
) 15. Aﬁpendix J —.Tgnké Adjacent.to,ieakefs‘ ._‘;Qlfjfh.%-_ifrlﬁ'
.+ 16.' Appendix K - Heating 011 Tank Details -
17. Appendik L - Maste 0i1 Tank Details - .‘l-? ; §§; ;-
L 18 Appendix M - Thorco Tank Lining,Lettef N T F;; |
-':19. -Appendix N - Proposed Tank Remoﬁa]-Réhort.T : ‘ L”
.20. ‘Abpendix 0 - Details of Tank Removals Attended
. ; . by Consultants L :
’ .21. 'Appendix P - Details of Tank Removals Reported T
. by Others _ ' .
22.' AppendixiQ - Bibliography - | , . ,f‘{:'
- it -



o — RS

77

- supports the theory that an unprotected steel tank, in. Tess aggressive:
.or m11d 5011, should normal]y iast we1T 1n excess ‘of IS years.

-soils. : ‘ _ . sl

. Canada, 124 of which had one or more perforaticns, and therefore, : i

-*leaking tank chart, Appendix B.' The remaining 16 are notAcharted

:deqrees and types of corrosion. External corrosion was: by far-the B

. attributed to contaminated backfill - ev1dcnc¢ af a sub-standardg‘
" installation. £ , F

_ checking a11 cther tanks at the site.

-----------

] . . ’ . -1

summv S . T SRSt

This study, be]1eved to' be the f1rst of its k1nd has reveafed KN
factual information that should be useful to uhe Petroleum Industny..ﬂ.;pj L

Results of the study show that 'there is a def1n1te relat1cnshwp

between tank-1ife and soil aggressiveness. For example, of the 108 .-
“tanks shown on the ieaking tank chart, Appendix B, only one tank . -ﬁﬁif’
failed in less than 15 years in other than agqress1ve sail. . The' chart

The average age of all the 108 tank fa11ures was 19 1 years1 &ven B
though 71 percent'of them were in aggress:ve ar*h1gh]y aggress1ve

,,,,,

4'-3’ e
Xy

Dur:ng the study period, a tnta1 of 506 tanks were~renoved aaruss.

classed as-leakers. One hundred eight of these ‘tanks appear on the.. -

because soil samples were not made avaw]ab?e Tor anafyszs. e

:_ ?_-:'"«-"

It should be. pointed out that in some cases, perfarat:ans were ff* ;Q;;;

‘self sealed by the products of corros1on and dig not neceﬁsarlly show

evidence of product loss. S T T R SRR ;ﬁ:r“
. Detailed on-site investigations were made of 235 tanks in Southern
Ontarlo, 68 of which were classed as leakers, aithough only 31 of ‘these
had been reported as leakers. .This leads to the assumption that there-. v
may. be some question as to the re71ab111ty of bu]k 1nventony control = f: T
at reta11 outlets. SRR

. . . R - '\,",.,
AR . ..l_ L

~ With very few EXCEPtTonS, all -tanks removed exh1b1ted vatyqng

most common, and at about half of the sites such corrasion could.be

Tanx removal prccedures reveaTed a nurber of unsafé and 1Tlega1'i
practices. Tanks were not always fully. stripped.of product; gas-
freeing of tanks was questionable, and openings were not always ‘cut.’

. to render tanks unfit for further use. Some tanks were hauled away. - IR

intact without knowledge of thear future use. Company techmical . :-ff,‘ﬂ}i%
representatives werz seldom in at endance at remova] S?tes tn gnsure . .iL
safe pract1ces : SRR ( 7 .. 5oy :5,%;1ﬁ},1

'g" - -(-' .

In some cases, the 1eak1ng tank only was rep?aced wwthout" :




There seems to be T1tt1e attentwn pa'ld to the condl tmn of“
L heating oil and waste 0il tanks. Leaks in heating ol tanks are ._*J,'
e usually discovered when there is an unaccountable increase inm ‘consump~
Sl tion, or by repeated’ furnace shutdowns due to watsr in the ‘product..
S Leaks in waste 01l tanks are rarely, if ever, dtsccv&red untv—%—fthey
* are removed when the service station is c'[cse:d ~

~r
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INTRODUCTION S R P

v Two consultants were appo1nted to carry out a deta:leé study»

" Ontario. o : L e

: ccnsultants. : _ : R LT e

of steel unprotected underground tank removals. ~The: field work .--:
.covered 2 six-month period commencing on’ May 30, 19?7 Obaactiveﬁu
and duties were outlined as fbllcws' R

1. Coord1nate and carry out an 1ntensxve szx.menths 1nvest1gat:nﬁ.
of underground tank removals to ana1yze conditmons cantrzbutzmg;tan
tank corros1on and fa11ure.. S -

0b;ectﬂves* T ﬂ; '."1  o 1'

:" -2, Comp11e comp]ete and s1gn1ficant data tc form the hackg?aumd»
" for development of an ‘industry pos1t1on fbr'repiacameat;Gr'upgradjng“
" of underground tank systems. . S L

-—-—---D"t‘es" S R S e

~ 2. Determlne cond1t1ons responsable fOr-corros1on and fa11ure~
by sampling and electrochemical analysis of soil cond1t10ns, and hy"
evaluation of other contributing factors. .. - ... 1H_;u“,_p. o

3. Carry out thorough and detailed physvcél exam;nataun ef aII
tanks to determine type and Tocation of. corr051on, bcth Tntarnai and
external. ‘ S ﬂﬁ . . AR

4, Complle and analyze reports on tank removals from a11 ‘areas.:
across Canadd in relation to Tocation, 5011 cond1t1ons, age offtank,,
and type and location of corrosions = = . 5. A_Vﬁﬁ- T

by the system ana]ys1s.

&, S

sk'Fﬁrca-

'"'C‘

8. Submit regular progress reports tn the OPA/PACE Ta

9. Consult as necessary with tank suppiiers and currnszoﬁ




e i METFODOLOGY ,j:f”;' 'ﬁ-:f~'§_"- :T’ﬁ':7';535?f

ﬁ.ﬂ o For tank removals in Southern Ontarig, one Q'E the; cansta'itants wWas:o
R in attendance during all phases of the tank removal gracess.h* . ;-'

Whﬂe the tanks were bemg remwed observat:mns were mada on t’aa
soil conditions, including backfill matemal groundwater, native soil;
and quality of the installation. Upon remova’l of the. tanks,. -detailed
1n5pactwns were made to.determine the dégree,. type,.and Tocetion of '
corrosion. . This was done by removal of material adhering to the: tan’ﬁs
_followed by hand scraping and wire brushing.: In many cases,a tanks: were
opened perm1tt1ng v1sua1 1nterna1 1nspach30n; o : :

Photographs were taken of varmus types anci“pattems.
and external corrosion. - o

Samp‘ies ‘were taken of- the natwe soﬂ m thrae d*rfferent Iocat'xans
within the excavated area. Samples were. then” analyzed for" ramsthty,'

mmsture, pH and bacterial contenx..-- T T

R T ..‘”1-‘ .

T For tank removals elsewhere in Dntarm and m the rest af Canada.,.
- reports and soil samples sent to the consul tants were -analyzed andg . 5
“recorded. In these cases, of course, detailed physical tank znsp&c"‘mns
" could not be made by the consultants, but & gemeral descr’ipt:ton af tanh'
conditions was usuaﬂy included in the submxt‘ted repnrts. LT T

.A‘,‘-, T e i

Three *sm'l samples were taken from each sﬁ:a and. ware‘analyzad:
using the foﬂomng equipment: . -

K

Beckmanrr pH15to1 for ana1y51s m‘ soﬂ ac*rch ’cy orr aTka:‘hmty.

-‘u:~= mw".-m,.{. ,,,‘,

O Hydroc:h'iomc acid and 'iead acetate papar; " 1o determtna"presema,,
C S of sulfides--an indicator of bactemal acttwty,“-"% oY
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Fo'!'lcwmg the above analysis, an evaTuatmrr was. mad& cf‘ th& sc:ﬂ
aggressweness vaTue (S.A.V.) using the cmte:ﬁ'a authned h&?cw

-+

1. Baszc Charactemstws : '_'-.',.f _'
C S Soﬂ Res1,st1v1ty _under 300 ohm-centmeter'&
. 300 - 1,000 | -

B ) _ 1,000 -~ 2,000 .
. : ] cL. ' 2,000 - S,,CIO‘G&-
- o . S 5,000 - 10,00¢ . &=

- : ’ 10,000 - 25,000 -. -

gver 25,000




C ... soil pH.

. under 3.0
LN i 3.0 - 5.0
égawaf . 5.0 - 6.5
. 6.5-7.5
@ 7.5 = 9.0
_—E over 9.0

CL Sail Moisture saturated,

) S S - omoist o

- : dry ;

T 2. _leferentwal Character1st1cs

Res1st1v1ty Rat1os o pver }0

: C. FE T ‘ . . - over 5 -
' : S ) over 3
: 'under 3
3 pH Difference ' . over 3. 0
D : - 1.5-3.0 -
. o _ N g~ 1 5
.3."Ind1cator of Bacter131 Activity R
- - Sulfides : Positive:
;:} . . ) . ‘ ‘ ' -Neaa.ti ve.
ﬂﬁél“” . 4, 'C]assxf1cat10n of Soil Auqress1vencss Values' E
Sum of the above. over 12 -7, Hngh?y Aggrésslve
selected point ' 10 - 12 . - Rggressive
values: _ ‘ 7- 9 - - less Aggress1ve
‘ ) ‘ 4.~ & MATd R S
, - : , - under 4 ° ° _Imnocuaus B T
-6 - S
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1. Communications

Instructlons wers sent to a]l part1c1pat1ng*compan1es tn g1ve
ample prior notice of tank removals so that arrangements coqu,be
‘made for one of the consultants to be in attendance. - During the ' -,
first two months, there was limited response. This may have been ; TR
due to the time lag for communications io reach all field perscnnei.-?.a:
or to a Tack of understanding of the ob;ect1vas of. the project.
There was alsc some resistance from the field in completing the
. si1x page ”Leakrng Tank System Report" form. Reports gererally -
. -~ were slow in coming in, necessitating in some cases, one or more
. . follow ups. Reports were not we11 prepared except for a few- i
- 1so]ated cases. < : , S L :'r;‘gjﬁ7“

J - . N - r -

. o . During the 1atter haIf of the proaect there was a cons1der—-‘ _7"
-able improvement in removal advice, and the consul tants* field S
activity during this perwod was maintained at.a brisk paca.;

[

P

Adv1ce on tank remova]s was received in some cises from a- .
company representative, but more often, directly from the contractor.

The latter proved to ‘be the most re11abTe, simply because the
contractor was in a better position to know exactly when the remuval
. . was taking place. " At least one company made the contractor respon- - ..
lm, ' : sible for removal advice by including 1t'as one of the cand1tnuns RS
of his. contract, LT LT RN

-

. Unfortunately, there were twenty-two. sites in Scuthern Ontario- ™
for which prior advice was not received even though thay ware»wali ‘
within the area that could have been attended by the consultants,’
As'a result, .detailed tank inspections were not made, although inm
some cases, S0il samples were sent to the consul tants for anmalysis.

2. Tark Corrosion - _ . A

a) External Corrosion R

By far, the most common type of corrosion was eﬁt&rna?’:: R
: ~and it occurred in many different fnrms and from a. var13ty of.
o .~ causes: ' ’ . \ RIS

{1) Lumps of C]qg

The most frequent cause ‘of pitting was where Tumps of =
clay were found adhering to the tank in the presence of .
sand or granular backfill. In this case, the clay creates
. a corrosion cell by shutting off the oxygen, causing the
_ T _ . -clay contact area to become anodic to its surroundings.




| - This cdnditjbn is illustrated in Fi
Photograph Pt. -
L ; Figure-l =

Photograph P1

R T -
g R G T
e TG

A vgr——————r x4 .



TN - (2) Contam1nated Backf111

k T Many more cases of p1tt7ng viere ubsarved where
R o contam1nated backfill had bean used. Such. contamination™ =
- included tin cans, old tires, straw, cinders, ‘pieces of- -7~
wood, bricks, scraps of pipe, and other construction, ::
‘debris. An excellent example of corrosion caused by
scrap pipe in contact with the tank is shown 1n'ictn-
graph P2. The electrolytic action is similar to that -
shown in Figure 1, where the area of the tank in CUﬂtaCu
with the pipe becomes anodxc to 1ts surroundzngs, -

R TR

L . (3) M1115cale Damage '~ . :;:--“4 ‘\;‘;§'$

‘When the m111sca]e on an unprotected tank is remnved
in localized areas, a corrosion system is activated. .
) Because millscale is a relatively good electrical ccnductor,:
. it is cathodic to the bare steel areas and & qa]van1c it 2n T
cell is created similar to Figure 2 thh & bare steel :
- ‘anode and a millscale cathode. ST e

- ' . - Figure 2

A= ’, Mitizente — Cathode oL D
‘1‘;;’ / s . R . .

PIrAZs /,:.r ’ R I

M . .. } .
/'-“/ s T . B

oy e ————————-_Bam Stee! — Anods» :

T 3 e T s, e ey s u o 2 s g
1 3 - r ” = . T A o P T T 0!



- ~ Several such examples were observed where chains -

@ S or -s1ings caused millscale abrasion during handling of ' :
r % S " the tank. Similar disturbance of the miliscale was =7
.’ © - evident where hold-down straps without insulation had ..
been used. . LT el

- I - s

: - An example of corrosion caused by’ é'i’iﬁg dama-gé"-i;'}?:
- shown in Photograph P3. S e

L

L

..+ ... photograph BE 3
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(4) Direct Contact With Other Than Backfill -

1f a tank is installed directly on the baottom of - %
o an excavation and backfilled with sand, a strip along.
jts bottom could very likely be exposed to low axygen -
concentration, to an acid soil condition, and to a sgil-
- of high ion concentration; while the remainder of thel.
tank would be exposed to better aeratéed neutral sand
with Tower ion concentratian.. A1l three corrosion -~
conditions would be working together to make the steip
at the bottom anodic to the rest of the tanks Several
such situations were observed, and the condition is- .

-

P e




. illustrated in Figure,3.'
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portion of the tank was set in concrete:

"Photograph P4
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(6) ‘Welded Joints e

E Weld meta) may be anodic or cathodic to thaftank

steel depending on the selection of welding rod and*
welding procedure. Because of the area reiatnnnshxp
involved, a weld which is anodic to the base metal as.
111ustrated in Figure 5, would be subject to highiy .
localized corrosion, a condition which was. 0bserv&x?1n
some cases. One example is Shown in Phutngraph PE. -

Fioure 5+ . - - ”;}a=d-

ST ' Moist Earth Electrohie

D G ,,,;,,,,,/,,,/,,;',,0@;,,, G, “'ffff»,;ff %
. /,- //,/ (i / g *- i G, ,//_ //f;//;,
. // /}/// *'2, // '//’/f.‘,’}'/f T
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(7) New Tank Adjacent to 01d oo

When a new unprotected Ul'i,d&‘r"grb'und‘ tank is:

installed adjacent to old tanks ‘and.cannected to. them - - L

- through the product piping, the new tank becomes. the
anode of a corrosicn cell in which the older tanks are =,
the cathodes.  This condition is. i¥lustrated:im Figure & E
and a few examples were observed. -1 Uo7 e
; " Figure & - IR
: ‘ . Metallic Coansction Through Pipingeses—e = .-_ S
- e S T L
T . %’%Wg&,%%yﬁ& il m;’_‘g’é:g- ‘: -
:/)/: ” R Y Y
7 - K
29
% 3
Z; I
. z7
o h 7 ‘
ol 7 :
X
. {8) Protacted Tank Adjacent to 01d | Sl ;
One case was encountered wheré a new. cathadically T
protected tank had been installed two years ago, - S
“adjacent to three unprotected 10-year old tanks. Here, - 77
\ the side of the tank next te the protected tank was - o7 - 4
severgly corroded while the other two old tanks were in. .3
good condition. It would appear here that the cathodic . .o
" protection system on the new tank lowered: the resistivi
of the electrolyte at the side of the old tank. ... . __ .
b) Internal Corrosion I £
Of the 235 tanks inspected on site, 80 were opened and - :
examined for internal corrosion. Other than some cases of -~ . -
sTudge accumulation, most tanks were found to.be in quite .:-
good condition., Where corrosion was. observed, it occurred -'-.
as follows: - - , -
- 14 -




T C (1) 'Overail Sca]wng

o S - In these cases, a thin Tayer of‘ overal’l fine rust
S s scale was observed, and this was probabiy due to.- .»~;'+'v-
S condensation within the tank. No seriaus p1tt1nc was S
-found where this condition existed. . - o7

B R

{2) Below Fill Pipe R

There were two cases where perfaratxons accurredﬁ T
directly below the fill pipe. One af these 'is shown-; :
in Photograph .P7 where the 1/4-inch round internal -
. . perforation was the only corrosion discovered. .The’

o exterior of the tank was in near perfect condltion.d_”
- S C -Some authorities suggest that this condition is: caused
o ' ‘ by the repeated impact of a brass-tipped dip stick.’ In~

. ~ this study, there was not enough ev1d&nca o support" i

this theory. g PG T

- 15 -
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.. (3) Below Vent Pive - Tl ool
’ ";: - o : " Qne tank was discovered to have a ffs;incﬁ R
SR S " perforation directly belaw the vent pipe. Since this.

- was an isolated case, it .can only b= assumed that the!
Tocation of the perforat1on was sxngly a cu1ncndence.

. Three more cases of perfbratxans due - tc‘1nterna1
" corrosion were discovered, all in very a]dVQaIvan1zed
tanks. The tank design involved embossed heads: and -
 ribbed shells. . Perforations. o¢curred mainly in the.
“-ribs, although in one case, there were perforations .
_ o - 'in the flat area of the shell No. perforatians were
- : S found in the heads, - N ' i i s

3. Quality of Installations | o R “'EJfF".-_;ﬂizf- «5;_§}§

.
¢

0ther than the effect of the soil aggress1veness, mﬁst of thev

o examples of external corrosion were to some degree due to the  ~ .. .
w gquality or type of installation. . It seems clear that the resylts ”
t - of a poor installation can override many of the other factcrs that
contribute to corrasion. It should be recognized that a variety-. ;-
. of corrosive forces are acting on undnrgrouné tanks. Where famlLres
occur, however, it is nearly always a result of those forces being
concentrated in relatively small areas and the-hagher cen:entra~Aﬁ:=
tions usually occur as a result of foreign matter 1n the backf111

. In this study, about ha1f of all the sites visited were-
discovered to have sub-standard tank installations. Cases wer3m‘,;-
found where. the sand backfill was mixed with clay, construction
debris, cinders, and other contaminating material. In most cases;

- theie situations probably contributed to premature failure ofnthe«--
tanks. . S P

A good example was seen at a sxte in an urhan area.where the
native clay soil was highly aggressive. Four tanks had been.::
installed with clean sand backfill and were in good condition,.
On the same site, in another location, two other tanks had heeni’
installed, but the backfill was contamimated with clay and cons-3
truction debris. Both of these tanks were severely corroded and.
were leaking. This is the classic case of uhe.benafzts of gaad'
installation practices. s .

o

Unless there is continuous supervision during the tank“ o
installation procedure, there is no way of knowing if itwas a ..
good one because the work is covered over and so it remains :for-:
v _years to come or until premature tank failure occurs. Unlike ..

many other components of a service station facility where the "~ -
‘ - workmanship can be inspected after completion, the quality of the - ,f
Q:b tank installation is hidden and mﬂ never be knawn until tha tanks

are remaoved.

-
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It appears that 1ittle, if any, attention is paid to the. . .
condition of heating o0il and waste oil tanks at service stations. - »
Leaks in heating oil tanks are usually discavered only when
' there is an unaccountable increase in oil consumption, or'dy . . -

‘repeated furnace shutdowns due to water in. the product.. Even - i
then, prompt action is not always taken to examine- the tamk.~ For- -
example, one operator said-that he had reason to believe: his.';..
heating oil tank had been leaking for abcut five years before . ' .
o action was -taken to replace it. He said he had repeatedly &y i .
' reported these conditions during these five years.. The tank in .
question was removed during the period of this study, and was. -
found to have countless perforations all over the tank. -Photg- '

< graph P8 is an interior view showing a group.of perfarations om .

Photograph P8 . i.f ; fu;::1 T
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- shows several of many more external perforations on the top of the-

. of external perforations on the other side; and Photograph P10 -

*. tank. The backfi]l around this tank was badly contaminated with ..

construction debris and bacterially-active material. . _ i
. T Photograph P9
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Tiital k »;.'.‘ua.n-l-....am

. B ‘. < : Leaks in waste oil tanks are rareﬂy,; §F evar, chsmered., g
. b : It should be ebvicus to the operator tnat the tank may -bes leaking - :
Ca * if there is an unaccountable reduction in the pump-out: frequenqy¢%

However, there is little incentive for the operator to-report.

. such a situation and a leaking tank could go undetected. for‘ynars.
Two cases were observed where the tanks were so badly correded. -

_ and perforated that it would be impossible for them to retainany-
"+ -waste fluids. The only waste o0il tanks removed during “the study b
~ "period were at purification 5ites, and.ncne had been’ repart&& &S’

.. leakers. - Waste oil tanks can contain & var1ety of 011s,ﬁgasalxne,
“anti-freeze, alcohol, road salt and acid.

AN Hand11ng and Disposal of Used Tanks _-'}f?',‘*}

- - "~ .. requirements for the safe and 1ega1 handl1ng, StFTQanﬂ !aas-‘u ;3,
' freeing, transporting, and d1spos1ng of used tanks, many devvazﬂons
were observed. _ _ _ o Plgawa i et

.uc‘»f‘. .".,q-_‘ -

"For example, Lanks were not aiways comp1ete1y str1pped and.
when they were removed, some or all of‘the rema1n1ng praduct
escaped on the ground. . ,J‘_“_n g P

In many cases, anks were not gas-freed ewthen ba;ﬁre r1ppangw
them open, or before hauling them away. In. those cases where.dry.:
_ ice was used for gas~free1ng, 1t was se]dem “in the quant1t1es o
y - . . required. ‘ : %,3,2*,7“_ e L

‘Tanks that were ripped open and rendered: unfit“for*furtﬁar"

. . use were usually taken away by a scrap dealer. Howevers many =
T tanks were hauled away intact without any know1edge of—thair‘

Ultimate destxnatwon or future use... =~ -0 o

6. Leak Discoveries - o - f‘~:#.5'

"During the six month study beriod 23 'tahksﬁin~56aibern._f
Ontario were 1nspected by the consultants. - These tanks. werg _ - <f
. removed for various reasons, such as 1dent1f1ed,Ieakersz“upgradmg,_W

J.?-".&,-

] _ Of all the tanks 1n3pected 31 ‘had been repcrtﬁdaasa1aakars
- Upon detailed examination of all other tanks, 37 more were found, 5
to have perforations. MNot-all of the tanks in this- graup shawed :
actual evidence of product loss, because in some: cases;¥the. -
perforations were seated either by tha surr&unding mat&r?aT o
by the products of corrosicn. R :

7. Inventory Control

ﬂ . ' e t" P ‘_ ".~' bad
~ _ ~Good inventory control eppears to be lacking at most retail.
’ outTets. Of 35 leaker sites reported acrgss Canada, anly Z warg:’
.5 | discovered because of 1dent1f1ed,producu 1053., ATl the gthers ..

)
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8.

s.

10.

- and 13 were h1gh1y aggresswve, indicating a. w1de range“af=f

~Past History Data

- were dxscovered by other 1nd1catars such as uater 1n*th&
product fumes in the neighboring basements, and in one: ca&e,--
by product in a nearby manhole. Furthermare, an additional 25
" $ites were d1scovared to have leak1ng tanks that,had not: heer ‘
reported - ,

‘Physiography . . - n_l}ffixldﬁ < fj* LR

: An attempt was made to determ1ne if there was. -any- ccrre?atzsnaww@gy-
. between available physiographic data and the,su1l aggresswwmﬁa“§‘
data,acqu1red dur1ng the course of the study._

r R

Physxecraphy maps were obta1ned fram the Gntarﬂe Gav&rﬂment
offices, and tank removal sites weire plotted on thess maps..:It
. should. be pointed out, however, that the physiography maps. deal.:
primarily with surface soil conditions for agricul tural.purposes;
whereas soil samples at tank removal sites were taken, at“dapthﬁf
varying from 3 feet to 10 feet. Mevertheless, Ihere was SOme.
genera] ra?at1onsh1p, as evidenced below:. - ; © ol a

-
* ' n’ T

However, of 33 sites located in Sand-P1a1ns, 3 ver& mTTd

K

as aggress1ve, and 62 of these were in the Till Pla1ns Sandw&
Pla1ns and Clay P]a1ns areas.

These areas are defined on the map, “Physvography of Southemﬁ*
Ontario®, (Appendix Q). 2
possible soil aggresswveness of 51tes Iocated w1th1n thes&~area_;;@%é_g

are Shown in Append1x H.

Information was chtained from some of’the partacipa:ingfﬁm
companies on past history of 1eak1ng tanks. Hawever, thers:- wasg;
not enough reliable data, either in scope or in data1i ba
prepare a meaningful or factual anu]ySTS. L

.t

Contacts W1th Tank Manufacturers

Contact was made with one of the leading manufacturers wha
advised that neither they nor any other manufacturer had. o
assembled reliable information or data relating to this study..s
They did state, however, that their association had dlscussed ‘




: RS
.""" . .- 1. CGovernment Contacts .+ ¢ .o T%'_;w.‘f.ﬁ.;f{:"

. Several contacts were made WIth reTated Government offices._““'
Except for the materiaT obtained on physiographic data, it was
.found that no other mater1a] was ava1lah7e that ceuid ccntrlhute- ,
to the study , Coee , S . ‘ o

i . i P - . . .‘-P‘“--

o ."‘ -~ - " LS

120 Contacts Wi th Contractors e f‘?ﬂ_V -'fj~'°:f.: "fi_ﬂfiiﬁffi

S g _ One of the glass Tining contractors praved to' be mcst*
. : ‘.. . cooperative by providing, information om tanks that he had -
N ; - repaired in the Toronto area since 1871. His conclusions o
- generally support the data gathered in this study. A copy uf T
h1s cover1ng letter is shown in Appendix M s o

H

It was also found that*al? of the tank removal contracters .
were very cooperative in providing prior advice on tank removals,.j‘ :
as well as assisting the consu]tants durmng on-51te 1nspect3ans.=A,_,¢T

[

13. Remova] of Protected Tanks - . 7 ;i | .25;=17a; o Q7;¥:_ ;;

A few tanks were removed that w&re equ1pped with corrosion:
protection using ULC Method A - Taping. --None of these tanks

-, Tl

&:fa ‘ were leakers, but in every case, the protective green tape had.
e : separated, and when the tanks were removed, most af the tape.
‘ - either remained in the excavation or hung 1n shreds from the o
~ tank. : : : : Ch ‘;u,.f;
r




RECOMMENDATIONS

operators maintain-:

1. That Industty take steps t0 ensu :
roduct: Tosses.

~aceurate daily inventory records, so that p king:
tanks can be immediately qetected.' ) . e
That Industry take action to imprﬁvg}supﬁfviSnryipfgcadﬁfesf
* for tank installations.. Such action could be accumplished. by emsuring:

supervisory attendance ; ‘
In addition, programs s
Lo - o visory personnel, a

¥, the consequences of

during the entire tank instal lation procedire: . .

nould be initizted %o.ensurs that: all.supsr-=
are fully acquaintad with -
-practices.

s well as contractors,
poor handling and insta}l

3. That whenever a leaking tank is removed, al
the same site should be protected or replaced. |- -7

: all tank removd1é'bE'fuTTy-sﬁﬁé%#iféé;
ensure compliance with legal and safety requirements..
rators be made aware of'thé'hééesﬁi%ygéhd.impmf%ﬁnéé,

That ope
‘of noting and reporting any changas in waste oil tan

ate recerds of all tanks showi

§. That Industry maintain accur
n outia;:as;weﬁ] as; date

number, size and type of tanks at eac
installation.

of T

7. That éveny tank removal be_ccmpie%eiy’&o&ﬁﬁéﬁie

using A
standard form, such as that recommendad im Appendix N.- .~ " - :f

-

-
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SITES REPORTED -MAY 30 TO NOVEMBER 30, 1977 L

COMPANY - . | ONT. | B.C. | ALTA. } SASK. | MAN. e, | no. | s |, | R, | TOTALS

Company A . 13 - R .‘_:- - S0 | . ; : - . 13
Company B - | 21 2 0 0 3 5 0 1 '"_ o | o] 32
| Company € 16 '.6 o | 0 0 6 5. 6 - 3 . ‘1 ' §3.

. Company E .- w | v | e (oo | o] 1. 0 | 0 {0 o | 2
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LEAKING . TANK CHART .
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st T SUMmIRRY OF TANK REKOVALS
| (A1} Lanada)'

: " Age Mumber of | tlumber of '} HNumber of ¥
i o T in Years |Tanks Removed| Non-Legkers Leakers. . o

) 1 25 : 25 - | 0

.2 5 . 5 | o

' 3 0 10 T

o “ 4 19 . g o f e
5. 5 : 5 f g o
' B "6 16 YIS B
E P 8 20 18 2
) 9 8 | 8 PO
. - 10 14 |E 12 2
' 1 16 13 | 3
12 36 3 '5’
: - 13 16 | 14 o 2
' Lo 14 : I S -

' 15 37 26 | 13

16 5 ! 2 3

' 17 20 1 . 10 0

- 18 36 . IR D s S

. b - 19 24 15 . . b g
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: ;’ "',:- . ' ':',’ .“
- TOTAL TANK FAILURES BY AGE AND COMPANY ~ ALL CANADA
Age 1n v - , ' CumuTative {Cumulative
Years Company A | Company B{ Company C| Company D{Company E{ Company F|Company G| ~Total’ Total Percent
4 - - 1 - - - - i 1 0.8%
b ] - i - - - - 2 3 2.4
7 - - - - - 1 - - R 4. 3.2
8 - - i i - - - .2 6 . 4.8
10 - - - 1 1 - - 2 8- 6.5
11 - ] - - - 2’ - K] 11 8.9
12 ~ A -~ - 1 1 1 5 16 12.9 .
13 - ] - - - - 1 2 18 14.5
14 - - i - 1 ] 7 ) 23 18.6
15 2 7 - 3 - 1IN 13 - 36 29.0
16 - 2 - 1 - - - 3 39 - 31.5
17 1 1 6 2 - " - - 10 49 39.5
18 i - - 2 - - o1 il 60 - 48.4 .
19 - - 4 - - - b g 69 ERS
20 = 7 2 q - 2 3 3 2 90 72.6_
21 1 - - ~ - ] ? q 94 75.8
77 - e - 1 1 - . .3 97 78.2 -
23 v - 2 - e - B 3- 100 80,6
_ 24 - L Co.- S - <1 T RS 101 “Bi.5
25 T T - 1 il " e 10 (A --895
20 - 2 - - - S 1 S L 3 114 - _91.5 ;
55 : . S it Raaaon = e = S TS S 1 Y ST 0 )
29 - - - - . 1 - ' 116 93,5
30 i . ? . - 1 - 4 kD) 96.8
31 - i = - L e - -’ 3 121'-*' 97,6
35 - BN r - - - - - 1 ' “gR.4
39 - M T -y i - - ] 23 99,2
e [“J -“. , T . T - v " -. - = 24 . :l{}ﬁ ﬂ
TOTALS 12 'N“Ql-'f’ '“28’" 13 ‘18 - 14 18 - ? »
]B 9 Years Ry ‘

Average Age of All Leakers

B .f ‘_‘ .‘" ? e
S
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(Includes Only Tanks Where Soil Aggressiveness Kncwh);i‘l'_"

TANK FAILURES BY AGE, . .7 . . "

e

-

Age
in Years

No. of
‘Failures

Cumulative . -

S Total -

Cumulative
-Percent

6

n>

- Y

7

8

4.6 .-

10

- 5.6 7

11

12

8.3 *
12.0

14

15

- )

25.9

16

LY e fda e fla [~ P P

17

—
(e ]

380 °_

18

O

46.3

19

' §3.7

20

Ao
[

~72.2

21

75.9

22

23

78.7 °
80.6

24

81.5 -

25

26

100

- 92.8

83.8 -

28

101

93.5

29

102

94.4 -

30

106

98.1

39

_ 107

99.1

40

— et (e fea fe Joo w0 [ i fa

108

’Average Age

of A11 Leakers = 15.1 Years

100.0




" TANK FAILURES BY

SOIL AGGRESSIVEMESS VALUES

: s;A,v;

Mo. of

-Failures

" Shortest
- Life

Longast. .

21 Life-

23 Years .

:SBQ.Yearé

3 2
. 4 2 2.20 EZG" .
5 3 |1 {39
. 6 - -7 15 : 25
7 2 20 g G
8 2 ‘19 T3
g 14 35 S
10 éo 7 - 30
1 7 16 20
12 g f 14 28
13 6 6 2
14 11 ’ 8 30
15 5 - 12 20
16 14 6 25 -
17 ] 1 11
. 18 1 10 10
- 21 B 14 14
@.
- 37 -

o

%
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SOUTHERN ONTARIO PHYSTOGRAPHY RELATED TO SOIL AGGRESSIVENESS VALUES
(Includes A1l Sites Where Seil Aggressiveness Analyzed) ‘

Soil Class | Innocuous |  Mild Less Aggressive| -Aggressive o AHighlj Aggressive
S.AV. Number 2 3 4 5 6 7 8 9 1D 1 ]2. 33 114 116 16 118 |21

Totals

Escarpment - | ’ 1 1 .t - ]

Kame Moraines i - ' . 3 e ) | 2

Shale RN : | 1 1-4 ] o 3

Limestone Plains | ‘ ' -_ . 1 . 1. s 1] B u N

i1 - Spﬁ]lwaysl ' 1] | ' I R - 1 R | 4

Beaches and”BarQ 1112 o I f - _ S o RON N N ] I S N AU B -
R RRIET AT CRRNEN N AR Sl AN N I O N SR '

. : '

NIRRT N R R NOC R N Nt AN 5 sbsin s | e
Sand Plains copeed sttty ejatatage 5 1.1 4 1 .,,’A33,'."
Tetals el v late e e e ol el afualain 1] e

R

A

o
T R

W
TRyt e
QESRALTH R



1 H . . :: i . i iy } '.% % : l\‘. 'Q
TR ' _ . . . . o S R ‘:.;-[_' . ;:3‘:‘“ -':
@.' : o INTERNAL CORRQSION DETAILS =~~~ s o
onsuTe] . T I R
ants’' and R Tank | Perfor- |7 . "Lecation .\ ).,
Chart Mo.|Company| S.A.V} Size |Ace | Product | Material ations of Corrosion ¢ -
29 B ‘9 11-1000] 26 ] gatvs 1 s o |motrom iR
o £ | 16 [1-300012_| No Lead | Steel | -1;1’}'4"@“‘ Directiv "béza&"'%—"ﬂ?
36-. F 9 1-30001.22 j Reaqular | -Steel | 1 TfS“"" Bottorv'beT&;Tvgn;t '
A YT A 10 1-3000017 | Reautar | Steel ~ | 1-1747 Uwrect?y be’l-ow Fi11
' . ) . : Few . e
54 F 14 N-1000 30 | Reoular | Galv. Pinhgles Ea..tam 'fn r1b3‘ e
' . S {Holes on bm.tum of
72 E g {1~ 500140 | No lead | Galv. 3 r":bs
Others ' R S R P

B : . :
2 - {{Qua.) 17 11-5000] 11 | No Lead | Steel "1-1/2"8 (Balow fill pipe'

'"? y 33 - {{Ont.) 1- 5000 31 | Premium} Galv. | - & Cach’ ib along bottmri
<. | C T T
- 81 {N.B.) 1-1000 4 1! Gas Steel Bottorf af tank
A B ' : o - Fe
e 103 i(s.cC. g {2-3cooi 21 | Premium| Steel ’im'nh'o'ie Hcﬂe in botmm* il A B
. i
} -4 -
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PETAILS ON TANKS ADJACENT TO LEAXERS IN SOUTHERN ONTARIO

(Inc1udes On]y Reported Leakers Where Adaacent Tankage Mso Remnved)

T
L
ANyl TR Y i =} # Tk B =t |

Consul t, . Reported (eakers

Chart
No.

No. &
Size

Age

Product

Type of
Corrosion

Corrosion
Extent

Ho. &
Sige

Age

'Type of -

Corrosion .
Extent

{eaker

1-4000

20

Premium

External

Local’

1-2000

2b

Corrosion

External

Local

Yes

2-2000

26

Minor

. No

19

Mo Lead

External

Severe pitting

2-2000

19

External

Some pitting

No

1-3000

Adjacent Tanks | S B ' -

=l

3 _[1-5000} 8 | Reqular{ External {Severe pitting [.3-50001. 8 |External Severe pitting 1 Mo -
5 _11-5000¢ 20 | Reqular| External |Severe pitting | 1-3000] 20 [External Severe pitting Yes '
7_11-5000| 14 Severe local 1-4000 | 14 Deep severe No |

_Eb-.

Reqular

External

External . -

|.Gas

2-3000 |

22

External

SBVEre local

lEx@efng]

Severe local '

8 11-30001 19 Reguiar Externé1 SeVefe 16&&1' 1-3009‘_]9 Exterhal?' Severe 10ca1 Yes ;;;
| - 1-2000 | 19 Ekterna] Severe Toca] "?es };3
. — 3 - I

; L 11-2000( 19 External Very TittTe ] Mg P

il . 2 ‘ RN
vl 12 11-2000017 {No'Lead | External {Severe: - 2#3699.'1% ‘txterna1 'Severe Yes £ ‘1;
o L3 owool 6 | tequiar| Externat fsevere’ . | 2:0000| 2 festertal Soiora Yes
G 13§53 {3000 | 20’ aeéﬁiar _External Local 1t d1-2000 25 €xterna1( fLocaigw'm~§;f. Yes %
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DETAILS ON TANKS ADJAGENT T

v

KERS TN SOUTHERN OWVARIO © . « .

(Includes Only Reported Leakers Hhere Adjacent Taﬁkage'ATso Remd%ed)-j’

Consul ], Reported Loakers [ ‘ ___Adiacent Tanks
Chart | N Type of Corrosion | Ho. & Type of | : Corrosion
No. Product! Corrosion Extent Lorrosion " Extent Leaker
21 Pfémiﬁm External . Very local External . Slight Ho
34 No Lead} Internal | Below fill External Sbﬁé_sTight - Ho .
36 Regular| Internal | Below vent No corrosion{ . = o -
Premium External Severe pitting Ho corrosion _ - “Ho
Heating : , ' . i o
39 0i1 External. | Humerous - - External Local pitting No
Premium] External | Humerous | o
o Lead] External fume rous
42 Ho Lead| Externa] | 2 Perforatians External - -| Local pitting No
Regular] External | 12 Perforations
67 No Lead Exterha]‘ 6 Perforations External - Yery mipor “No~
) External | 3 Perforations External == | Winoriw v o Mo
External | 5 Verforations- External } |’ o
' : I SRS B e X
foamt Ty
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“Appendix K.

‘
L itia

COnsult- Size . R
ants’ : of: o Leaking “Reason for: i Degree. "
Chart Mo. | Tank | Agel Yesi Mo Removal of Corrosmn~
2 1000 | 18 X | Close out Nat no. a.ed N R
: S _ _ . External. = 3. permratwns o
17 1000 1 10 §oX Water in tank in bottom, T near 'top -5t
- T : Part of lezking |Ferforations on.. bcttﬂﬂ‘
39 1000 | 17 X tank removal and sids A
. -{ Dozens of pefmorammsﬁ -
51 500 {18 X Water in tank all ovear tank SRR ]
Una parmramon .OT end s
‘ 52 500 | 16 | X Water in tank at hottom  <oFod &
“ . E ‘ 3 perforatl ons-in, ta;z 1/2
. 56 500 { 12 | X Close out of tank - "
- " : . 5 pertorations ~‘_r.np ana*-\
63 500 | 22 X Hater in tank bottom - -

' . : ’ _ Perforations- tmth ancis -
L 68 1000 | 20 ) X Water in tank tap 1/2 of tank~ "' - %0
S : . Parforztions.ali over ---

73 500 | 22 | X Close out mainly top 1/2 of tank=
Qthers
. .t Close out
124 500 { 17 X 1 {B.C.)
. _ Close out
.23 - 636 | 20 X {(B.C.)
. Water in tank
35 500 { 18 | X {Ontario) tank - o1t
. o . Water in tank External i peﬁcratwns..
51 1000 X (Ouwbec) in bottcm andvsme

- 45




. WASTE OIL TANK REMOVAL DETAILS "

Consult- | Size Leaking _ L e
ants’ of : Reason for "L~ . Degree. - o )
Chart No. i Tank Age No Removal ' of Corrosmn o m‘“
2 jtooo |19 X | Close "out ' hoL noted S _
23 500 | 26 X mnse out Na ‘corrosion o - T o
30 500 20 X Ciose out Extarnai - chht pi ttm
A 500 25 X 1 Close out - Mo mrmsmn TR
_ o __—  External - surraca.mw
47 500 25 X 1 Close_out - covrosign: o a oo bl
‘ S K R - Completely permrat_dw_w
53 1000 20 , Close out a1l gver - = s
. . . : C Very minor extemal et |
61 500 6 - X | Close ocut pitiing -
. . - : 1 . . - Completely perfaratadwm
63 500 20 Close out all over -
69 500 18 % | Close out ‘ No ‘corrosion | . TW
‘ : - . External - shight ...}
71 500 20 X | Close out scaling and shaﬂmﬂ n‘sts"
Others L - ol
- Llose out _ .
14 500 | 17 X { (B.C.) Mo’ corrosion iU
Close out I
23 500 | 20 X { {B.C.) : F{o corrosion - #=
. .. Close out ‘ . e s
48 500 14 X | (8.C.) No carroswn s AR
Close out -
53 500 20 (Ontario) Se-vera? perforatwns
- a Close out . ek
54 500 13 {Ontario) Per orated
_ Clase out e e
63 500 25 X { {Ontario)
Clase out . T, W,QW
64 500 20 X | {Ontario) ' : et
A Water in tank Sw das or tank severe}y,
78 500 | 15 (M.S.} rustad .
Cldse aut

87

(8.C.)

a,anu'Eete?y per‘.“oratad o




B g i o i N a4 L s

PACE, "
.56 Wellesley Street West,
- Toremto, Ontario

Attention: Mr. Bert A. Velde

Ea
T of cutside corrosion working inuards cansing 2 hole through, the“m'na_..» Mﬂﬁ“f

Ers

S

-
"EG oFCD
. TANK LINING COMPANY _
1700 MIQLAND AVENUE -7 . 7 _,\...‘
SCARBOROUGH. (TORONTO) ONT, - )

. ‘ MIF 3C2
~ e : . X TELIPHONE: 73518747

¢/o Sumoco Inc.,

M58 25k

S

Deay Sir,-

]

Attached is z swrmary of Service Station tenks lined. by Tncxrco in th°' :
Poronto Erea between 1971 and 1977, aloug with a geperal assesstent of
the condition of the tenks ad “the time that they vere: Glass Azmz' -
lin=d.

- - . Lom
o oo -

5"”

..,._.\‘...\.,,...... T e

Cur records indicate that the Iouowing general csnclusicns can. ’&e

in the past-

- 4‘ - " - - N -u-—-f'
— = . :ww. Rt

2} The location of most ser:f.csua corrosion has beez: m tbe bottm ;nar"icm
of the tanks. e e

b) oOutside corrosion working tovards the Inside has. cccurred. in. thel
maJority of instances where holes have been found at the-tize of.
sandblasting the interice of the tanks in preparation. for Glassi.cik o
Armor lining. The nusber of cases of intamal ccrrosim:z or ser:f.m::s'
magnitude bas been minimal. . : e e e .w.,h KSR

¢) Corrosion has often occurred in the bottam no:tion o, th& 'han}:s,,

o close proximity to the seams. oo g

d) "In a high percentage of the ténks lined a fov isola. ed.: Eor‘“usiﬂn axﬁas e
resulted in holes throuzh the tank shell.  These holes were a resulbii i "*%

Ve trust the attached will be useful, If we can ue fm"bher ass is“i:é:ﬁ‘é"
Please contact me directly. .

T »nm'av

.

\ . . - .
V) N e
J.D Thor&arsc:n, ,
GCeneral Marsger.: L

ek

i
1
1
I'

tor Corrosion Control

e
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;{}. No.

PROPOSED TANK REMOVAL REPORT, " . =

als Ll e

Pl A

S App

sndix: N

M

Location:

P I [N

- Supplying Company:

Cantact: - ..

P LN

el

vt R

ES—

Contractor: _Tg}_‘ﬁq;:‘ihxi_ q
REASON FOR REMOVAL ———
Details of Tanks Removed: T e R e T TR T

Tank | . L Tank Q‘Iyﬁa and Extent.: '-'Leggénu
Size | Product. | Age '} = Material cof.Corrosion, | Tyac ] No oF
1 — - o e - ———t
2
3
4
5
| 6
LEAK DETAILS
Date Leak Discovered:
Product Lost: -
How Was Leak Disﬁovered? .
Were Proper Recordg Maintained?
— SOIL_CONDITIONS ~T %0 .;\gg‘r
Native Soil: B,
Backfill Material:
Water Table: .
REMARKS




FETATLS O Vil RONOWALS ATIEROTE BY COMUALTANTS

.laili‘n' Famby

" Taaks

a4

vady

g

spnlq oA Sopfom with
Frrivreilesy, | -
N 't

lecatized pltiing
A 4

lism,

1sil | . .
L )
T ot | Suttlae $tue Fraduc Beesrn tar Bewvel tepracien Peballs Carrsslon Bilathy Rumorks
roi ¥ 1.2,000 Preml | Toiing on woters wrqrade | Doternals loceliped Sitght gaterma) plicing Catlve 4ofiz mt, weady cloy.
1400 it 2l 0 ot ‘z"’l Fhtting o Cheen Yank; oaly, B SaAT0T: el sehd wlaed wilh clay,
2 perf, In ske]l boitom, '
1,3 solst] ves Npyraas of starigr bt Ba cerresion; near Kagive sells eley,
Lo racdnvelapaent, Priect foréisips, [IAG LRI
Srutharmm § Tocett ) ! . . .| Gead Iagiallatiea,
. .
ol v 1.3,000 Beswler | Otp records indloats Iaiproats 14-1n. parf, N Tatlvr yall: pandy K00 wilh s ih slawi}
Hpoo st Yo s ™ 1,030 ga¥lens Setlwver | Badow HiLE pipe, - herry ¢10p 4t Tete,
. - FI-dpet peciad, Leterier of Sark covared Srch1F): vand,
H with (@alleg ¥nd furfdie . Vilgr Lole; M4y,
pliting, .
. 1-3,000 . Proniue pibe of Bibrove, Frlarvals tocaltsed . Extyrpad: Incallaed netlwe vofls molst clay, .
3,008 b Yo ) " i steting: Y perl, ¥a pitling 2k svasy and FuchfINL; daad dd tosd Battent 14t wa chay,
seam ol tind dopiom where tley vieck Lo tzk,
rent end,
a3 (172 rake of Viorage dar £atermaly 8 part, end Cetgrastr Jocitlsnd érop | Mathwi solly wendesqley,
L talse ey 1-2.0% Bayw I":’n.uuth. aarp-Toisdfied pldtimg, pliting. BackBL11] wip salive falt,
1- 1000 Regelar Calevwzls ) part, and -
R Lewy Tocellyzd pliting,
" 1 na Malit]  Tes 1-3,p00 Ko hesd | Woter i Lock dad i3 Taterngls 3 pecl, 44 top Caternils very winar Kuiien 3Vh: hedvy 1endy Entuernd eiby,
8 Sheppard Ave, £ wirt.- ‘:“l} :; batlen, 2t} et pHEL A 1ony batlow. Dechfibth: clysn voad,
L L0} .
14 mlst] 1+3,000 Frealum }*p:‘:ﬁt:'g:r M4 L tateensbr 07 pud, 1a Eaternals sirar lacalized § Mitlor 1481 mebac ooy, *
$t. CEeve & Trnapdy (] P . bellon ard 1ldr of tepk wENIng. v Bkt o0y walle tuil,
- LU TRLU LTS . y ,
frgany b jtomwer} | 1o uh | o Laooal & Mpler  Ltue s, 1 ] tererpats devees pitling ST T Fraive aeite ey,
) . wiih § prrférationt, RS mu{u: sand and 2lsy with dabely;
N ':“P SV Viee and plank fa cenlict with tamd,
Company & {Cpatwr} {15,360 LTEY I T . oo plmest 0 g ) Jnternats 2uas iw perfuct fsniiee dntts Vand 1111 s120,
. i . : . Lo . R copdfiion. I -;'"e . Reph il gimd, '
X ‘ i HEE . oy .
i Y .l
§.4,003 Eegulae § Bager o furk, - ! Cevrraels bocatined - faternalr Madiy pit Estive seths gley. -t
1100 it I b $ § tapler g Gard v 2ty ik § et and yeoged, [+ IA1IIEL VIS bud task butjaem et pa g1y,
_&4 K o L ; ¢ -
a i Uster 19 gaet, Esternalt tecalised Eatatmats drep wad Sevapn

L T W L F L
T R
el Tytermsis ) pariscatioa, Eaigraadi ,'rf;]n:.f.-%;ﬁ:
K«:"“ Trdershit 3 perloradicn, B TV R
4 L By % -

e

4 .
B .

i
%?L

s

%
b

- R o
“wf{en Bt e
I e thip, €l :

IR B

e
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. ) . CEEATLS OF THGC FIHITALS ATTEROLS BY CTAL TANIS M . ~
lesitag Tears #ther Tinks
3 Salf ”
D::;“ r:nn- Intermlly | %0 & - ha. b .
it Lerdtton Teidy | ot |ralan f sutfide ] $.8.93 dnvpectes Stre | Koe | Fremct Resyan for Resavid fagrontea Netlally Sir Ayt | Preduct Carresion Detalls Ramarks
fropany & 1,40 [ 1.6 [relit] ®a L] N 1:2.000] 18 | Fremban | tibleg on witers weyrade | Extermals Jacolfred 1-2,000] 10 § %a Lead [ Shegat guipens) .nu.. Kather 15l): e, owddy thay,
fiser 1 Litinyian . #f- S tarnge. ;i:::v;r tn :1::; s Ven] o gl mlp Boch TSz vt sand wletd wtin elay.
. N s . '
Comgqry L 1,00 1.7 [reivl] Yes " L) Upgride of starags dor £-5,000] 7 Regulir | pe coresifoni arer " '
Sruthéren | Treqcalt i redarlapenl, . 5,000 8 17 ) Eeguler {pertect condition,
LITISTIEN . B : 1-4,000F 12 } Mo Lead Gord Imtalisiing,
- . 1-3,000 ) 17 | Preafom - '
Tospany L £2.000 § 0.7 [Hetit] T L] 1Y $23,000 ] tF ] Mepular | Bip records indtcate tatermaty III In. el .
A1 Hemler floant . e 1,10 galtens Inst ever | below fLIE " ' :::m‘:::l 11;“’ E oh s e vty
ot rbaromcp Fi-brwt paried, frierter nl' u-l terired Betd Pl
;::hlulung and surtase Mater beble: II\JL
Company & 3,000 |87 |5t Tes f oAt [ 7Y 3,005 ] 18 | Proslua ]| Uprade of tlarese, Totermal: tecallaed o [3-0,000 | 10 Jmequisr | Ceteenats tncallnad Rettve bull: sl cley,
Yoy, 1Y & ey, 127 ' i sltitngs 3 perk, In FHiting 8 sopen and AachIN1L s3ad bl Tank Latiows et oo chi
Yahoedset § ytam 4t tank Kaltpa shere cloy sluch lo tamh, . . i
veal yud, .
Crogpray & 1o [refmnt] ves | on ™ 13,009 | W0 | sagular | Uparade of stacig