CHAPTER 1
INTRODUCTION

1.01 Avuthorization.

The research work deseribed in this report was
originally authorized by Standard Agreement No.
12-28, dated 25 Janunary 1962, and extended by Stand-
ard Agreement No. 12-16, dated 1 July 1962, both
between the California Institute of Technology and
the then-named C(California State Water Pollution
Control Board. The latter agreement specified that
an annual report of all work completed between 25
January 1962 and 30 June 1963 be submitted by 30
September 1963. In compliance, the first annual re-
port (1) was prepared and 100 copies were submitted
in September 1963.

The project was extended until 30 June 1964 and
modified somewhat in its specific objectives by Stand-
ard Agreement No. 12-16, dated 1 July 1963. This
agreement also called for an annual report to be sub-
mitted by 30 September 1964 and to contain not only
the 1963-64 results but also all significant data and
information obtained from the inception of the projeet
in January 1962. The second annual report (2) was
prepared and 100 copies were submitted in September
1964. A limited number of additional copies of both
the first and second anmual reports were reproduced
and distributed upon request to interested parties.

The third and terminal year of the project was
authorized by Standard Agreement No. 12-16. dated
1 July 1964. Although the general objective remained
the same, the specifie objectives were modified some-
what to comply with developments during the first
two vears of the project.

To supplement the project and to provide technical
liaison with its other aectivities in wastewater reclama-
tion, the Chief of the Division of Water Supply and
Pollution Control of the U. S. Public Health Service
agreed to assign one of the commissioned engineers to
Caltech to serve as project engineer. The assignment
of Dr. F. C. McMichael to this post became effective
in February 1963, and terminated in Aungust 1965.

The Los Angeles County Flood Control District
(LACFCD) and the Los Angeles County Sanitation
Districts also agreed informally to cooperate on this
project. The LACFCD has assigned personnel to op-
erate the test basins and the well-monitoring program,
to take samples and deliver them to Caltech, and to
inake field analyses and observations. Furthermore,
under contract with Caltech, LACFCD agreed to con-
struct two test basins and drill three sampling wells.
Personnel of LACSD have cooperated by providing
analyses and data relative to operation of the Whittier
Narrows Water Reclamation Plant and by participa-
tion in monthly coordinating conferences.

1.02 Purpose.

The general objective of this research has been to
investigate the effects of percolation of highly treated
activated-sludge effluent on the quality of water in
subterranean aquifers. More specifically, the project

was oriented toward the water-reclamation activities
of the Los Angeles County Sanitation Districts
(LACSD) and the Los Angeles County Flood Con-
trol Distriet (LACFCD) in the area of Whittier
Narrows. It was the broad intent of this project to
determine how the reclamation of wastewater in this
location might possibly influence the quality of
eground water,

1.03 Scope and Limitations.

Each of the aforementioned Standard Agreements
included an Exhibit ©“ A’’ delineating the scope of the
investigations to be undertaken that year. The de-
tailed items differed somewhat from yvear to year, but
for the most part embraced the following specifie
objectives:

a. To study the effects of intermittent percolation
through seil or sand on the chemieal and biological
(quality of wastewater, especially with respect to:

(1) mineral constituents such as total dissolved
solids, chlorides, and nitrogen compounds,

(2) organic parameters such as chemical oxygen
demand, biochemical oxygen demand, and volatile
solids,

(3) svnthetie detergents, including the new linear
alkylate sulfonates (LAS) as well as the common
alkyl benzene sulfonates (ABS),

(4) coliform bacteria, and

(5) enteroviruses.

b. To assay products from the degradation of or-
ganic substances and insofar as feasible to define
pathways of decomposition and to identify the major
organisms.

¢, To study the reaction rates and other phenomena
associated with adsorption and desorption, oxidation
and reduction, and ion exchange in the soil column.

d. To relate respiratory parameters (i.e. the oxygen
demand and the mechanisms for reaeration) in the
soil column.

e. To investigate methods for evaluating the bio-
degradability of ABS, LAS, and other exotic organie
substances in soil eolumns,

f. To develop improved means for aceelerating or
otherwise fostering biochemical stabilization in inter-
mittent spreading operations.

e. To evaluate the rate and extent of travel of fecal
organisms through the soil.

h. To measure the patterns of dispersion and diffu-
sion of effluent under field conditions in the soil and
underground strata insofar as possible.

i. To develop guidelines for the optimum operation
of spreading basins for ground-water recharge with
treated wastewater effluent,

The scope of the project as speeified in the nine
items above is very broad. Consequently, it was recog-
nized that some aspects would probably develop
rapidly while detailed investigation of other factors
would have to be postponed or perhaps deleted. It was
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anticipated, moreover, that the direction of the project
would change as developments in the field operations
were altered. For that reason, the seope of the project
has broadened in some aspects and contracted in
others.

Within the limitations of time, personnel, and
budget, it was not anticipated that this project would
embrace a comprehensive ground-water survey or that
complete chemical and biological analyses would be
performed on all water samples. Instead, it was
planned that the project staff would cooperate with
the Los Angeles County Sanitation Distriets, Los
Angeles County Flood Control Distriet, and other
agencies in an interchange of analyses and other data.
Such cooperation has been most effective to date.

1.04 Organization of the Project.

The work on this projeet was divided into two
major categories, viz. field investigations and labora-
tory bench-seale studies. The field investigations, in
turn, were separated into spreading operations and
chemical analyses of wells in the general area of
Whittier Narrows. Chapter 3 gives a general picture
of water-reclamation activities and the relation of this
research project to the over-all plan. The results of
field investigations and concomitant laboratory anal-
vses for the test spreading basins are presented in
Chapter 4. The well-sampling program is summarized
in Chapter 5. Special studies in laboratory soil col-
umus are deseribed in Chapter 6. Remaining chapters
diseuss special phases of these results.

Prior to July 1963, much of the laboratory bench-
scale research was performed by or under the diree-
tion of Dr. K. R. Johansson and Dr. Ludwig Hart-
mann. The results of their investigations were desceribed
in Appendices A and B of the first annual report, and
reviewed eritically in Chapter V of that report. Sub-
sequent to that work, however, further investigations
revealed that the findings in Appendices A and B
were no longer relevant. In the interest of clarity and
brevity, therefore, these appendices have been omitted
from this report. Much of the material in Chapter V
of the first report is incorporated at various places in
this final report.

1.05 Personnel.

The engineers, scientists, technicians, clerk typists,
and others who have worked on this project under
Caltech administration are listed in the following
tabulation. Their contributions and assistance are
gratefully acknowledged.

Approximate

Name Category Dates of Participation

Melvin E. Holland Associate Research Feb. 1062-8ept. 1062
Engineer

Robert B. Scott Laboratory Aide June 1962-8ept. 1062
(Student)

David A. Mann Laboratory Aide Oct. 1962-May 1963
(Student)

Ralph E. Pressman Scientist Mar. 1962-Nov. 1962

May 1962-Aug. 1963
Mar. 1962-Feb. 1963
Oct. 1963-Jan. 1964

June 1964-Sept. 1964
Jan. 1965-Aug. 1965

Research Fellow
Associate Professor
Junior Chemist
Research Assistant
Laboratory Alde

Ludwig Harimann
Karl R. Johansson
Ann P. Miller
Linda 8. Keene
Jean E. Edens

Joann Kiekover Clerk Typist Jan. 1063-Mar, 1964

Joy C. Smelser Clerk Typist April 1965-Sept. 1965

Jesse C. Watt Laboratory Technician May 1963—July 1965

Francis C. McMichael Project Engineer Sept. 1962-Feb. 1963
(Caltech)

Jack E. McKee Project Director Feb. 1962-8¢pt, 1965
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CHAPTER 2
A REVIEW OF PAST EXPERIENCE IN GROUND-WATER RECHARGE

The planned artificial recharge of ground-water
basins for angmentation of potable water supplies has
been practiced for over a century, especially in
Europe. Much of the literature discussing this ex-
perience is summarized by Todd (23, 24) and by
Rambow (25). This chapter will be a short résumé of
some of the pertinent findings by various investigators,

2.01 Surface Spreading.

Many of the operational procedures used in ground-
water recharge are based on experience with artificial
filters, i.e., slow sand filters for water treatment and
intermittent sand filters for sewage treatment. In
prineiple, percolation through soil is very similar to
percolation throungh a fine-grained biological filter.
Purification is accomplished by mechanical, physical-
chemical, and biological processes. Normally. artificial
filters have some type of collection gallery as the ter-
minal part of the filter, whereas a surface spreading
operation normally permits the percolated water to
reach the main hody of ground water. This recharged
water is not taken out of the ground by ifself, but
attempts are made to cause it to blend with other
waters underground so that the pumped water has no
distinet identity.

2.02 European Practice.

The artificial recharge of polluted river waters is
widely practiced in Sweden. Germany, and the Nether-
lands and to a lesser extent in France, Great Britain,
and Spain. Recharge in Europe is accomplished par-
tially to conserve flood waters, but primarily as a
mechanism for purification. Many European water-
works officials frown upon the direct use of surface
waters for munieipal water supply, even after modern
treatment methods. Instead, they prefer to utilize
ground-water supplies, relying upon natural phenom-
ena associated with flow through seil to provide ade-
quate treatment. At Wiesbaden, for example, polluted
water from the Rhine River is spread and percolated
intermittently through natural seil into infiltration
ealleries and wells,

At many locations in the Netherlands, the planned
percolation of polluted surface waters into sand dunes
augments the natural ground-water resources and also
militates against salt-water intrusion (27). Polluted
water from a branch of the Rhine River and from the
Amsterdam-Rhine shipping canal is recharged through
infiltration basins to aungment the water supplies of
Amsterdam, Haarlem, Leyden, and The Hague. Ac-
cording to Baars (28), the color is diminished by 50
percent, the permanganate consumption by two-thirds,
and the suspended matter by 100 percent as a result
of flow through soil. Nitrates are largely destroyved by
denitrification. There is little change in chlorides, bi-
carbonates, and hardness. Dissolved oxygen is de-
pleted by percolation and surprisingly the sulfates are

decreased by 50 percent. There are slight inereases in
carbon dioxide, ferrous iron, and divalent manganese.
Coliform organisms are absent in the filtrate.

In England, experiments on intermittent percola-
tion through soil were conducted with biologically
treated wastewater effluent and with water from the
River Trent, of which as much as 36 percent of the
normal summer flow at Nottingham originates as
wastewater effluent (29). Results of percolation with
river water showed no significant change in total dis-
solved solids, hardness, magnesium, caleium, sulfate,
or chlorides, but almost complete removal of heavy
metals (nickel, e¢hromium, zine, lead, and copper).
For the wastewater effluent. BOD concentrations were
diminished by 80-90 percent and almost all organic
nitrogen and ammonia were converted to nitrates. In
one or two feet of percolation, approximately 96.5
percent of the coliforms were removed.

Israel.

2.03

A project is being designed for the reclamation of
wastewater from the Tel Aviv metropolitan area, esti-
mated to process more than 72 million gallons per day
by the vear 1990. The wastewater will be stabilized
first in lagoons and then percolated intermittently
into sand dunes for subsequent recovery through
wells. Preliminary investigations with experimental
spreading basins indicated that vertical percolation
and lateral ground-water travel over a distance of
about 26 feet produced a potable water. Little change
oceurred in the concentrations of total solids, chlo-
rides. sulfates, and pI. The 5-day, 20°C biochemical
oxygen demand was decreased by over 75 percent to
a mean of 5.8 mg/l and the chemical oxygen demand
was reduced on the average from 172 to 85 mg/1. The
iron increased from 0.28 to 0.57 mg,/] and manganese
from 0.08 to 0.19 meg/l. The total nitrogen in the per-
colating water was decreased by about 40 per-
cent (50).

2.04

The most extensive investipations of ground-water
recharge by percolation of wastewaters have been
conducted in California, especially in the Tos Angeles
metropolitan area. In addition to planned perecolation,
it should be recognized that the incidental recharge of
ground-water basins by percolating effluents occurs
at many inland locations where treatment plants dis-
charge to dry river beds or to spreading basins. In-
cidental recharge also fakes place from innumerable
cess pools and subsurface drainage fields.

In 1949, the Los Angeles Connty Flood Control
Distriet (LACFCD) eonstrueted test spreading basins
to percolate effluents from the Azusa and Whittier
wastewater treatment plants, both of which utilized
trickling filters for econventional secondary treatment.
The soil at Whittier was much finer than that at

Los Angeles County.
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Azusa. Sampling pans were installed at depths of 4, 5,
6, and 7 feet below the surface at each location. As
reported by Stone and Garber (31), percolation of
effluent at rates of about one foot per day produced
water at the 7-foot pans free of coliform bacteria and
with a BOD of less than 0.5 mg/], provided that aero-
bic conditions were maintained. At Azusa, the total
dissolved solids in the treatment-plant effluent were
only 172 mg/1 higher than those in the municipal
water supply. Stone (32) further discusses the bene-
fits of the intermittent spreading operation for waste-
water stabilization and suggests some design criteria
for the wastewaters. The merits of aerobic treatment
are discussed with emphasis placed on reduction of
odor and insect nnisance by employing an intermit-
tent operation. Stone suggests a design load criteria
of 45 Ib./acre /day based on the 5-day biochemical
oxvgen demand.

Some of the activities of the LACFCD with respect
to spreading of storm run-off as well as wastewaters
are discussed by Baumann (33). Off-channel spread-
ing has been carried out since 1960 in Los Angeles
County. As late as 1944-45, there was no ocean dis-
posal of wastes from the San Gabriel Valley, but in
1956 the wastewater flow to the ocean from the Valley
was 35,000 acre-feet per vear, thus reducing ground-
water replenishment by a considerable amount in only
10 yvears.

Starting in 1955, LACFCD conducted tests near
the Hyperion treatment plant of the City of Los An-
geles to determine the effectiveness of percolation
through dune sand to polish the high-rate activated-
sludge effluent for subsequent pressurized injection
into a confined aquifer. The results were reported by
Van der Goot (34) and by Laverty et al. (35). When
intermittent operation was employed, percolation
rates of one foot per day were obtained through a
13-foot depth of dune sand. With effluents from the
high-rate activated-sludge process, percolates aver-
aged only 3.5 mg /1 of BOD and 7.5 mg/1 of suspended
solids. With standard-rate activated-sludge effluents,
the results were even better. Detergents were reduced
to an average of 1.1 mg/l. Tests at a collecting pan
seven feet below the surface showed reductions in
coliform concentrations of 98.0 to 99.9 percent. With
intermittent spreading almost all of the nitrogen com-
pounds were converted to nitrates. The percolate was
well-stabilized, of sparkling clarity, and odorfree.

. The wastewater reclamation research at the Hype-
rion site was reactivated in 1961 by LACFCD and
Caltech. In these experiments, however, the effluent
Was prepared for well injection by rapid-sand or di-
atomite filtration rather than by intermittent spread-

mg on soil or sand.

2.05 Experiments at Lodi, California.
In 1949-1952, the University of California con-
ucted extensive field experiments on the spreading
of wastewater at Lodi, California, utilizing activated-
sludge effluent with a BOD of about 10 mg/l and
fff,tifd sewage with a BOD of about 100 mg/l. This
X Was sponsored by the California Department of

Public Health and the California State Water Pollu-
tion Control Board. Samples were collected after per-
colation through 1, 2, 4, 7, 10, and 13 feet of a fine
sandy loam (4, 37). Basins were generally flooded for
7 or 14 days and then rested for 7 days. Some basins
were flooded continuously. It was concluded that:

a. A bacteriologically safe water can be produced
from settled sewage or from final effluent if the liquid
percolates vertically through at least four feet of soil.

b. A water of satisfactory chemical quality can be
produced from settled sewage or from final effluent,
providing high concentrations of undesirable indus-
trial wastes are not included in the raw sewage.

e. In order to obtain good rates of percolation, a
highly treated wastewater effluent must be used. With
such an effluent, percolation rates of 0.5 feet per day
or better can be achieved with this soil,

The University of California has also conducted
extensive investigations at Richmond, California, on
percolation through lysimeters (37) and for direct
injection into a confined aquifer (38, 39).

2.06 Santee, California.

A wastewater reclamation scheme using the effluent
from a small (about 1 MGD) activated-sludge treat-
ment plant which is stabilized in an oxidation pond
and then spread in a dry river channel has been the
subject of study at Santee (40). The spreading basins
are operated intermittently and presently the per-
colated water travels about 1000 feet through sands
and gravels before being collected and diverted into
recreational lakes. Three lakes with between 6 and 11
surface acres each are used for recreational boating
and fishing. In the summer of 1965 a swimming area
was created using percolated effluent that was chlo-
rinated. Primary emphasis on Santee was on the
determination of the fate of viruses and bacterial indi-
cators throughout the treatment process. The micro-
biological and virological work (41) indicates that
samples of raw sewage, settled sewage, and final ef-
fluent were 100 percent positive for enteric viruses,
vielding 13 distinet viruses. The percent of samples
positive after about 30 days detention in an oxidation
pond dropped to 25 percent, and the percolated waters
and recreational lake waters have been consistently
negative for virus. A special study (42) subjected the
filtration zone to a massive dose of attenuated polio
Type III virus (about 3.5 X 10° PFU per liter in the
applied percolate) in November 1964. Samples of
percolate at distances of 200, 400, and 1500 feet were
found to be completely free of virus.

2.07 lllinois Experience.

At Peoria, Illinois, considerable success has been
achieved in the replenishment of ground water by
artificial recharge with Tllinois River water (43, 44).
This source of supply includes all of the sewage from
the City of Chieago, but fortunately this wastewater
now receives a high degree of treatment and conse-
qently the Illinois River at Peoria is in relatively good
condition. Originally small test pits were used for
experimental purposes, but in 1959 the Peoria Water
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complished at the University of Illinois on the adsorp-
tion and retention of alkylbenzenesulfonates (ABS)
on granular media.

2.08 U. S. Public Health Service, R. A. Taft Sanitary
Engineering Center.

Considerable laboratory research on percolation
through soil systems has been condueted at the Robert
A. Taft Sanitary Engineering Center of the USPHS
in Cineinnati, Ohio. Much of this work has been sum-
marized by Robeck et al. (45). On the basis of pilot-
plant studies using septie-tank effluents and soil ly-
simeters, the following seven design parameters were
suggested :

1. Start with a soil that has 0.5-1 percent organic
matter, or at least an adsorptive additive to provide
retention at an early stage.

2. Use a soil that has an effective size of about 0.1
to 0.3 mm to have low enoueh permeability.

3. Make the depth to ground water be at least 10
ft. (3 m).

4. Start with a 1 gallon per day per sq. ft. (0.04
en. m./day/sq.m) loading, but inerease a month later
to 3 gallons per day per sq. ft. (0.1 cu. m./day/sq.m).

3. Apply wastewater three to six times per day.

6. Mix in a 4-inch (1.3 em) transplant from an-
other biologically active bed to insure early treatment.

7. Avoid starting at or under 40°F (4°C) unless
an adsorptive additive is used on top of sand.

Robeck et al. feel that the above design factors will
help effect a 90 to 95 percent reduction of ABS and
other COD components as well as nearly complete
removal of coliforms and polio virus from septie-tank
efffuents and protect the pollution of the receiving
ground waters.

2.09 Intermittent Sand Filter Practice Applicable to
Surface Spreading.

The design and application of intermittent sand
filtration for sewage and industrial waste treatment
are discussed extensively in sanitary engineering text-
books (46, 47, 48, 49). Presently the intermittent sand
filter has been abandoned as a method of normal mu-
nicipal sewage treatment because of the large areas
occupied by the filters. However, when used properly
the intermittent sand filter has been known to give
consistently an extremely high-quality effluent of
sparkling clarity.

T

0.04 cua. /day/sq.m.) for septic tank effluents, 2 to 4
gpd/sq.ft. for settled sewage, and 10 gpd/sq.ft. for
secondary effluents. Application at the rate of two
doses per day is preferred.

Furman et al. (51) demonstrated quite dramatically
the capabiltiy of obtaining better than 95 percent
BOD removal through 18 and 30-inch sand beds of
0.25 and 0.31 mm sands when a loading inerement was
inereased from once to twice per day. The improved
performance was found over a range of loadings from
100 to 300 thousand gallons per acre per day (100,000
gallons per acre per day = 0.307 ft/day = 0.101
cum./day/sq.m.) for a settled sewage.

Calaway (52, 53) examined in detail the biology
of a 30-inch experimental filter bed of the type used
by Furman. Core samples from the surface and the
6-, 12-, 18-, 24. and 30-inch depths were assayed.
Zoogleal bacterial predominated at the surface and
6-inch levels with plate counts on the order of 10!
zoogleal baecteria per gram of sand. Below the 12-inch
level zoogleal bacteria were appreciably reduced in
number possibly owing to a lack of sufficient oxygen
and reduced amounts of nutrient. Of the general
heterotrophic bacteria at the heavier dosing rates,
Plavebacterium was the most prevalent at the surface,
12- and 18-inch levels and the second most numerous
bacterium at the 6-inch level. Its presence was not
detected below the 18-inch depth. The genus Bacillus
was most numerous at the 6- and 30-inch levels. At
least one member of the genus Alcaligenes was found
in all levels except the 6- and 30-inch depths. Alecali-
genes bookeri was the most numerous organism of the
24-inch level and the second most numerous at the 18-
inch level. Whereas total plate counts were of the
order of 10'' organisms per gram of sand at the sur-
face and 6-inch levels, the total counts became less
than 107 organisms per gram of sand at greater filter
depths. A 95-percent reduection in coliforms was ob-
served in the percolate with the final filter effluent
having about 10* presumptive coliforms per milliliter.
The coliform content of the sand samples showed
geometric mean concentrations of about 103 coliforms
per gram of sand at the surface diminishing with
depth to less than 10® coliforms per gram of sand
at the 24-inch level. Fecal streptococei showed little
change (only a 20-percent reduction) between the
influent and effiuent, having a geometric mean of
about 2 X 10° organisms per milliliter. Sand extracts
showed concentrations of 2 X103 fecal streptococcl
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per gram at the surface and less than 50 fecal strepto-
cocel per gram at the 30-inch level. ) _
In general, Calaway concluded that increases in
dosing rates resulted in increases in the bacterial pop-
ulation of the filter. Fourteen species of general
heterotrophic bacteria were isolated from various
levels of the filter with Flavobacteriuin and Bacillus
predominating. At high rates Flavobacterium pre-
dominated, but at low dosing rates (150,000 gallons
per acre per day) Bacillus exceeded Flavobacterium.
Zoogleal bacteria exceeded in number the general
heterotrophic bacteria. There was a decrease in count
of all species of bacteria with depth, but the rates of
decrease were not equal for all species. No relation-
ship between the decreasing numbers of eoliforms and
fecal streptococei extracted from the sand at inereas-

ing filter depths and the decrease of organisms in the
filtrate was established. Coliform organisms and fecal
streptococel may play an important part in the rapid
decomposition of carbohydrates found in sewage,
owing to their continuous presence in the filter and
great activity in carbohydrates under laboratory con-
ditions.

2.10 Whittier Narrows Study.

In January 1963 a field study was initiated at Whit-
tier Narrows, California, to study the quality changes
in an activated-sludge effluent recharged into the
eround by intermittent surface spreading. The results
of the 27-month study are reported in detail in sub-
sequent chapters of this report.



the topography called the Whittier Narrows. The
Whittier Narrows separates the La Merced Hills from
the Puente Hills. To the west, the La Mereed Hills
rise to over 600 feet above sea level, while on the east.
the Puente Hills rise more sharply to about 1400 feet
above sea level. Topographic relief is not extreme,
however, sinee the ground-surface elevation at the
Narrows is about 200 feet above sea level.

In addition to the surface drainage which is focused
at Whittier Narrows, the subsurface ground-water
flow from the San Gabriel Valley also passes through
Whittier Narrows, To the north in the San Gabriel
Valley, the depth to ground water may be several hun-
dred feet below the ground surface. Because of normal
faulting and the presence of impermeable igneous
rocks, the ground-water flow is foreed laterally and
vertically to come near the surface at the Narrows
where the depth to ground water may be only 10 feet
below the ground surface. In fact, a condition of
“rising water’ is not uncommon adjacent to the
lined Rio Hondo channel. A special unlined canal is
maintained to direet this water south to the Rio
Hondo Spreading Grounds,

A broad floodplain has been formed to the south
where the Rio Hondo and San Gabriel rivers emerae
from the Whittier Narrows. This area is known as the
Montebello forebay. It forms the conneetion between
the ground water in the San Gabriel Valley and the
two laree ground-water basins to the south, namely
the Central Basin and the West Basin. TLocated in the
Montebello forebay are the Rio Hondo and San
Gabriel gpreaduw Grounds which are operated by
the Los Angeles Flood Control District (see Figure
4-1. For many years water has been spread at these
areas for the purpose of recharging ground-water
aguifers in the Central and West Bfifsms Until the
opening of the Whittier Narrows Water Reelamation
Plant. the water used for recharse has been exclu-
sively storm run-off and purchased Colorado River
water. Recharge has been necessary in these basins
because for many years the pumping of the ground
water has exceeded the safe yield. This overdraft has
resulted in a lowering of the around-water table to
such a degree that ‘rhere has heen sea-water intrusion
into the formerly fresh-water aquifers for many miles
along the Los Anorleg coast,

3.02 The Rio Hondo and San Gabriel Spreading
Grounds.

On both sides of the Rio Hondo channel are located
spreading basins, The total available area at Rio

(9)

dikes and an earth dam, water is ponded in the San
(abriel River chanunel and recharged into the ground-
water system. During 1964 over 88,000 acre feet of
Colorado River water were spread in the Montebello
forebay. Similar or larger quantities of water have
been spread each year since 1957 by the Los Angeles
County Flood Control District. However, with in-
creased demands for imported water it is not likely
that such quantities of Colorado River water will con-
tinue to be available for ground-water recharge.

The Rio Hondo Spreading Grounds are divided into
modules of about 10 acres each. These smaller basins
are operated in a pattern of rotation such that a basin
may be flooded for four days and then allowed to
rest for eight to ten days. This method of intermittent
loading has proved to be very satisfactory for the
recharge of storm run-off and Colorade River water.

3.03 The Whittier Narrows Water Reclamation Plant,

In August 1962 the Los Angeles County Sanitation
Districtz released the first waters from its Whittier
Narrows Water Reclamation Plant. This reclaimed
water provides an additional source of supply for
ground-water recharge in the Montebello forebay.

The Whittier Narrows Water Reclamation Plant
and the plans of the Los Angeles County Saniration
Districts for additional water-reclamation plants are
described in their recent report (3). The Whittier
Narrows Water Reclamation Plant is located about
one mile north of the Whittier Narrows Dam in the
dam reservoir area (see Ficure 4-1). Wastewater is
directed into the plant from a trunk sewer which runs
through the plant site parallel to Rosemead Boule-
vard. This sewer is the principal artery for waste-
water disposal for the western half of the San Gabriel
Vallex. The wastewater is primarily of domestic origin
and comes from an area where nearly 36 percent of
the water supply is taken from ground water.

The plant was designed as a 10-million gallon per
day (MGD) activated-sludge treatment plant but it
has been operated successfully at rates of 14 MGD.
There are no sludge-processing facilities at the plant,
and all sludge from the plant is returned to the
trunk sewer. Tn addition to the conventional zecon-
dary treatment, the Los Angeles County Sanitation
Districts  added a tertiary foam-fractionation or
foam-szeparation unit in Apml 1963. This additional
treatment was introduced in order to reduce the
concentration of the synthetic detergent, alkyl ben-
zene sulfonate (ABS), to less than 2 mg /1 in the final
plant efftuent. By producing such an effluent, the
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Sanitation Districts were able to satisfy the detergent
criteria of the Regional Water Pollution Countrol
Board without necessitating the purchase of natural
water for dilution purposes.

Tables 3-1 and 3-2 summarize the chemical quality
of the effluent from the Whittier Narrows Water Rec-
lamation Plant as reported by the LACSD. The ef-
fluent is highly stabilized organically and it is lower
than Colorado River Water in terms of its total dis-
solved solids. The requirements of the Regional Water
Pollution Control Board No. 4 are also shown. Hex-
avalent chromium was a problem for a short period
of time, but arrangements for treating or hauling
away the strong chromium wastes of the isolated in-
dustrial sources have eliminated this problem.

Because of the successful operation of the plant at
its current capacity, plans have been formulated for
expanding the capacity. These plans have been de-
seribed by Parkhurst (3).

Table 3-1-Summary of analyses of final efluent from Whittier
Narrows Waoter Reclamation Plant * (17 April
196320 November 1963)
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3.04 Ground Water Recharge with Reclaimed Water.

The effluent from the Whittier Narrows Water
Reclamation Plant is spread in the Montebello fore-
bay by the Los Angeles County Flood Control Dis-
triet. This water is purchased by the Central and
West Basin Water Replenishment District from the
Los Angeles County Sanitation Districts. Although
the mineral quality of the effluent is excellent, the
presence of residual organic solids, color, pin-point
floe, and some microorganisms precludes direct re-
utilization. One of the objectives of the surface spread-
ing operations of the Flood Control District is to pro-
vide a form of tertiary treatment. It has long been
known that vertical percolation through the zone of
aeration in soil and lateral movement beneath the
ground-water table or in confined aquifers serve to
purify water and stabilize it. Ground-water basins
can be used effectively for water purification, trans-

Table 3-2—Summary of analyses of final effluent from Whittier
Narrows Water Reclamation Plant * (8 January
1964—April 1965)

} ]
| RW.P.CB. I RW.P.C.B. |
No. 4 | | No. 4 |
g require- | No. of pae require- ] No. of
Determination ment ‘ Mean | Maximum | Minimum | tests Determination ment Mean | Maximum | Minimum | tests
|
General -| | General |
|; S A e o i 1] T4 I' 7.9 7.1 14 B e e ! = 7.85 8.05 | 7-20 17
gindumiul oxygen demand, | | Bioch . I oxygen d d. |
Fmal efffuen:..__.._...... --| =28 6.2 1.6 8 Final effluent____.._._____ 5 10 1 18
Secondary efuent_________ | 18 25 11 7 Secondary effiuent .. ... .. 7 46 T 2
Alkylbenzenesulfonate, | | Alkylbenzenesulfonate, mg/1__ 20 1.9 3.0 0.8 20
A 2.0 1.6 1.9 1.0 | 14 Ammonia, as N, mg/l________ L5 16.0 214 | 122 17
B 15.8 21.0 1.6 | 14 Tatal nitrogen, as N, m%’l....- s 19.3 240 | 13.8 8
17.4 23.1 14.2 14 Total carbon, as C, mg/1..... o 60 126 [ 2ok 15
rbon, as C, mg/ 78 133 58 | 14 Total solids, mg/l. ... == wil BES 57 | 596 ir
Total solids, mg 1. ..... -- | 635 | 674 523 14 Suspended solids, mg, = B 25 I 20
Suspended solids, mg/1. . - -] & | 11 1 14 Dissolved solids, mg/l........ 1000 654 7 | 584 20
Dissalved solids, mg/1........| 1000 | 630 | 668 522 14 Electrical conductivity,
ical conductivity, H ! | micromhos/em.. ... .. ! -- | 1070 1243 908 |
micrombos em..........| -- | 990 1129 | EOD 13 Chemical oxygen demand, | ] |
o [ [ e, D T | o e % Fam | s
Major mineral analyses i | ]
Total hardness, 2= CaCO,, Major mineral analyses
mg/1 -] 190 208 155 14
Y ' 8 |2 |8 |5 ol I+ I T O 1 S
- mg, - -
Sodium equivalent ratio, .- B0 58.0 62.9 54.2 14 i [ . « 20.5 23.0 18.0 17
Total inity, as CaCOs, Sodium equivalent ratio, 5. 60 55.2 58.6 51.9 20
SRR L R A 236 263 217 14 Total alkalinity, as CaCOs,
s 110 124 52 14 ng,/1 e 238 273 200 15
L 112 126 82 14 Chlori 118 151 96 20
Sulfates, m 139 156 111 20
500 222 ] 248 17 4 Chlorides 500 257 285 207 20
| | Trace mineral analyses
0.05 | o.01 | 0.03 0.00 14 Arsenic, Mg/l e eeeeeeeeeeae 0.05 0.00 0.05 0.0 18
2.0 0.65 | 0.80 0.45 14 Boron, 7). - cnicossinss 2.0 0.70 0.95 0.46 20
0.05 0.03 0.18 0.00 14 Chromium, hexavalent, mg/1 . 0.05 0.05 0.14 0.00 17
3.0 0.10 0.20 0.04 14 = 3.0 0.11 0.30 0.00 18
1.5 0.82 1.08 0.65 14 1.8 1.0 1.54 0.60 18
0.1 0.04 0.32 0.00 14 0.1 0.02 0.04 0.00 18
e 0.025 0.10 0.00 14 o 0.06 0.32 0.00 17
0.3 0.032 0.16 0.00 14 0.3 0.08 0.32 0.00 I
s 0.00 0.10 0.00 14 y SR, s 0.02 0.20 0.00 18
£ 0.025 0.30 0.00 14 s 0.005 0.009 0.001 20
0.05 0.00 0.00 0.00 2 0.05 0.00 0.00 0.00 B
15 0.036 0.32 0.00 14 15 0.08 0.21 0.00 18

* From data supplied by Les Angeles County Sanitation Districts.

* From data supplied by Los Angeles County Sanitation Distriets.
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portatlon .md storage; but they must not be polluted Table 3-3—Summary of water spread in the Montebello
triet, the time may ‘come when 1mpmted water is no %E?rmuc“;?ﬁ??] il
longer available, and wastewater may constitute a 7139 L130 | 19,38
major portion of the water a railable for spreading. T 18,480 12,673 | 105,192
At that time, knowledge obtained by test-basin studies |
will aid the apreddmg operations in getting good January.....ooooo.ooooo.o.oo. 1208 | i Lo |
tertiary treatment as well as optimum hydraulie ac- 7200 | ’395 1000 | 133
ceptance. il hel e
Table 3-3 is a summary of the volumes of Colorado .l ng T | i

River water, local water, and reclaimed water spread o i Hg; luiid
by the Los Angeles County Flood Control District in 10,530 | 602 138  12478
the Montebello forebay since the inception of this 10 g i 1005 | 1708
project. 88117 | 13,813 13,596 | 115,526

20,220 | 800

11,080 577

Grandtotals..._........| 108515 33610  ssavs| 235k
* Information supplied by the Los Angeles County Flood Uontrol iastoict.




CHAPTER 4
FIELD SPREADING BASIN INVESTIGATIONS

4.01 Sites for the Field Spreading Basins.

Two sites were seleeted by Caltech and the Los
Angeles County Flood Control District for the con-
struction of small spreading basins. The first site,
herein called the Whittier Narrows Test Basin, is
located north of the Whittier Narrows Dam in the
dam reservoir area. This test basin is situated south
of Durfee Road about 250 feet west of the outlet pipe
from the Whittier Narrows Reclamation Plant. In
November 1963 the pipeline from the plant was ex-
tended from Durfee Road to the San Gabriel River
channel. At the Durfee Road outlet it is possible to
divert the flow from the pipeline into an open ditch
in which it may flow to the Zone-1 bypass ditch. The
Zone-1 bypass ditch connects the San Gabriel River
channel with the Rio Hondo River channel and per-
mits the diversion of surface water from the San
Gabriel River to the Rio ITondo River. A second test
basin site was chosen within the Rio Hondo Spreading
Grounds of the Los Angeles Flood Control Distriet.
This test basin is called the Rio Hondo Test Basin.

The selection of the site for the Whittier Narrows
Test Basin was predicated on its closeness to the point
of discharge of undiluted plant effluent. The spreading
areas downstream from the Whittier Narrows Dam
receive other waters in addition to the plant effluent,
namely collected storm runoff water and Colorado
River water purchased for ground-water basin re-
charge. Except for rainfall, the only water introduced
into the Whittier Narrows Test Basin has been effluent
from the Whirtier Narrows Water Reclamation Plant.

The site within the Rio Hondo Spreading Grounds
was chosen as being representative of the soil in the
spreading gerounds. It is also an isolated area to
which regulated amounts of water can easily be di-
verted without interference with the main operation
of the Rio ITondo Spreading Grounds. The water in-
troduced into the Rio Hondo Test Basin is repre-
sentative of the water in the main spreading grounds.
Over the first nineteen months of the operation of the
basin, the waters diverted into the site varied from
almost undiluted effluent to effluent diluted nearly ten
times with Colorado River water and collected storm
runoff.

Figure 4-1 shows the location of the Whittier Nar-
vows Test Basin and the Rio Hondo Test Basin.
Figures 4.2 and 4-3 are photographs of the test basin
sites. A soil profile for each of the test basins is given
in Figures 4-4 and 4-5. This information was ob-
tained from the Los Angeles County Flood Control
Distriet. The soil profiles at each location are quite
different. Up to the date of installation of the spread-
ing basin at the Whittier Narrows site, the land was
used for farming. Consequently there was an abund-
ance of organie material in the soil to a depth of
nearly 2 feet at Whittier Narrows. There are also thin.
discontinuous layers of silt and micaceous material at
the Whittier Narrows site which indicate the non-

(13)

homogeneity of the soil and a probable anisotropie
condition for the hydraulic permeability. At Whittier
Narrows the water table is quite shallow, being only
about 9 feet below the ground surface. The soil pro-
file at the Rio Hondo site presented in Figure 4-5
shows the soil to be very homogenecous and to be com-
posed mainly of a fine to medinm sand. Sieve analyses
on three samples taken from the Rio Hondo site in-
dicate the uniformity of the soil with depth as shown
in the following tabulation:

Depth Below
Ground Surface

(ft.) Deimm) ok Do mm ) B.C.
W) cocssrgies HEOTH 1.G8 0.135 2.29
P e S 0.310 1.84 0.142 2.

16 92 1.70 0.140 288

D;o is the geometric mean sieve diameter by weight;
oo is the geometrie standard deviation of the sieve
diameters; Dy, is the effective size; and U.C. is the
uniformity coefficient.

Figure 4-5 shows that the depth to the water table
at the Rio Hondo test basin site is about 16 feet below
the ground surface. This depth is nearly twice the
depth to the water table at Whittier Narrows.

4.02 Construction of the Basins

The construction of the two test basins was done
by the Los Angeles Flood Control Distriet with funds
provided by Caltech under this projeet grant. Each
of the basins is similar in that there is a central well
with four sampling pans located at depths of 2, 4, 6,
and 8 feet below the ground surface. Figure 4-6 shows
the design of these wells.

a. Whittier Narrows T'est Basin: Construction be-
gan on 6 December 1962 at a site near the mid-point
of the ditch which connects the outlet pipe from the
Whittier Narrows Reclamation Plant to the Zone-1
bypass ditch. Ground water was reached at a depth of
about 6.5 feet below the basin bottom. Because this
high water table would interfere with the operation of
the sampling pans, the construction site was restored
and abandoned. A new location was chosen about 200
feet west of the ditch and construection of the Whittier
Narrows Test Basin was begun again on 14 De-
cember 1962,

The basin is 50 feet by 70 feet with 2-foot high
levees and a basin bottom grade of 210.50 feet. The
ditch was connected to the basin by 186.5 feet of
10-foot wide canal. However, on 26 March 1963 this
inlet canal was replaced with an 18-inch diameter
corrngated metal pipe.

The sampling well is located at the center of the
basin and access is provided from the levee to the well
by a 2-foot high and 4-foot wide wooden foot bridge.
A Caldwell drilling rig was used to excavate a 60-inch
diameter hole into which was placed a 48-inch diam-
eter corrugated metal pipe which is the sampling well.
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Fig. 4-2—Photograph of the Whittier Narrows Test Basin
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Fig. 4-3—Photegraph of the Ric Hondo Test Besin
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The water table was at 9.5 feet below the ground sur-
face at the time of installation of the well. A 2-foot
conerete slab footing was poured inside the well below
the water table, and a 12-inch concrete collar was
placed around the central well at a depth of 4 feet
below the basin bottom. To stop leakage into the well,
a thin luminate cement coating was placed on the con-
crete Hoor. Airplane matting was used for flooring.

A separate excavation was made for each of the
sampling pans using the Caldwell drilling rig. The
trenches in which the pipes connecting the sampling
pans to the central well were placed also were dug
with the Caldwell rig. The sampling pans have a con-
ical shape, being 24-inches in diameter at the top and
9 inches deep. They are made of 12-gauge sheet metal
and are coated with an epoxy resin paint. The tops of
the sampling pans are located at 2, 4, 6. and 8 feet
below the basin bottom. For the 2, 6, and 8-foot pans,
a 42-inch diameter hole was drilled. A }-inch to #-ineh
gravel packing was provided below and around the
sides of these pans with the gravel filled to the ex-
tremities of the 42-inch diameter excavation. The
eravel fill extends slightly above the sides of each pan
and to a depth of about one foot below the pan bot-
tom. The excavation for the 4-foot sampling pan was
a 36-inch diameter hole drilled with the Caldwell rig.
This pan was also surrounded with a cravel fill. Each
of the sampling pans was selectively filled with sand
and gravel starting at the bottom of the cone with a
3-inch layer of l-inch to Z-ineh gravel, then a 3-inch
layer of #30 sand and Z-inch gravel, and a final
3-inch layer of Ottawa sand. Backfill over the pans
was placed by hand and compacted by foot. The fill
over the trenches was placed and compacted with a
skip loader. After backfilling, the basin bottom was
scarified.

The four sampling pans were placed 60 degrees
apart on a semi-cirele with a radius of 15 feet from
the center of the central well. A }-inch I. D. Tygon

tubing was drawn through 1i-ineh galvanized iron
pipe and a seal provided at the pan between the pipe
and tubing with Johns-Manville Mastie. The pipe
protrudes 7 inches inside the central well and has a
90-degree elbow at its end. All seams and connections
at the central well were made watertight.

A ladder provides access up and down the central
well.

b. Rio Hondo Test Basin: Coustruction of this
basin began on 9 January 1963 at the site of an old
intake canal to the Los Angeles County Flood Con-
trol District Rio Hondo Spreading Grounds. The sides
of the canal form two sides of the basin, but two addi-
tional levees were constructed to close the basin on
four sides. This basin is 109 feet by 32 feet and the
basin is graded so that the bottom has an elevation
of 160.5 feet,

The Caldwell drilling rig was used for the 60-inch
diameter excavation for the central well. Because of
the greater depth to ground water at this site, the
central well was provided with a drain in the floor
to make the well self-draining. At the bottom of the
well 12 inches of 1-inch to #-inch gravel bedding was
placed leaving 6 inches of clear distance between the
gravel and the well bottom. A concrete floor with col-
lar was placed at the bottom of the well and airplane
matting was used for flooring.

The excavation and trenching for the 8-foot sam-
pling pan was done with the Caldwell drilling rie.
Excavation for the other sampling pans was done
with the Caldwell unit but the trenching for these
pans was done by hand. The same type of sampling
pans. pipe, and tubing was used at this site as was
used at the Whittier Narrows Test Basin. A 3-foot
diameter gravel packing was used for all four pans.
Seals at both ends of the pipe connecting the pans
with the well were made by packing with plumber’s

Geologic Soil Profile at the Rio Hondo Test Basin *

Geologic 50il Profile at the Whittier Nurrows Test Basin * Depih |
= e —— —————— below | Unit |
| i | surface (thickness) From | To | At
Depth | Unit | (feet) | (feet) | (feet) | {feet) | (feet) | Deseription
below | thiek- | ! | i A
surface | ness From | To | At Description ! ) i AR
(feet) | (Ft-in.) | (Ftein.) | (ftein.) | (ft-in.) 0- | |
s SR I [ S 11 -] 11 | | Tan fine to medium sand.
0= 1 10" | ] 1107 0 | Dark brown very fine to medium silty - |
| sand and soil, i 3 | Gray fine sand.
2- arar 1" 107 | ' | 1710" | Light brown to tan fine to medium sand | | 1.5 | Gray to tan medium sand.
| with lenses of gray fine sand. Moist, | | |
| oxidized, orange fine sand streaks are = | | |
| "3 i common in tan portion. | | | 4 | Oeeasional pebble.
4= e [t ¥ 67| & Wood fragments up te 3 in. long in dark ! | |
| | : brown to black medium to fine sand. 6= | 1 | |
| SBand 13 hizghly micaceous. | | i 7 Trace of grange streaks.
G- | 227 | & & | 7 8 | & 6" | Tan fine to medium soft, micaceous 8 | I
| | | | sand, with gray fine sand lenses. Tan | ‘ 8.5 | Micaceous material.
| | | portions commonly show orange
| | streaks of oxidized fine sand. 10- | | |
8- af T Bt | 7 8" | Dark brown to black micaceous fine 12- 3.4 11 14.5 | | Tan medium to coarse sand with '3
| sandy silt atringer. | | | inch pebhles.
I | | 12 | Light orange color with pebbles.
10- 1 " | 8 ‘ i -4 Gray medium to coarse sand. | 12.5 | A few gravels to 2 inches.
i 13.5 | Occasional clay ball.
! 8 6" | Gray medium to coarse sand and “pea | |
gravel” with occasional gravels to 16— | 2 | 14.5 | 16.5 | Tan-gray medium sand. Water level
| 35 in. | | | f | at 16 feet.

* Soil profile taken on 27 December 1962, Information supplied by the Los Angeles
County Flood Control District.

Fig. 4-4—Soil Profile at Whittier Narrows Test Basin

* Sail profile taken on 11 December 1962, Information supplied by the Los Angeles
County Fleod Control District.

Fig. 4-5—5eil Profile at the Rie Hondo Test Basin
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SCHEMATIC OF A SAMPLING PAN WELL
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Fig. 4-6—5chematic of a Sampling Pan Well
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rope oakum and sheet metal putty and then caulking
with bathroom tile plastie caulking compound.

Backfill over the pans was placed in 3-foot lifts and
compacted by jetting and tamping. Each lift was
tested for proper compaction. The backfill over the
trenches was compacted by jetting and normal travel
of equipment, but was not tested for compaction.

A ladder was provided within the central well for
access to the pipes connecting the pans to the central
well. A wooden walkway provides access from the
levee to the well.

In March 1963 stage recorders were installed at
each of the test basin sites thus permitting a more
accurate measurement of the volume inflow to the
basins and the infiltration rate of the ponded water
into the soil. At the Whittier Narrows Test Basin site
seven 2-inch diameter piezometer wells were installed
in the neighborhood of the test site when the basin
was constructed. These wells enable one to determine
any change in the level of the ground water table in
the vicinity of the test site. A 2-inch diameter pie-
zometer well is also located in the central well at the
Rio Hondo Test Basin.

4,03 Operation of the Test Basins.

The first water was diverted into the Whittier Nar-
rows Test Basin on 27 December 1962 and into the
Rio Hondo Test Basin on 22 January 1963. Initially,
the method of operation of each basin was intended
to be identical with only the quality of the water
received at each basin and the soil being different.
The basins were to be flooded intermittently so that
the soil would alternate between being wet and dry
and so that air could enter the interstices of the soil.
It is generally believed that the hydraulic acceptance
for ponded water is better for a spreading basin
which is flooded intermittently compared to one which
is flooded continuously. Besides being concerned with
basin hydraulics, it is the primary intention of this
project to operate the test basins in the manner of a
tertiary treatment operation. With this goal in mind,
it is desired that the soil between the ground surface
and the water table remain aerobie., This condition is
best maintained if this soil system is not allowed to
become saturated with water for an extended period
of time. Maintaining an aerobic condition in the soil
permits a rapid stabilization of the organic compounds
present in the reclaimed water and furthermore an
aerobic condition has been found to be mandatory for
the removal and degradation of such refractory com-
pounds as the synthetic detergents.

Tables 4-1 and 4-2 show the volumes of water ap-
plied to each test basin. The amounts of water are
reported in units of cubic feet and cubic meters and
were obtained from weir height or pump discharge
measurements, Stage recorders were installed at the
test basin sites in March 1963, Before that time meas-
ured volumes of water applied to the basins were not
as accurately known. For each month, the total vol-
ume of water spread is reported as well as the average
hydraulic load which is simply the total volume of
water divided by the number of calendar days di-
vided by the basin area. Also included in the tables

are the average measured infiltration rates. These
rates are based on the measured change in the water
surface elevation for the ponded water in each basin
and were determined either from readings on a staff
gauge or from the chart of a stage recorder.

Tables 4-3 and 4-4 list the methods of operation
carried out at the test basins. The nominal depth of
flooding is the intended depth of the ponded water
for each flooding, namely, the total volume of water
diverted into the test basin divided by the basin area.
The nominal frequeney of flooding is also an intended
value rather than the actual frequency of basin load-
ing, that is, it represents the intended or strived for
loading pattern. The number of days flooded repre-
sents the actual number of times in a month that
water was diverted into the basin. Also reported is
the average basin drying time. This number is the
average of the measured times for the basin surface
to become free of ponded water. It is measured from
the time the discharge to the basin is stopped. Nor-
mally at the loadings reported it takes about a half
hour to flood a basin to its nominal depth.

For the first four months of operation, January—
April 1963, it was intended to flood the basins to a
nominal depth of one foot each day. However, numer-
ous problems were encountered, the principal one be-
ing the failure of the basin bottom to dry out and be
free of ponded water in the interval between floodings.
Near the end of February 1963, the nominal loading
was cut back to 0.5 foot daily. Some experimenting
with operations at the Whittier Narrows Treatment

Table 4-1—Hydraulic data for operation of Whittier
Narrows Test Basin

l Average |

Velume of | hydraulic | Average rate
water applied load! | of infiltration?
Date Cu. ! Cu. m. M/ day | *M/day | *Ft./day
January 1963%. .._....._....| 100,450 | 2,844.7 0.244 0.424 | 1.45
N 1,845.6 0.204 0.381 | 1.25
985.8 0.008 0.320 | 1.05
723.0 0.0i4 | 0.223| 0.73
629.5 0.063 |  0.180 | 0.59
425.5 0.044| 0375 1.23
803.4 0.080 | 0,467 1.53
770.6 0.077 | 0543 1.78
4808 0.049 | 0665 | 2.18
556.1 0.055 | 0.525| 1.72
543.0 0.056 | 0.503 | 1.65
679.7 0.068 | 0.522 | 1.7
718.6 0.072 | 0.485 | 1.59
876.9 0.072 | 0.3 | 2.84
085.3 D.088 |  0.872 2.88
405.2 0.012 | 0.961 | 3.15
1,182.6 0.117 1.034 | 3.39
1,720.1 0.178 1.211 | 3.98
2,483.7 0.248 1.470 | 4.82
2,874.9 0.25 1.585 | 5.20
2,752.9 0.283 1.512 | 4.98
2,983.2 0.267 | 1.491 | 4.89
2,844.9 0.293 1.375 | 4.51
3,100.1 (.308 1.203 4.24
3,157.6 0.314 1.308 | 4.29
3,464.3 0.382 1.323 | 4.34
3,838.9 0.382 1.418 | 4.65
Botalss st s 1,591,885 | 45,081.9 |
1 {1 L R e N et 58,939 1,660.7 0.188 0.8685 2,84

! Average hydraulic load equals total volume of water applied during the month divided
by number of days in the month divided by the surface ares of the basin. Basin
area = 3,500 sq.ft. = 324.15q.m.

% Average infiltration rate is the arithmetic mean of measured rates of decline of the
water surface of the ponded water in the test basin, i

* January 1963 includes data since 27 December 1962, so this month is considered to
hawve 36 days.
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Plant resulted in an increase in discharge to greater
than 13.5 million gallons per day. The suspended
solids in the efluent rose to as high as 30 mg/l, and
a sludge covering about one-sixteenth o_f an mgh thick
was formed on the basin bottom at Whittier Narrows.
Flooding operations were stopped at Whittier Nar-
rows and the basin allowed to dry between 27 Febru-
arv and 12 March 1963. The basin was releveled and
disked. Spreading operations began again on 12 March
1963 at the Whittier Narrows Test Basin at the nom-
inal loading of 0.5 foot each day. Ar_lticipating the
change at Whittier Narrows, the flooding of the Rio
Hondo Test Basin was cut back on 23 February 1963.

During the month of March 1963, flow from the
sampling pans at Whittier Narrows was quite erratic.
Leaks developed between the 34-inch tubing and the
114-inch pipes which connect the pans to the well.
From 30 March to 8 April 1963, 2, 4, and 6-foot
sampling pans were exposed for repairs. These pans
were repainted with an epoxy paint, the leaks sealed,
and the pans filled again with graded material. When
flooding was started again on 9 April 1963, it was ap-
parent that the upper one-foot of soil was excessively
compacted. The soil was excavated and recompacted
to a depth of about one foot over the area of the sam-
pling pans and pan flow began to improve by the end
of April 1963.

From the middle of April to the middle of May
1963, the flooding schedule of loading the beds each
afternoon was maintained, but the volume of water
for each loading was again reduced. Some problems

Table 4-2—Hydraulic data for operation of Rie Honde
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of weed growth, algae growth, and a general decline
in infiltration rates caused a change in basin operation,
After disking the surfaces of each basin to a depth of
several inches, the schedule of basin flooding was
changed to loading each basin on only three days
each week, namely on Monday, Wednesday, and Fri-
day, to a nominal depth of 0.6 foot. This allowed a
basin to dry for about a day and a half between flood-
ings. This schedule permitted nearly continuous oper-
ation without stoppage from 17 May 1963 through
January 1964. Infiltration rates increased, and the
volume of flow from the 2, 4, and 6-foot sampling
pans at each basin was satisfactory for analyses. Flow
from the 8-foot sampling pan remained erratic and
was frequently too small to provide an adequate sam-
ple for analysis.

The period of operation of three floodings per week
was maintained fairly continuously. There were some
shut-downs for weed removal and scarifying of the
basin bottoms, but generally the pattern worked quite
well. Because of the regularity of the changes in
water quality observed with depth at each basin (these
results will be presented later in this chapter), it was
decided in January 1964 to increase the hydraulic
load on each of the test basins. At the Whittier Nar-
rows Basin the loading was maintained at three flood-
ings per week, but the nominal flooded depth was
gradually increased 0.6 to 1.4 feet. The limit of 1.4
feet reached in June 1964 was due to the low height
of the levees surrounding the basin.

In July 1964, it was decided to increase the loading
of the Whittier Narrows Test Basin. The new pattern
was chosen at five days per week, each Monday
through Friday with the weekend idle. To start, a

Test Basin S 2
nominal depth of flooding of 1.0 foot was chosen.
Average The nominal depth of flooding has been increased
Volume of hydraulic Average rate
| water applied load! of infiltration?
| Table 4-3—Method of operation of Whittier Narrows
Date Cu. ft. Cu. m. | M/day | M/dsy | *Ft./day Test Basin
800 £38.3 0.260 0.580 | 1.90 Nominal
44,430 | 12585 0.139 0.592 1.94 depth i Average
47,77 1,352.8 0.135 0.561 1.84 of Number | drying
43585 | 12343 | 0.127 | 0.265 | 0.87 flooding _ : of days | timef
30,045 850.9 0.085 0.217 0.71 Date (feet) Nominal frequency of flooding flooded (hours)
26,803 759.1 0.078 0.430 | 1.41
20,926 | B47.6 0.085 0.58% | 1.92
28,704 812.9 0.081 0.604 1.98 January 1963* 1.0 36 .
15,120 428.2 0.044 0.454 1.40 February 1.0 19 s
21,666 | 613.6 0.061 0.302 0.99 March 0.5 15 =
23,523 666.2 0.069 0.278 | 0.91 April B R T T e 21 .
26,47 749.9 0.075 0.186 | 0.61 May 0.6 7 -
29,180 826.4 0.083 0.140 | 0.46 June 0.6 8 12.5
66,914 1,895.0 0.202 0.702 2.30 July 0.6 14 11.8
158,571 4,490.7 0.448 0.726 | 2.38 ugust 0.6 13 9.5
161,851  4,583.6 0.473 1.513 |  4.96 September 0.6 g g3
114,818 | 3,251.6 0.325 0.58 1.92 October 0.6 9 10.3
31,902 | 903.5 0.093 0.387 | 1.27 November 0.6 9 10.0
80.243 | 2,272.5 0.226 0.326 | 1.07 mber 0.6 12 9.0
33,500 | 948.7 0.085 0.393 1.29 January 1964 0.6 .« Wed., Fri 12 11.0
87,608 2,481.0 0.256 0.604 1.98 February 0.6-0.8 | Mon., Wed., Fri R 10 .
40,162 | 1,137.4 0.116 0.407 | 1.63 arch 0.8 | Mon., Wed., Fri.- 13 -
64,043 | 183002 0.190 0.351 | 1.15 April 0.8 | Mon., Wed., Fri 13 6.5
29,643 | 839.5 0.084 0.393 1.29 ay 0.8-1.2 | Mon., Wed., Fri 13 6.5
8,421 | 238.5 0.024 0.389 1.27 June 1.4 Mon., Wed., Fri._ 13 8.0
19,886 | 563.2 0.062 | 0.617 | 2.03 July 1.0 | Mon., Tu., Wed., i 21 6.2
59,255 | 1,678.1 0.168 0.616 2.02 Augu 1.0-1.2 | Mon., Tu., Wed., Th., Fri 20 4.9
Septemb 1.2-1.4 | Mon., Tu., Wed., Th., Fri - 22 5.8
1,354,559 | 38,361.2 October 1.4-1.6 | Mon., Tu., Wed., Th., Fri.... = 21 6.9
November 1.6 Moa., Tu., Wed., Th., Fri._._ 20 8.1
50,169 | 1,420.8 0.111 0.482 | 1.B1 December 1.6 | Mon., Tu., Wed., Th., Fri.__ 20 8.8
| January 1965 1.6-1.8 Mon., Tu., Wed., Th., Fri. 20 8.1
1 February 1.8 Mon., Tu., Wed., Th., Fri. 20 10.1
A‘m‘mh}rﬂmd}e load equals total volume of water applied during the month divided March 1.8 Mon., Tu., Wed., Th., Fri. 22 9.2
by the number of days in the month divided by the surface area of the basin. Basin -

‘A“ -_&]438 8q.ft. = 323.0 sq.m.
Veage infiltration rate is the arithmetic ave
» parater surface of the ponded water in
operation be,

of measured rates of decline of the
test
gan on 22 January 1963, so this month has only 10 days.

* January 1963 includes data since 27 December 1962.
tD time is time for the basin surface to become free of ponded water after each

g
+ No messurements made.
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egradually (after an increase in levee height in No-
vember 1964) to the maximum allowable height to
avoid overtopping the new levee at 1.8 feet.

A significant improvement in basin maintenance
and operation was caused at Whittier Narrows in
February 1964 with the application of a six-inch
layer of pea gravel to the basin bottom. Weed growth
which has become a monthly maintenance problem
was redueed to a minor problem with only an oceca-
sional plant to be removed.

When the increased loading was started at Whittier
Narrows in February 1964, it was decided to change
the pattern at the Rio Hondo Basin to the schedule of
continuous flooding at a constant depth of about 2
feet for a period of 6 to 8 days and then to let the
basin dry out and be idle for about 14 days. This
pattern of a 2 to 1, dry-to-wet eyele is currently
practiced for the operation of the main spreading
basins at the Rio Hondo Spreading Grounds. It is a
good pattern for the operation of the large 10-acre
basins which receive predominantly Colorado River
water with some storm flow and reclaimed water. An
error in the flooding depth occurred during the
months of April and May 1964. The nominal depth
reached 3.0 feet and a significant increase in the
volume of water spread was observed. However, the
main observation for this site was that the infiltration
began to decrease with time so that the accumulative
hydraulic load to the basin was not being maintained
at its previous rate. In January 1965, it was decided
to change the loading at the Rio Hondo site to the
pattern used at Whittier Narrows, namely five days
per week with the weekend idle. After three months
of operation, apparently the basin is begining to
regain its capacity for hydraulic acceptance.

Table 4-4—Method of operution of Ric Hondo Test Basin

Nominal ! !
depth | Average
of Number | drying
flooding N of days | Eimef
Date (feet) Nominal frequency of fooding flooded | (hours)
January 1963* 1.0 Every day___ ] a
February 1.0 Every day__ 16 .
March | 0.5 Every day 25 s
April 0.25-0.5 | Every day_._ 28 .
May 0.6 Mon,, Wed., Fri..cocooocicoiiinie 21 kS
June 0.6 Moun., Wed,, Fri 12 14.0
July 0.6 Mon., Wed., Fri 13 8.5
August 0.6 Mon., Wed., Fri 13 6.8
September 0.6 | Mon., Wed., Fri 8 11.5
October 0.6 Mon., Wed., Fri 10 14.8
November 0.6 Mon., Wed., Pri.__ . ....ooo___. 11 18.0
December 0.6 T L R SR e e 12 &
January 1964 0.6 Mon., Wed., Fri.ceuoacienenncaannn 13 =
February 2.0 Continuous flooding for about 6 days 10 e
March 2.0 with water depth held constant, 10 i
April 2,0-3.0 then basin allowed to dry out for 10 -
May 2.0 about 14 days 12 el
June 2.0 7 -
July 3.0 14 .
August 2.0 T -
September 2 14 ik
Oetober 2.0 7 -
November 2.0 13 £
December 2.0 7 .
January 1965 | 0.1-0.5 | Mon., Wed., Fri..______________ 12 10.7
February 0.3-0.5 | Mon., Tu., Wed., Th., =i 19 6.0
March 0.5-0.9 | Mon., Tu., Wed., Th., Fri...._._... 22 12.0

* Basin operation began 22 January 1963.

t Drying time is time for the basin surface to become free of ponded water after each
ing.

* No measurements made,

4.04 Collection of Samples.

All samples were collected by personnel of the T.og
Angeles County Flood Control Distriet. Samples for
chemical and bacteriological analyses were taken from
all sampling points about once a week. Each time a
basin was flooded, a surface grab sample wasg col.
lected. These daily surface grab samples were com.
posited. A separate surface grab sample was taken on
the afternoon prior to the delivery of the samples to
Caltech. At this time at each sampling point in the
central well a one-gallon PVC bottle was placed. The
water received from each sampling pan would £il] the
PVC bottle and overflow out the top. On the follow-
ing morning, if there was enough water in a bottle, a
one-liter sample was poured into another one-eallon
PVC bottle and acidified with about 0.8 ml of con-
centrated sulfurie acid. This acidified sample was the
sample to be analyzed for the nitrogen components,

If the sampling pipes were still flowing water in
the morning, a sample for coliform analysis was also
collected in a sterilized 100-ml bottle containing so-
dium thiosulfate as the dechlorinating agent. Samples
at this time were also taken for analysis for dissolved
oxygen. The dissolved oxygen samples were analyzed
immediately by the Los Angeles County Flood Dis-
trict. Measurements of pH and water temperature
were also made at this time.

The one-gallon samples for general chemical analy-
sis, the one-liter samples for analysis of the nitrogen
components, and the samples for coliform analysis
were delivered to Caltech where thev arrived by 10
or 11 o’clock that morning.

4,05 Chemical Analysis.

The samples of surface water and percolated water
from the sampling-pan wells were analvzed at Cal-
tech for alkyl benzene sulfonate (ABS), the nitrogen
components (nitrite, nitrate, ammonia and organie
nitrogen), total dissolved solids (TDS), total volatile
solids (TVS), chemical oxygen demand (COD), bio-
chemical oxygen demand (BOD), and chlorides.

The tests for the nitrogen components, COD, and
BOD were set up immediately upon receiving the
samples. The other chemiecal tests were completed as
soon as possible thereafter,

The methods of analysis used for TDS, TVS, chlo-
rides (merecurie nitrate), BOD, nitrite, and nitrate
(brucine) are those given in the Eleventh Edition of
“‘Standard Methods for the Examination of Water
and Wastewater.”” The method of analysis for the
chemical oxygen demand is the Standard Methods
technique without the wuse of the silver sulf:ate
catalyst. Prior to May 1964, the chloride correction
applied to the COD was on the basis of the measured
chloride concentration. After May 1964 a mercury
sulfate catalyst was added to the COD test reagents
and no chloride correction was made. The method of
analysis for organic nitrogen and ammonia (total
minus three oxidation number nitrogen) is a miero-
analytical Kjeldahl method utilizing a copper sulfate
catalyst with final ammonia determination by Nessler-
ization. No determination of either component is made
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separately. The determination of the ABS is done
by the methylene-blue procedure recommended by the
United States Public Health Service Analytical Re-
search Service.

4.06 Summary of the Hydraulic Measurements.

A summary of the hydraulic data collected over the
27 months of this test is presented in tabular and
graphical form in Tables 4.5 and 4-6 and Figures
4-7 to 4-10.

On the basis of the hydraulic operation and other
factors, it is convenient to divide the history of the
test basins into four periods. The nature of these
divisions is presented in Table 4-5. For the first two
periods both test sites were operated in identical
fashion. Period I is the time of ‘‘break in’’ during
which many of the operational problems described in
the previous sections of this chapter were encoun-
tered. During this period, the test basins were nomi-
nally flooded for part of each day. Period II is
characterized by a nominal flooding pattern of three
loads per week. This schedule was maintained with a
good deal of regularity for nine months. Also at the
end of Period I. the Whittier Narrows Treatment
Plant introduced a foam separation unit as a form of
tertiary treatment. Either foaming or the addition of
a foam suppressor has been utilized since then until
the present.

Period III represents two distinet and different
operational patterns for the test basins. At the Whit-
tier Narrows Test Basin, the nominal frequency of
three loads per week was maintained, but the loading
was gradually increased from 0.6 to 1.4 feet per load.
In August 1964, it was recognized that the hydraulic
capacity of this site had not been reached, so that
Period IV was initiated and the hydraulic load was
further increased to five days per week. This is the
present pattern at Whittier Narrows with the nominal
flooding depth limited by levee height to 1.8 feet. Also
it should be noted that in February 1964 the six-inch

pea-gravel blanket was placed on the Whittier Nar.
rows Basin. Period III at the Rio Hondo Basin is
characterized by flooding to a nearly constant depth
for about one week and then allowing the basin tg
drain and dry for about two weeks. This pattern was
practiced at Rio Hondo for eleven months. Because
of a general decline in the infiltration rate, it was
decided to halt this pattern of operation at the end
of the year 1964. Period IV for the Rio Hondo site
began in January 1965. Since then the loading pat-
tern has been increased from three loads per week
to five loadings with a gradual increase in depth of
flooding.

The contrasting behavior of the two test basins is
quite evident from the graphed data in Figures 4.7
to 4-10. The gradual increase in the hydraulic loading
at the Whittier Narrows site has been accompanied
by an increase in the infiltration rate or rate of
hydraulic acceptance by the basin. After the ““‘break
in”’ period (Period 1) the rate of application at
‘Whitttier Narrows increased nearly five times from
0.063 meter/day to 0.310 meter/day. This hydraulic
load is the total volume of water applied in a time
interval divided by the basin area and the total
calendar days in the period. It includes all days
whether the basin was flooded or not. At the Rio
Hondo Basin, the average hydraulic load was in-
creased to more than three times its value at the end
of the ‘““break in’’ period, but this rate could not be
maintained under the system of flooding for one week
and two weeks idle. Over the entire 27-month test,
by hydraulic considerations only, the Whittier Nar-
rows site has performed in a truly outstanding
manner.

4.07 Summary of the Chemical Analyses.
The results of the chemical analyses performed on
the surface waters and the percolated waters received

Toble 4-6—Summary of hydraulic data
Whittier Narrows Test Basin

Table 4-5—Test basin loading schedules | 24 ' = [
Whittier Narrows Test Basin i Total hyd.rx:iit | Average rate of
—— A | | applied water load infiltration
o] Calendar | ) Calendar |
Period Dates days | Loading pattern Period days I cu. ft. cu. m. m/day m/day ft/day
| | |
I | e g vom | 125 | Every day—variable depth 125 | 225958 | 6,390.1 0.130 0.342 1.12
I May 1963-Jan. 1964___________ | 276 Maon., Wed., Fri.—constant depth 27 | 198003 | 5607.2 0.063 0.474 1.55
11 Feb.~June 1964 ... ... | 151 Mon., Wed., Fri.—increasing 151 196,650 | 5.560.1 0.113 0.905 2,70
. | depth 274 071275 | 27.606.5 | 0310 1420 466
IV July 1964-Mar, 1965 ____. 274 ‘ M., T., W.. Th., F.—increasing
‘ | depth Totals....coevien 826 1,501,886 | 45,081.9
* Jan. 1963 includes data since 27 Dec. 1962, 5o this month i idered to have 36 da
: ST TR ST, Rio Hondo Test Basin
Rio Hondo Test Basin
Total ﬁ}un:?’ Av te of
o 14 rate o
! s applied water load Ei tration
Perind | Dates “days Loading pattern : Calendar
—-__I Period days eu. It cu. m. m/day m/day ft/day
I . Jan.f-Apr. 1963 ______________ 90 | Every day—variable depth -
-4 May 1963-Jan. 1964..._._..... 276 | M‘:n}\?’ rn_mﬂtd,pm 99 165394 | 4,683.9 | 0.185|  0.500 1.64
Feb.—Dec. 1964.._____________ 335 One week wet, two weeks dry— 276 231,448 | 6,554.8 0.073 0.355 1.16
v 3 constant depth 335 870,155 | 24,642.7 0.228 0.589 1.93
an-Mar. 1965.....__________ 0 M., W.F.,and M., T., W., Th, 90 | 87562 | 2470.8 0.085 0.541 1.77
F.—increasing depth
Total, ...cnne 800 1,354,550 | 38,361.2

Iomﬁnnbepnﬂlm.lm.nth'nmnnthhundylﬂdsn
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from the sampling pans at the Whittier Narrows and
Rio Hondo Test Basins are presented in tabular
form in this section. Data are given for 27 months of
operation covering the period from January 1963
through March 1965. The data are reasonably com-
plete. Some gaps in the tables are due to the fact that
the sampling pans did not always flow over periods
of time long enough for the adequate collection of
samples. There are no chemical data for the month
of April 1964 at the Rio Hondo Test Basin because
of a mixup in communications between Caltech and
the LACFCD. This is the only major gap in the
analytical data. No sample was received from the
sampling pan at the 8-feet depth after March 1964.
For an unknown reason the pan became inoperable.
There were periods of a rising water table under the
basin resulting from the spreading operations at adja-
cent basins, which caused this pan to be flooded out
on several occasions.

Tables 4-7 through 4-26 present a summary of the
data showing monthly averages for total solids, total
volatile solids, chemieal oxyvgen demand (COD), alkyl-
benzenesulfonates ( ABS}, chlorides, nitrates, nitrites,
organic nitrogen and ammonia, total nitrozen, and
turbidity. Each tabulated value is the arithmetic mean
of all the measured data for the month. Samples were
routinely colleeted and analyvzed on a weekly basis.

A general presentation of the results for the opera-
tional periods defined in the previous section (see
also Table 4-5) is given in tabular and graphical
form. Tables 4-27 and 4-28 show the period averages
for total solids, fixed solids, volatile solids, chemical
oxygen demand, alkyvlbenzenesulfonates, nitrates, and
total nitrogen. These data are also presented graph-
ically for the two test basin sites in Figures 4-11
through 4-14, Detailed discussions of the data will be
given in later chapters.

4.08 Summary of Field Measurements of Dissolved
Oxygen and Temperature.

Measurements of water temperature and dissolved
oxygen were made periodieally at the test site by field
personnel of LACFCD. These data are summarized
in Tables 4-29 to 4-32, inclusive. Because the data are
so sparse, arithmetic means were not computed, and
only the ranges of the high and low values are given.
The dissolved-oxygen measurements were made under
varyving conditions. Many times the samples were ob-
tained by placing a dissolved-oxygen bottle at the
sampling point within the test well with the hose
from the sampling pan discharging inside the bottle.
The bottle was left to fill and overflow. When the field
man returned, the oxygen determination was per-
formed. Admittedly such observations are open to
question, but nevertheless they showed a definite
diminution of oxygen as a result of percolation.

4,09 Dissolved Solids and Related Data,

A general measure of the quality of a water is given
by the residue of solids remaining after evaporating
off the water at 105°C. At the Whittier Narrows Test
Basin, the data presented in Table 4-7 show that this

residue, total dissolved solids, is reasonably uniform
over the entire 27-month period. Analyses of the
percolate show a substantial increase in dissolved
solids with depth that continued for the entire dura-
tion of this study. Such an increase might be attrib-
uted to leaching, evaporation from the soil body, and
mineralization from the biological activity. During the
first four months of the basin operation, the increase
in dissolved solids followed a classic leaching pattern.
This effect was expected inasmuch as the area occu-
pied by the test basin had been covered with a stand-
ing alfalfa crop prior to basin excavation. Farming
by irrigation with highly mineralized Colorado River
water (700 mg/1 TDS) was practiced for many years
in this area, and a build-up of salts in the soil was a
common occurrence. It is somewhat surprising to ob-
serve the magnitude of the solids increase that per-
sisted in the percolate over a 27-month period. Tables
4-27 and 4-28 which summarize the field data by sig-
nificant periods show that the increase in dissolved
solids was in part due to an increase in fixed solids
(the fraction not lost from the residue upon heating
to 600°C) and in part due to volatile solids (the frae-
tion of the original residue lost at 600°C). Volatile
solids are sometimes taken as representing only the
organic portion of the residue. This is not always true
since a part of the inorganic carbonate and bicar-
bonate may become volatile at the 600°C ignition
temperature.

The increase in dissolved solids as a result of the
recharge operation is believed to be somewhat inei-
dental to the soil conditions at the Whittier Narrows
site. By comparison, the solids increase at the Rio
Hondo site has been much smaller. A check of the
chloride data shows about a two-percent increase in
the percolate over the applied water at Whittier Nar-
rows, with almost no change in the percolate at Rio
Hondo. Leaching was not expected at Rio Hondo since

Tuble 4-7—Average total solids as a function of depth at the
Whittier Narrows Test Basin

Average concentration in milligrams per liter at
Date Surface 2 ft. 4 ft. 6 It. § ft.

January 1963 . ..._____ 678 916 1186 1965 3112
8 S Ve, s e LR S 725 912 26O | 1194 2079
March. . 678 1071 1330 | 1030 1016
April____ 670 939 850 1059 1416
May. 381 671 691 580 723
June._ 688 1039 1292 1164 u:
July..___ 698 975 996 s

August 606 1000 1020 1137 .
September 688 12 045 045 s
QOetober. 40 877 Q33 064 .
November..-- 840 938 948 948 1129
December. ... 639 903 934 G948 977
January 1064 T34 1003 992 1030 1173
February... 500 968 1006 1028 1140
Mareh____._. 795 1055 1028 1057 1116
April 790 1071 1058 10499 1076
May.. 730 1157 1021 1115 1186
June. . 205 1034 994 1148 1350
July.. 808 1066 1008 1016 1181
August....- 885 1124 1093 1120 1223
September... 835 1143 1057 1099 1274
Oetaber 816 1186 1066 1109 1‘259
November 746 854 | 962 1038 1172
December. .- 773 099 1032 1014 1136
January 1965. 798 031 1006 959 1057
T R N s DR 745 905 1036 1011 1184
ST L S P 762 | 1033 949 952 1145

» No samples available for analysis, i.e., pan was not fowing.
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the area has been used for recharge of the ground
water basin by suface spreading for the last eight
vears. Biological activity seems to be the principal
factor affecting solids increase in the test basins. For
example, a pH reduction caused by carbon-dioxide
production and/or nitrification could lead to dissolu-
tion of the soil matrix, causing a significant solids
increase,

A complete mineral analysis of the percolate at each
of the test basins was not part of the normal analyti-
cal routine. The Los Angeles County Flood Control
Laboratory, however, ran mineral analyses on com-

Table 4-B—Average total volatile solids as a function of depth
at the Whittier Narrows Test Basin

|
| Average concentration in milligrams per liter at
|

Date Surface 2 ft. 4 ft, 6 ft. ‘ 8 ft.

210 215 323 431 | a4

247 420 306 470 Ge0

306 569 706 530 515

219 287 286 71 566

190 212 228 | 214 275

170 332 527 427 »

204 273 33 | a | .
P T R | 208 202 337 | 398 | .
e i e RS L R 208 323 314 | 286 | s
DRI R | 219 205 301 | 345 | s
November. . cececaena ! 230 263 77 | 71 458
December_ ... | 202 348 384 405 342
January 1964. ... | 214 ail 300 398 457
February_ - cceana. | 248 378 386 38T 441
Mareh: oo e e saamnaa ! 280 492 406 419 483
F 5 -1 1 [ R 229 403 383 405 454
May 311 520 416 470 7
June 331 400 400 505 611
July... 250 392 av4 342 456
Aogust_... 312 451 411 443 497
September . 78 | 486 410 429 534
October_ .. 300 516 454 419 537
November. 244 349 389 7 557
December_ 263 375 501 362 468
Jaruary 19 319 | 391 | 432 367 410
Februry... 234 | 411 | 463 449 | 545
March. . | 230 i 426 360 358 517

* Xo samples available for analysis, i.e., pan was not flowing.

Table 4-9—Average chemical oxygen demand (COD) as a
function of depth at the Whittier Narrows Test Basin

Average concentration in milligrams per liter at
Date Surface 210 4 ft. 6 ft. 81t.

LA 73.0 66.0 97.0 10.0
66.0 | 36.7 38.0 26.0 52.0
45.8 23.7 b 35.0 29.0
31.0 31.0 32.0 51.0 b
45.3 7.0 27.3 42.3 32.56
33.2 43.8 21.4 231.8 b
30.8 33.6 3aL.5 b b
33.2 30.8 56.2 84.7 b
30.7 24.8 16.4 79.9 b
7.5 17.2 15.0 79.2 b
82.1 14,2 10.2 95.9 48.6
34.0 9.2 7.0 14.6 82.8
36.1 10.2 8.0 7.2 47.8
37.7 8.1 §.8 7.5 33.6
38.8 8.7 9.6 6.8 36.1
37.8 8.3 8.8 11.4 51.4
36.4 9.8 9.1 14.4 54.6
32.9 9.0 9.2 22.9 18.2
32.9 | 11.3 10.2 25.7 21.1
0.1 | 112 9.2 17.3 2204
24.0 10.2 8.3 | 26.3 14.5
33.8 | 9.8 8.6 | 21.1 13.1
35.0 5.0 8.6 13.3 18.2
50.0 17.4 ir.1 20.0 189.8
48,2 9.2 8.2 9.7 7.9
46.6 7.6 8.2 10.4 7.4
33.6 7.7 8.7 9.3 .9

* No samples taken for analysis.
b No samples available for analysis, i.e., pan was not flowing.
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posite samples taken from the surface and the pep.
colate at each of the test basins during the perjgg
12-21 August 1964. These results are included here.
with as Tables 4-33 and 4-34.

On 18 August 1964 a special sampling of the water
at the Whittier Narrows Test Basin was made for
bacteriological purposes. The results of these tests are
presented in a later chapter of this report. At the
same time, chemical analyses were run on the per.
colate samples. Figure 4-15 shows the results of the
analyses for alkalinity, dissolved oxygen, pH, ang
coDm.

4.10 Phosphate Determinations.

At the beginning of 1965, routine analyses were
undertaken for orthophosphate and total phosphate
in the surface water and percolates from the test
basins. Determinations were made following the pro-
cedures deseribed in the Eleventh Edition of ‘‘Stand-

Table 4-10—Average surfactant (ABS) concentration as o
function of depth at the Whittier Narrows Test Basin

Average concentration in milligrams per liter at

Date Surfaee | 21t 41t 6 [t. | Bt

1 |
4.13 2,04 2.16 e A I .
4,13 | 1.92 2.40 0.63 | 0.55
2.5 | 2.2 0.70 0.80 | 0.40
1,70 | 2.45 1.60 0.65 s
1.64 | 2,45 2.08 188 | 12
1.85 | 1.43 1.00 0.70 | *
231 | 1LX (.42 £ il s
1.99 | 1.05 .55 0.47 | B
1,98 | 0.97 .37 0.40 | a
1.6 | 0.8 0.20 0.33 s
1,96 0.62 0.18 0.27 0.20
1,98 0.65 0.25 0.32 0.20
| 2,01 0.48 0.22 0.20 017
REBBHBEY - o e i | 1.80 0.40 0.15 0.18 0.18
March 1.99 0.33 0,18 0.15 0.13
T i R S 2,10 0.32 0.20 0,18 | 0.18
B i e i 2.15 0.40 0.23 0.20 | 0.20
77 PR S 2.80 | 0.30 .20 0.20 | 0.20
1 248 | 0.31 0.20 0,25 | 0.3
August._.... 2,45 | 0.40 0.30 0.20 | D0.25
September_._ 2.68 | 0.20 0.30 | 0.25 | 0.25
October......... 2.62 | 0.40 0.30 | 0.40 | 0.35
Movember.. . verecmmmm- 2.36 0.37 0.33 | 0.40 0.35
December___ ... ... 2.65 0.36 0,33 0.43 | 0.30
January 1985 2.51 0.30 0.35 0.35 | 0.25
Februarpa. ccosomaiocaiiiog 2.73 0.35 0.40 0.42 | 0.25
March. oo i e 2.43 ‘ 0.30 0.43 0.50 | 0.30

s No sample available for analysis, i.e. pan was not flowing.

Table 4-11—Average chloride concentration as a function of
depth at the Whittier Narrows Test Basin

Average concentration in milligrams per liter at
Date Surface 2ft. | 4f. 6 ft. Bt
i) 81 80 83 118
03 86 84 83 89
e 08 100 94 a3
118 114 121 130 115
114 104 115 115 124
a8 123 116 122 ..
100 122 114 . .
108 128 121 124 .
102 126 118 125 .
g2 110 108 110 A
87 0] 98 98 132
04 o6 98 96 114
91 a9 100 101 101
108 o0 106 104 101
104 110 108 112 108
117 112 105 118 110
114 115 112 112 105

» No samples available for analysis, i.e. pan was not flowing.
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WASTEWATER RECLAMATION AT WHITTIER NARROWS 29

ard Methods for the Examination of Water and
Wastewater,”’ using the amino-naphthol-sulfonie-acid
method. The results are presented in Table 4-35.

The concentrations of total phosphate were fairly
uniform in the surface waters at each basin. The
Whittier Narrows Basin had about ten times the
surface concentration found at Rio Hondo. Practically
all of the phosphate was in the ortho form at each

Table 4-12—Average nitrate concentration as a function of
depth at the Whittier Narrows Test Basin

basin. There was an anomalous behavior in the phos-
phate concentration at Whittier Narrows with a de-
crease in concentration after two feet of percolation,
a build-up to four feet, and finally almost complete
removal in the percolate at eight feet. No explanation
for this behavior is available. The Rio Hondo Basin
showed no significant change in phosphate conecen-
tration with depth.

Tuble 4-14—Average ammonia plus organic nitrogen as a
function of depth at the Whittier Narrows Test Basin

- ——
Average concentration in milligrams of N per liter at

Date | Burface 2 Mt 4 ft, ! 6 . I 81t

|
January 1963 . .0cccmoamcanas 0.2 | 0.9 2.2 3.8 4.6
February. o eoeomcacencacan-a- s | 3.3 >13.0 | >11.7 5.7
a | 8.5 9.3 | »24.0 >18.5
a 0.5 2.5 | »25.7 25.0
L .0 4.0 1.0 b
.................... 3.9 4.9 >10.0 >10.0 b
____________________ 5.9 0.0 >B.1 b b
__________________ 12.4 0.2 =10.0 10.0 b
8.5 0.1 >13.2 4.9 b
8.5 3.8 | 21.8 >10.8 b
5.7 20.4 27.8 17.5 b
2.4 20.2 25.8 23.2 b
3.0 18.7 20.5 19.8 15.0
5.4 24.0 24.0 24.5 2.7
6.0 28.3 28.0 7.0 | 223
1.2 23.0 26.2 23.2 26.3
4.4 28.0 27.0 22.0 25.2
6.6 12.0 18.0 17.0 28.0
5.4 19.4 22.2 16.2 26.8
7.1 20.8 26.5 19.5 25.8
3.9 19.0 25.5 13.3 27.3
Oetober. .. 35 | Mo 22.4 13.8 28.2
November_ Bl | 26,7 26.7 16.0 28.7
December . 2.8 i 30,7 26.0 26.7 31.5
January 1965. . 4.1 26.5 | 23.8 25.5 29.3
February______ - 3.3 | 7.8 | 23.0 22,7 30.3
M’n.'eh____.________________l 6.2 | 26.3 | 25.0 26.3 0.7

Average concentration in milligrams of N per liter at

I

Date | Surlace 2 ft. 4 ft. 6t | 8 {t.

) 9.6 1.6 0.5 1.0
o >9.5 0.9 1.2 0.8
a 0.9 3.5 0.5 0.1
s 2.1 1.6 0.9 0.4
& 2.4 4.0 fizd b
.8 1.9 2.2 1.9 b
0 2.9 1.6 b o
.8 2.0 >5.5 B
8 5.5 3.8 3.1 b
.0 3.2 2.1 LT b
7.9 2.3 2.1 2.2 b
2.4 1.8 1.2 1.0 B
9 1.2 1.0 0.9 0.5
___________________ 8 0.8 0.6 0.7 0.6
i | 1.0 1.0 0.5 0.4
4.7 | 0.8 0.6 0.8 0.3
i | 0.8 0.8 0.6 0.9
o7 0.7 0.5 0.6 1.0
7.2 0.6 Lok 1.2 1.0
B 1.0 0.7 0.9 0.7
5 1.0 0.8 LT 1.0
|- ol g 0.9 1.2
2 0ig | 0 0.6 0.8
Precember. . cccsemenananaaa- .9 1.2 | 1.3 0.8 1.2
January 1965 .. ccaceccecnas 232.3 11 0.8 0.8 0.8
February... .o ooooooooeen 2.5 08 El 09 | 1.4
1% T R R 19.8 0.6 | 0.3 1.0 | 0.8

= No sample taken for analysis. )
b N0 samples available for analysis, i.e., pan was not flowing.

Table 4-13—Average nitrite concentration as a function of

» No samples taken for analysis. b
b No samples available for analysis, i.e., pan was not running.

Table 4-15—Average total nitrogen as a function of depth
at the Whittier Narrows Test Basin

depth at the Whittier Narrows Test Basin

Average concentration in milligrams of N per liter-at

Average concentration in milligrams of N per liter at

|

|

| o . | :

Date | Surface 2t | dft. B it 8 ft. Date Surface 21t 45, |' B ft. 8 ft.
January 1963 - 0.02 0.12 0.51 0.01 0.04 January 1983 . oceeea. 21.3 10.7 | 3.2 4.3 5.6
February L 1.50 2. 82 0.88 0.17 February .o eeooocooooooamann]| a =>14,2 | »17.0 >13.8 6.7
March L4 0.56 0.87 0.08 0.34 Mapeh. o i o coeiie s | = 10.0 10.46 >24.6 18.0
April . 0.16 0.55 4,44 0.07 e R R | - 2.8 3.9 >31.0 25.4
Ma o 0.10 1.22 0.38 b May. & 2.6 6.4 2.6 b
Jun =1.46 >0.15 >0.83 0.02 b June__ >18,2 >7.0 >12.7 >11.9 b
July. 0.40 =0.00 0.40 b b July. . >15.4 >2.9 =85 b b
August. .- 0.08 0.02 0.21 0.09 b Avgust_.--___. 26.3 2.2 >11.9 11.8 b
September 0.03 >0.00 0.19 0.18 b September. 23.3 >3.6 >16.5 8.2 b
Qctober._ - 0.32 0.53 0.26 0.72 b Octobet . - cceen 22.8 7.5 23.8 >13.2 b
November.. 0.24 0.25 n.18 0.34 b November- 23.8 22.4 30.2 20.0 b
December_ - 0.38 0.25 0.08 0.59 b December. 25.2 | 22.3 26.7 24,8 b
January 196 0.57 0.38 0.03 0.08 Q.48 January 1964, it 22.5 | 20.3 21.4 20.8 16.0
February 0.02 0.06 0.02 0.06 0.28 February .. = 25.2 | 24.8 24.7 25.3 23.5
March 0.05 0.13 0.02 0.01 0.02 March__ 23.8 | 29.5 28.5 27.5 23.9
April 0.08 0.5¢ 0.01 0.03 | 0.29 April. . 26.0 | 24.3 27.0 24.0 27.1
May 1.40 0.44 .03 0.08 0.13 May.. 24,1 | 27.1 27.7 : 22.7 26.2
June. 0.27 0.22 0n.06 0.29 | 0.18 June._ 27.6 12.9 15.6 17.8 29.1
July. 0.20 0.30 0.03 0.34 | 0,10 July. . 23.0 20.3 23.5 17.8 27.8
Aungust_.. 0.04 0.17 0.04 0.48 0.17 August... 23.9 22.0 7.2 20.9 28.7
September 0.30 0.22 0.03 0.29 | 0.12 September. 25.7 20,2 28.3 14.3 28.4
(Oetaber 0.28 0.06 0.02 0.26 | 0.23 October__. 28.7 25.0 23.1 15.0 29.6
November.. 0.31 0.04 0.01 0.29 | 0.26 November. 28.6 27.5 27.4 16.9 29.8
Decem 0.04 0.02 .01 0.08 | 0.16 ecember. 28.7 31.9 27.3 27.6 32.9
Tanuary 196 1.20 (.05 0.04 | 0.01 0.09 January 1963. 27.6 27.6 24,6 26.3 30,2
February. 1.15 Q.02 0.01 | 0.05 0.04 February.. | 40.0 28.7 241 23.6 3.7
MArch . o s m i mmmm o 0.48 0.03 0.01 | 0.03 0.07 e | L i 26.3 26.9 25.3 27.3 3l.4
|

= No samples taken for analysia, )
b No samples available for analysis, i.e., pan was not running.

* No samples taken for analysis. §
& No samples available for analysis, i.e., pan was not flowing.
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Tuble 4-16—Average turbidity as a function of depth at

the Whittier Narrows Test Basin

WASTEWATER RECLAMATION AT WHITTIER NARROWS

Table 4-18—Average total volatile solids as a function
of depth at the Rio Hondo Test Basin

l Average concentration in units of turbidity at Average concentration in milligrams per liter at
Date Surface 2 ft. 4 ft. 6 ft. B it. Date Surface 20t 4 ft. 6 ft. 8 ft.
6.2 0.9 1.2 | 0.3 0.4 300 440 284 174 190
6.0 0.6 0.4 | 0.3 0.4 207 188 307 245 310
9.0 1.6 6.7 | 1.0 1.3 439 326 276 307 340
4.8 1.4 1.0 | 0.9 0.7 224 224 207 185 178
2.1 0.5 0.6 | 0.3 0.3 241 217 196 181 192
2.6 0.7 0.9 | 4.0 . 158 17! 226 289 L
2.7 1.0 1.8 | | » 208 223 249 335 s
2.9 1.0 1.2 | 1.8 | s 210 227 250 268 o
2.7 1.3 1.2 | 2.1 | ‘ 204 | 244 248 281 278
3.1 1.3 1.6 | 1.3 x 159 | 151 159 308 a
3.2 1.5 13 1.6 1.3 218 | 157 243 329 273
2.7 1.2 12 i 1.5 1.8 December. a7 | 232 217 254 238
3.1 1.2 1.5 | 1.9 2.2 January 18 = 227 | 216 246 262 | 181
3.6 1.6 1.5 1.5 2.0 February.__ k 226 192 200 | 198 230
4.1 1.8 1.5 1.3 1.7 March. . = 200 212 297 324 310
3.7 1.9 1.8 117 2.3 April n a a s | s
3.2 | 1.6 2.0 | 2.0 1.8 May.. 302 207 239 381 | L
3.3 1.4 1.6 | 1.8 1.4 June__ 334 224 213 a 2
2.2 1.3 1.4 | 1.8 1.4 July__.. = 218 274 280 202 a
3.2 1.1 1.1 | Pt 1.0 August._. 329 275 318 355 a
3.0 1.t 1.4 | 1.1 e September 272 338 206 73 *
| October___ 262 259 254 330 s
Naovember._ 350 341 205 268 -
» No samples available for analysis, Le. pan was not flowing. Decem 203 212 258 323 a
January 1965 248 164 332 373 .
February s 206 239 | 261 238 | »
Mareh. - . 226 234 i 325 252 s
Table 4-17—Average total solids as a function of depth ==
at the Rio Hondo Test Basin # No samples available for analysis.
Average conceniration in milligrame per liter at
Table 4-19—Average chemicul oxygen demand (COD) as e
Date ! Surface 2 ft. 4 ft. 6 ft. 81t function of depth at the Rio Hondo Test Basin
January 1963 . _.______ 8A7 470 756 762 Average concentration in milligrams Oy per liter at
573 401 (94 54 —
1,084 728 401 872
605 fifd 724 610 Date Surface 2it. 4{t. 6 ft. 81t.
636 558 486 521 e att il o
635 711 031 a
715 745 2] B January 1963 . cceeeeoooooan 27.0 53.0 30.0 14.0 28.0
754 780 a35 . d ¥ L 26.0 25.0 3z.0 b
514 GO0 a11 8 % = | “11.8 9.5 8.8 9.2
464 421 742 ~ & 27.7 | 1LO 9.0 8.4 13.6
548 570 a1e I = 6.0 | 240 44.9 20.5 24.0
&a5 8156 835 B28 - 829 | 10.1 31.1 18.9 b
746 775 G04 720 = 49.5 | 16.5 17.0 14.0 b
T8I 805 754 812 i 41.8 15.7 17.2 18.1 b
671 564 642 f44 5 52.0 18.4 15.2 9.0 137.0
& . . a = 3.0 | 13.9 17.4 12.3 b
847 838 4930 = November_ & 37.4 13.4 i 7.6 50.2
814 723 u . December___ -1 10.5 4.3 6.3 6.4 10,2
799 | 849 | 930 s, January 1964 2 20.3 5.2 5.8 5.0 6.2
880 &19 i 935 L February.... = 11.1 6.2 7.8 5.0 5.2
T84 823 I 944 s 5 20.7 17.0 7.2 9.7 9.5
825 819 | 950 8 April.. = i L k: b b
525 635 | 923 | L g 5 43.1 28.9 12.4 8.6 b
620 662 | 022 | . June. Joe2a 12.1 9.5 b b
January 1965. 894 810 988 | . July. & 27.2 16.0 9.7 | 7.4 b
February. . 838 a3l | 052 | . ! - ¥ 47.2 15.3 9.8 | 8.7 b
March. .o oo.... 871 906 ! 993 | L September_ = 3.3 | 17.4 10.3 7.4 b
= | October.__ 2 86.5 17.3 9.2 6.2 b
2 g ) November. -1 5D 17.0 6.9 8.7 b
= No samples available for analysis. December. .. -| 28.3 12.5 5.8 7.8 b
January 1965, = 0.1 6.7 6.0 6.6 b
February ... 18.5 11.4 B.7 12.5 b
RN = s i gl md i 9.8 4.4 5.0 3.8 b

*= No samples taken for analysis.
b No samples available for analysis.



