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AUTHORIZATION

This investigation was conducted and the final report prepared in accordance
with Interagency Agreement No. 12-25, dated January 22, 1962, Amendment
No. 1 to Interagency Agreement No, 12.25, and Interageney Agreement 12-17,
dated July 1, 1963, between the California State Water Quality Control Board
(formerly the State Water Pollution Control Board) and the State Department
of Water Resources. This investigation followed specifications submitted by
the board in these agreements.

Statutory authority for conducting this investigation is given by Section
13024 of the State Water Code, which reads as follows:

*¢13024. The state board shall administer any state-wide program of
research in the technical phases of water pollution control which may be
delegated to it by law and may aceept funds from the United States or any
person to that end. The state board may conduet such a program inde-
pendently, or by eontract or in cooperation with any federal or state agency,
including any political subdivision of the State, or any person or publie or
private organization."’

The objectives of this investigation, as noted in the Interagency Agreements,
are those set forth on page 1 of this report.

In addition, the agreements called for the preparation by the department
and submission to the board of quarterly progress reports and an annual report,
as well as this final report.
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TATE OF CALIFORMIA—RESOURCES AGEMCY WILLIAM E. WARME, Direclor

;E=FARTMENT OF WATER RESOURCES

', 0. BOX 388
ACRAMENTO

November 5, 1964

State Water Quality Control Board
Resources PBuilding

Room 855

1416 Ninth Street

Sacramento, California 95814

Attention: Mr. Paul R. Bonderson
Executive Officer

Gentlemen :

I am pleased to transmit herewith the final report on "Dispersion
and Persistence of Synthetic Detergents in Ground Water of San Bernmardino
and Riverside Counties”. It incorporates the information contained in the
progress reports and the annual report submitted earlier, and also includes
materlal obtained during the latter part of the study.

This report traces the movement, both laterally and vertically,
of ABS (the foam-producing constituent of synthetic detergents) through
surface and ground waters of the affected area, thus giving valuable infor-
mation on mixing and dispersion within a ground water basin.

In addition, the study shows that approximately 80 percent of
the ABS entering the soil is degraded (broken down) as it percolates
through the zone of aeration. Most of this degradation, about 66 percent,
takes place within the first 10 feet of percoclation.

The soap and detergent industry has announced plans to convert,
by June 30, 1965, from the ABS-type detergent to one that is more easily
broken down in normal sewage treatment. Because of the proposed conver-
sion, this report recommends that the study be continued so that the
effecte of the new detergent on the basin can be evaluated, and the de-
gradability of the new detergent in an actual ground water basin can be
determined. Continuation of this study, utilizing the disappearance of
the ABS detergent as a tracer, will add invaluable basic knowledge on
ground water flows.

Sincerely yours,

Piblin. £ 4P

Director
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Water from well in Colton Marrows of Sonta Ana River

"The problem...was first recognized when operators
of two separate wells.. noticed foaming in their
irrigation water.



CHAPTER |
INTRODUCTION

The problem toward which this study is divected
was first recognized in August 1960 when operators
of two separate wells in the Colton Narrows area of
the Santa Ana River of Southern California noticed
foaming in their irrigation water. Their complaints
to the Santa Ana Regional Water Pollution Control
Board led to a sampling of other wells in the area,
eonducted by the board and the California State
Department of Water Resources. As a result, the pres-
ence of foaming was also detected in other irvigation
wells.

An analysis of the offending waters revealed that
appreciable conecentrations of alkyl benzene salfonate
(a constituent of most household detergents and com-
monly known as ABS) were responsible for the foam-
ing. The origin was presumed to be the municipal
wiastes discharged at points upstream of the wells,

Armed with these facts, members of the board peti-
tioned the State Water Quality Control Board for a
comprehensive study to determine both the disper-
sion and persistenee of synthetie detergents in the
ground water producing arvea along the Santa Ana
River. The Department of Water Resources was se-
lected to conduet the investiration, aml the report
that follows summarizes the findings of that study.

Never before had the effeets of ABS been studied on
such a seale. Prior to this investigation, workers at
a number of laboratories had made studies on degra-
dation of ABS soil columns and lysimeters, nsing both
artificial media and various natural soil types. ABS
problems in restricted areas of ground water basins in
the eastern United States had led to limited ground
water investizations. Coneentrations of ABS in the
surface waters of major river systems had also been
monitored for many years. In Germany and England,
for example, extensive laboratory investigations had
beenn undertaken to determine the eauses of foaming
along the Rhine and Dee Rivers,

All these studies provided many needed basie con-
cepts on the nature of foaming, adsorption, and bac-
terial and sodl action on ABS, but failed to answer the
fundamental question of how does ABS mix, disperse
or persist in an extensive ground water basin under
natural conditions. Henee, the need for this investiga-
tiom.

At first, the area of investigation appeared to be an
ideal site beeause all the requisites for a study to de-
termine the dispersion and mixing of ABS in a
ground water basin were available, ie., sources of
ABS, confined river channel, abundant hydrologic
data, and confined area downstream in which to
monitor outflow. Seon after the start of the investiga-
tion, however, a number of complexities were revealed.
These included the recognition that many—not just
one or two—sewage sourees are involved, the unusual
steueture of the ground water aguifers (they are cir-

(1)

cuitous, braided, and varied in permeability, thick-
ness, and lithologie characteristics), and the fact that
not all subsurface flows follow the river floodplain.
Other problems encountered were the existence of
structural barriers between the sources of ABS and
monitoring wells, the long history of litigation in the
area that hinders the obtainine of records, and the
extensive pumping programs and exports from the
area that lead to unnatural conditions by reversing
hvdranlic gradients and cavse seasonal shifts in ex-
tent of areas of high concentrations of ABS. A study
such as this had no precedent and thus these diffieul
ties conld not be foreseen but had to be overcome as
the study progressed.

Area of Investigation

The area of investigation depicted on Plate 1, ** Lo-
cation Map’® is a reach of the Santa Ana River be-
tween Loma Linda and the Riverside Narrows at
Pedley and extending into a portion of both San
Bernardino and Riverside Counties, Where the river
passes between Slover Mountain amd La Loma Hills,
the area is known as Colton Narrows, The remaining
portion of the river is a broad Hoodplain that narrows
at a bedrock constriction known as the Riverside
Narrows. The major area found to be affected by
ABS roughly follows the Hoodplain and is approx-
imately 10 miles in length. A less affected area also
exists east of the La Loma Hills in the East Riverside
Mesa. The affected areas oceupy portions of three
ground water basins: Bunker Hill Basin, Colton Ba-
sin, and Riverside Basin.

Three natural barriers to sround water movement
are loeated in the area of investisation. All trend
approximately northwest to southeast and all are lo-
eated near the northern end of the area, One of the
three—the Loma Linda faunlt—is actually north of
the affected area. Therefore, only the San Jacinto
fanlt and Rialto-Colton Barrier figure in the study,

Objectives of the Investigation
The general objectives of the investigation of dis-
persion and persistence of synthetie detergents in
ground water in the Colton Narrows of San Ber-
nardinge and Riverside Counties are

1. To assist the Santa Ana Regional Water Pollu-
tion Control Board in the conduet of its rezula.
tory responsibilities.

2. To determine the fate of syvnthetie deteroents
percolating into ground waters.

4. To develop Fundamental data that will aid in
the evalnation of mixing and dispersion within
a ground water basin,
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DISPERSION AND PERSISTENCE OF SYNTHETIC DETERGENTS 4

To attain these objectives the following determina-
tiong were made: the areal extent of AR concentra-
tion in the Colton Narvows area and the changes
ovenrring during the period of investigation, the con-
centrations of ABS reaching the ground water by
pereolation through the unsaturated zone, dispersion
of synthetie detergents in the ground water body, ex-
tent of vertieal mixing of ABS in the oround water
body, and persistence of synthetic detergents in
around water,

Definitions and Properties of ABS

By definition, a detergent is anything that cleanses,
ineluding ordinary soap and the new ‘‘symthetics.’’
The most widely used household synthetic detergents
contain the anionic surfactant ABS,

A surfactant is an organic compound that is ““sur-
face active,”" which means it has the ability to act as
a link between the water and dirt particles. Thus, dirt
particles are ““tied’' to the water by the surfactant so
that mechanical agitation in the washing process ean
pull the dirt from the soiled material and keep it in
the wash water.

Every moleeule of ABS does not have exactly the
same structural arrangement, as the carbon ehain may
be branched or may be a single straight chain. Also,
the molecule may contain from 9 to 15 carbon atoms.

Biological degradability (breakdown of complex or-
ganie compounds to simple forms by biological action)
is determined by the molecular weight and arrange-
ment of the side chain, Straight chains are more sus-
ceptible to bacterial and biological degradation than
are those with side branching.

The predominant arrangement of the ABS molecule
congists of the ““alkyl" (noneyelie) side chain con-
taining 12 carbon atoms in a branched arrangement
and a evelicsulfonate benzene ring. Figure 1 shows
such a moleeular strueture and contrasts it with the
proposed new linear alkylate sulfonate known as
LAS. LAS is biologically degradable under nor-
mal sewage treatment and is popularly termed a ** soft
type,’’ as opposed to the **hard type’” ABS.

In addition to the surfactant ABS, household svn-
thetic detergents contain many other ingredients that
act as wetting, dispersing. bleaching. stabilizing, and

TABLE 1
Typical Synthetic Detergent Formulation
Propariion hy

weight,
Targrred ienf fi pereent Fumedion
Burface aetive ngent 20 Rednees surfnes tension
Mhosphonte As Buffer—nxsists suspension, dis-
per=ion, and emulsifieation of
sl
Sodium =ulfate L] Provides nedditionn] electrolyte
to il wetting and dispersion
Howlinm silicate i Prevents metal corrosion
][Ftll_!.'l on | Dnglonse 1 I"révients rrl:ll.']n'liditirlll o sl
Fatty acids Fi Srahilize foam
Sodinm perborate ] Aets ns Wenching agent

"erfumes, antioxi-
dants. Huorescent
dyes, and Impuritiexs 1

Inhance appearanes ad @romas
af poroduct

emulsifying agents. Table 1 gives the formation of a
tvpical synthetic detergent and the function of each
ingredient.

ABS in even low concentrations causes sudsing or
foaming in waters beeause of the lowering of surface
tension at the air-water interface. Foaming occurs
particularly during pumping or agitation of the water.
This foaming property is what first attracted the pub-
le's attention to the presence of ABS in rivers, sew-
age effluents, and water supplies. In gther words,
aesthetie considerations have been responsible for the
public reaction against ABS.

The real problem, however, lies in the ability of
ABS to pollute ground waters. This is beecoming in-
ereasingly undesirable beeanse of the growing prae-
tice of reclaiming waste waters by recharge to ground
water basins through spreading or injection. As little
as 0.5 mg, 1 of ABS may cause foaming when the
water is drawn from the household tap, particnlarly
if the faueet has a screening device to agitate the
water., Thus, ABS is the main **Villain'' that stands
in the way of sneceessfully reclaiming waste waters,
because the other organic contaminants are largely
adsorbed or degraded as they pass through a suffi-
cient amount of seil. 19

ABS has not proved to be toxie to man even in con-
centrations far in excess of 1 to 3 mg/l, sueh as those
found in ground waters in the study area. However,
copions foaming is noted at these concentrations dur-
ing pumping of wells. The United States Public
Health Serviee has set a recommended upper limit
of 0.5 mg/l for ABS in drinking water supplies based
on aesthetic consideration (foaming).

Becanse ABS is reported to be degradable only
from 50 to 60 percent by conventional aerobic and
biologieal treatment, a need for the development of
a more derradable type of ABS molecule is urgent.
The soap and detergent indnstry has spent millions of
dollars in research to develop a more biodegradable
detergent. Largely through these efforts, the industry
has established a fimetable for full-scale distribu-
tion of biodegradable LAS by the middle of 1965.

Impact of LAS on Detergent Prablem

The physical properties and characteristies of LAS
are essentially the same as those of ABS, with the
major difference that this material is reported, by
laboratory investigators, to be almost entirely biode-
eradable by conventional aerobie sewage treatment.
It is anticipated that this additional biodegrad-
ability will be sufficient to reduce the LAS concen-
trations in the waste waters to a level that will pre-
vent foaming, This biedegradability is attributed to
the presence of only straight chain hydrocarbons in
the molecule,

The soap and detergent industry anticipated that by
the end of 1963, engineering and cost estimates and
full-scale pilot plants would be completed, and sam-
ples made available for tests of biedegradability and
for washing ability of the new LAS., By mid-1964,
the indusiry expeeted to start full-seale produetion

* Numbers refer to llst of Selected References In Appendix A.
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and regular tank car shipments to distributors. June
1965 is wiven as the target date for the depletion of
the existing ABS inventories and the full conversion
by the industry to the use of the new LAS detergent,

By the end of 1966, when the new type of detergent
has been in use approximately 18 months, valuable in-
formation ean be obtained on the rate of disap-
pearanee of ABS from a ground water basin, Con-
tinuation of the study in this area, where data on
ABS concentrations in ground water are available
and where test wells and facilities for monitoring are
in existence, would make possible an evaluation of
the degradability of LAS and the disappearance of
ABS in a ground water basin under actual field con-
ditions. Mueh valuable information could be obtained
and added to the general knowledge of the dispersion
and mixing of waters in this and similar ground
water basins and on the rate of disappearance and
fate of organic-type contaminants, some of which may
not be known today. This ready-made opportunity to
obtain such information at a reasonable cost and on
sieh a large seale may never present itself again.

Scope and Conduct of the Investigation

The investigation reported here utilized the full-
or part-time services of three technieal persons over
the three-vear study period. It also required the part-
time services of other department personnel for per-
forming pumping tests, sampling, analyzing samples,
and eollecting data. Many cooperating agencies as-
sisted with basie data colleetion.

|fl'|!1'i!|,1_T the iit'l.'i'-:i‘[ig]lliuh. the ﬁ:“u“‘illg items were
accomplished

1. A literatove search for pertinent information on
svnthetie detergents, hydrology, and geology of
the study avea, and preparation of a bibliog-
raphy, which is inclnded in Appendix A of
this report,

2. Formation of a committee, titled ** Advisory Com-
miittee on Dispersion and Persistenee of ABS in
Gronnd Waters,"” in March 1962 to provide tech-
nieal assistance and eounsel for the investiza-
tion. Meetings were held during the course of
the investization to evaluate progress,

3. Delineation of problem area and selection of
wells for monitoring. These were obtained from
a compilation of previous data and new data
gathered in the field.

4. A field eanvass of wells in the problem area in

July 1964 to provide a elosing inventory of ABS

concentrations.

+ A program of geologic field mapping to delin-
eate the wvarious unconsolidated and consoli-
dated water-bearing deposits, as well as the non-
water-bearing roeks. Geologic sections were
prepared to better understand the subsurface
relationships and intereconnections of these water-
bearing materials. Information from drillers’
logs were nged to contour the undulating and
irregular buried surface of the hedrock. These

data were used to indieate the thickness of the
alluvium and estimate the depth to drill the
test wells. Extensions of the aguifer materials
indicated the most likely paths of subsarface
flow and aided in the interpretation of hydro-
logic data,
6. Drilling of six test holes along the floodplain of
the Santa Ana River. Samples were obtained at
selected depths from these test holes and an-
alyzed for ABS and seleeted chemieal consti-
Tuents,
Development, testing, and suceessful use of
methods for obtaining subsurface samples from
the nnsaturated and saturated zones.

8, Determination of the apparent decrease in ABS
concentrations of the waste waters during per-
colation through the zone of aeration to depths
of 55 feet.

9, Evaluation of the analytical procedure used dur-
ing this study for the determination of ABS.
The evaluation included a determination of the
standard deviations for several concentrations of
ABS to determine the precision of the test. The
method of analysis and its evaluation are given
in Appendix 1D,

10, Analysis and evaluation of water gquality data as
a possible means of explaining the direction and
quantities of subsurface flows and their effects
upon the dispersion and mixing of ABS in
ground waters, Water quality data were corre-
lated with variations of surface flows, waste dis-
charges, and seasonal extractions to determine
the extent of mixing within the ground water
basin.

=1

Related Investigations and Reports

The first study of the hydrology of the San Ber-
nardine Valley was made in 1888 by William Ham
Hall, the first State Engineer of California. In 1905,
W. C, Mendenhall made s comprehensive investigation
of the hydrology and published the results "% 2, These
reports delineated the original artesian areas and
the geologie setting for the wvallew, In 1945 the
Division of Water Resources instigated an investi-
gation of the “Geology and Ground Water Storage
Capacity of Valley Fill"" and published the re.
sults in Bulletin No. 45 '*, Bulletin No. 15, ‘‘Santa
Ana River Investigation,'" '™ which was released in
February 19549, reported on an extensive investiga-
tion encompassing the entire drainace system of the
Santa Ana River and of the surface and underground
water resources. The reports also gave estimates of
ultimate water utilization, along with a list of flood
conitrol problems. In June 1962, the Santa Ana Re-
rional Water Pollution Control Board staff members
prepared a report entitled, *‘ Report on Preliminary
Investigation Oeeurrence of Apparent Alkyl Ben-
zene Sulfonate Surface and Ground Waters of Santa
Ana River Vicinity of Colton Narrows.” 2% This re-
port summarized the data obtained during a field
reconnaissanee study of apparent ABS concentra-
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tions in wells and waste waters in the immediate area
along the Santa Ana River at Colton Narrows. These
and related reports arve listed in Appendix A.

Advisory Committee on Investigation

Soon after the agreement for the investigation
reported here was drawn up, a committee of out-
standing qualified personnel to provide additional
technical assistance for the conduet of this investi-
gation was formed. Such a plan was decided upon
becanse of the highly technical field type of investiza-
tion required.

Members of the Advisory Committee on Dispersion
and Persistenee of Syunthetic Detergents in Ground
Waters were earefully chosen on the basis of their
technical specialties and contributions in the fields of
engineering, hvdrology, ehemistry, and publie health.

Named to the eommittes were the following :

Warren T. Kanfman, Professor of Sanitary Engineer-
ing, University of California, Berkeley

J. E. MeKee, Professor of Environmental Health
Engineering, California Institute of Technology

John . Merrell, Jr.. United States Publie Health
Servies

Raymond V. Stone, Jr., (Formerly Executive Officer,
Santa Ana Regional Water Pollution Control
Board)

Paul Ward, Supervising Sanitary Engineer, Depart-
ment of Public Health, State of California

Mr. Stone was replaced by :
Richard A. Bueermann, Exeeutive Officer, Santa Ana
Regional Water Pollution Control Board



CHAPTER I
GEOLOGY AND HYDROLOGY

Fundamental to any study of ground water are the
eeology and hydrology of the area. This chapter is
designed to give information on both subjeets for
the area of investigation.

First is ineluded an abbreviated discussion of the
water-bearing and nonwater-bearing sediments and
rock masses occeurring along a portion of the Santa
Ana River. Tn addition, those struetural faults that
form barriers to subsurface flow and all other geo-
logie features that affect the ground water movements
in the area are diseussed. A more detailed geologic
description is ineluded under Appendix E of this
report.

Following the section on geology is a discussion of
the various hydrologic factors that may affect the oe-
eurrence, movement, dispersion, and mixing of deter-
gents in a ground water basin. The report is not
intended to present the standard hydrological analy-
sis, which normally includes items on supply, water
utilization, and change in storage.

General Geology

Areal geology of the area is shown on Plate 2, *° Areal
Geology.”' Plates 3 through 6, *'Geologic Sections
A-A’, BB, C.C¢, DD, B-E, F-F; G-¢, J-J, K-K',
L-L', and M-M","" depiet the subsurface geology along
and aeross the Santa Ana River and adjacent plains.
The surface and subsurface geology reported here is
based upon field surveys and reconnaissance mapping,
office studies, published reports, and exploratory
drilling.

The Santa Ana River begins in the San Bernardino
Mountains and flows in a general southern and south-
western direction and empties into the Pacific Ocean
near Newport Beach, Orange County, California. In
the study area, the river flows southwesterly and
westerly across a broad floodplain in the reach from
Loma Linda to Arlington. The floodplain at Colton
Narrows constricts to 4,000 feet between Slover Moun-
tain on the north and TLa Loma Hills on the south.
Flanking both sides of the floodplain are the escarp-
ments and terraces of the Riverside and Fontana
Plains, which stand topographically higher than
the floodplain itself. Crystalline rock masses protrud-
ing through the alluvial fans and plains rise above the
surrounding allovium. This erystalline complex is
considered to be essentially nonwater-bearing.

Alluviam, derived from the S8an Gabriel, San Ber-
nardino, and Box Springs Mountains, as well as the
San Timoteo Badlands, comprises the material of the
plains and floodplain. As is shown on Plate 2, the al-
luvial deposits have been separated into three divi-
sions according to the superposition and degree of
weathering. The river channel deposits (Qal) are
composed of blue to black clays, silts, silty sand, and

(6)

other fine-grained sediments. These have been referred
to as River Channel Deposits (Qre) in an earlier re-
port by the United States Geologic Survey (USGS).
These sediments oceur to a depth of 25 to 30 feet below
the river floodplain. In some parts of the floodplain,
particularly over buried bedrock ‘‘highs,” this mem-
ber is missing. Younger alluvium (Qyal), the upper-
most water-bearing zone, underlies this most recent
alluvium and extends to a depth of approximately
90 to 100 feet. When water levels were high, therge
coarse-grained sediments acted as the main conduit
for underflow across the San Jacinto fault, but they
have decreased in importance with the lowering of
the water table, Older alluvium {Qoal), which makes
up the plains, terraces, and mesas, is composed of
clay, silt, sand, and gravel. Three different types of
older alluvium are discernible : Terrace deposits along
the west side of Reche Canyon, resulting from down-
entting processes of the Santa Ana River in its adjust-
ment to sea level changes during glacial periods; al-
luvial fan material of the mesas and plains, which
weathers to reddish brown eclays and silts; and
residual soils developing from the processes of weath-
ering. This older alluvium, containing several aquifers,
is the primary water-bearing zone. These deposits
comprising the older alluvium also underlie hoth
Recent alluvial deposits, Qal and Qyal, beneath the
Santa Ana River floodplain. Aeclian deposits of sand
overlie the older deposits, and although they are not
important as waterbearing aquifer, they do serve as
conduits to transport surface water as it percolates
to the older alluvium.

Under that portion of the river between the Rialto-
lolton Barrier and the San Jacinto fanlt, the older
alluvinm is underlain by Tertiary sediments known as
the San Timoteo beds. The S8an Timoteo beds are not
important as water-producing materials. These sedi-
ments also erop out in the San Timoteo Badlands,
south of the Santa Ana River,

Downstream of the Rialto-Colton Barrier, the erys-
talline rock forms the floor upon which the alluvium
of the Santa Ana River floodplain is laid. This base-
ment eomplex also underlies the older allovium and
San Timoteo beds with a configuration that is undu-
lating. The total thickness of all alluvial deposits in
this area vary from 85 feet to possibly 400 feet. Sub-
surface *“highs’’ of the bedrock ocenr beneath the
Santa Ana River channel at Colton Narrows, at Eubi-
doux, and at Riverside Narrows. Upstream of the
Rialto-Colton Barrier, few wells have reached a
erystalline rock. Here the basement rock is broken
into blocks, the first of which is an uplifted block be-
tween the Loma Linda and San Jacinto faults and
the seeond is a downdropped block between the San
Jacinto fault and Rialto-Colton Barrier,
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The major structural feature in the vieinity is the
San Jacinto fault that crosses the Santa Ana River
about 2 miles northeast of Slover Mountain, This
fault trends northwesterly-southeasterly  and passes
just to the east of Reche Canyon Road. The San
Juvinto fault has a controlling influeiee on the move-
ment of ground water from Bunker Hill Basin into
Colton Basin, as well as possibly contributing thermal
waters from deeper aquifers. Water level data in-
dicate the existenve of another subsurface barrier, re-
ferred to as the Rialto-Colton Barrier, which trends
northwesterly from the general vieinity of the northern
extent of Slover Mountain toward Rialto. Although
little is known eoncerning the subsurface extent or
characteristics of this barrier, an impedance to the
movement of ground water from the Colton Basin is
indicated. On the downstream side of this barrier,
wells bottom in bedrock, while to the northeast no
bedrock is encountered. Geoloige sections A-A’ and
B-B’ shown in Plate 3 depiet the bedrock eonfigura-
tion.

General Hydrology

Ground waters in the immediate vicinity of the
Santa Ana River downstream of the Loma Linda
fault and upstream of Riverside Avenue are currently

replenished by pereolation of sewage effluents. To a
lesser degree, they are replenished by deep percolation
of rainfall, irrigation return water, oecasional flood
flows, and subsurface inflow. Subsurface inflow may
congist of waters moving laterally or horizontally into
the area. Thermal waters are added minor compo-
nents of those waters, moving vertically upward along
the San Jacinto and Loma Linda faults. These thermal
waters may be meteorie waters which, through deep
percalation, have contacted warm rock materials and
moved toward the ground surface, or they may be
magmatic, or connate, waters that find a release
throngh the erushed materials along the faults. The
source of these waters is indieated by their proximity
to faults, by their high temperatures, and by their
high eoncentrations of fluorides. Ground waters
leave the Colton Basin by subsurface outflow, by be-
ing exported to land overlying other basins ‘and, to
a4 very minor extent, by evaporation and transpiration
from consumptive use of riparian vegetation.

The area of Investigation which lies along the Santa
Ana River from Loma Linda to the Riverside Nar-
rows at Pedley, is semiarid, with warm, dry summers

“and cool, wet winters. The mean average annual
temperature is about 63° F, with variations from 18 ©
to 118° F.

Precipitation

~ The rainfall season is in the winter with about 70
percent of the preeipitation oceurring during De-
eember, Ia=u1lm.r;].r+ February, and March. Seasonal pre-
eipitation inereases from south to north. Troxell attrib-
utes the precipitation in this area to three types of
storms resulting from three different conditions: Pa-

“eific maritime air masses moving from the west and
northwest upon the area form the prinecipal souree of

winter precipitation; tropical Pacific maritime air
masses moving in from the south and southwest
provide a secondary source of winter rainfall ; and
tropieal air masses orviginating over the warm waters
of the Caribbean Sea and the Gulf of California in-
frequently lead to summer storms that move into the
area from the south or southeast.”™' The unstable air
from the three types of storms ecirculates because of
the unequal temperatures existing among air masses.
It is lifted over the mountains and there the water
vapor in the clonds precipitates because of the lowered
temperatures.

Twa rainfall stations were selected for measuring
precipitation, one at either end of the study area. The
upstream loeation, at the U. 5. Weather Bureaun
Station in the City of San Bernardino, shows a 50-
vear mean (1897 through 1947) of 17.35 inches. The
downstream station, located in the City of Riverside,
shows a mean seasonal preeipitation of 10,65 inches
(1930 through 1961). For the period of this study,
the monthly rainfall is as shown in Table 2.

TABLE 2
Monthly Rainfall At Twe Selected Stations
In inches
Han Bernardine Riverside
sfation stafion
Wonth 1062 1063 196§ 1962 1963 1964
January . 232 077 1.685 165 0aT7 1.20
February ... 508 312 032 4.02 241 024
March _. e 1.7T4 1.61 o A 128 1.04
April e o2 242 It A0 144 0.75
May BT .00} 0,39 A4 0,00 0.05
June SEEICRN i | 048 4 0% £
July, - 00 000 = A .04 [TE
August 00 002 00 (11 -
Beptember — 0 4,42 L i) 3m 2l
October ______ 14 1.58 =5 AL 032 =
November ... T 2.06 L A1 1.73 -
Decomber M 02y i i3 0,00 o
TOTAL .. 17.35 717 1146

For the 21-year period, 1927-1948 inclusive, calen-
lations of the effect of rainfall indieate that, in the
Colton Basin, 1,900 acre-feet of water has gone into
deep penetration from rainfall and 1,100 acre-
feet has gone into deep penetration from water arti-
ficially applied.'*™ Dividing this 3,000 acre-feet by the
21-year period gives an annual mean of 143 acre-
feet of deep percolation from rainfall and irrigation
return waters exelnsive of sewage. However, sinece
1948, thiz area has been experiencing a drought and,
therefore, the amount of water available for deep
penetration from rainfall is negligible.

Surface Flows

The natural surface flows of streams in the area of
investization oceur only during times of moderate
to heavy rainfall or infrequent flood flow. During
periods of mo rainfall, the flows that oeeur in both
Warm Creek and the Santa Ana River consist mainly
of effluent discharged from the City of San Bernardino
Treatment Plants Nos. 1 and 2 located along these
streams. The locations of these plants are shown on
Plate 1. Santa Ana River and Warm Creek upstream
of these plants have been dry sinee the beginning of
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this study. Presently, the percolating sewage effluent
alone has contributed 12,261 acre-feet in the 1962.
1963 fiscal year. Similarly, calenlations of the
amount of water removed by consumptive use of vege-
tation along the Santa Ana River show it to be less
than 1 percent of the surface flow. Therefore, 1t will
not be considered in this report.

Sinee 1961, the peak daily sewage discharges from
the San Bernardino Plants Nos. 1 and 2 have occurred
at noon, while the minimum daily releases were be-
tween B and T am. These flows arve depicted in
Figure 2. A smaller peak is indicated at 8 p.m, These
fluriuations have held true for the three years of
1961-1963. Monthly variations of the sewagze releases
for the past five years as depicied in Figure 3 show
that inereasing quantities of effluent are being released
vearly. Where the effluent releases exeeeded the stream
flow, the difference between the two is assumed to
have percolated down through the soil in the reaches
of the streams between the sewage treatment plants
and the garing stations,

To determine guantities of effluent percolating
in the streambed and welocities of flow, discharge
along the Santa Ana River at four locations down-
stream of San Bernardino Treatment Plants 1 and 2
wasg measnred on July 23 and 24, 1963, The resulis
of these measurements are shown on Figure 4 and
the locations of the four measuring points arve shown
on Plate 1 as surface sampling stations. As the peak
of the flow moved downstream, the gquantity of flow
diminished as it passed each station.

The maximum flow peak traveled downsteewm al
approximate vates of 083 to 1.3 feet per second.
Two hours were required to travel from Mt. Vernon
Avenue to La Cadena Drive (from surfaee sampling
stations A to B), a distanee of 9,500 feet (1.3 feet
per second) ; two hours from Ta Cadena Drive to
the Duck Farm (from B to C), a distance of 6,000
feet. (0.83 feet per second); and two hours from
the Duck Farm to Riverside Avenue (from O fo
7], a distance of 8,700 feet (1.2 feet per second).

OFf the total volume of waste water released by the
two San Bernardino plants, 20 percent of the total had
pereclated by the time the Aow reached Mt. Yernon
Avenue garing station, a distance of 7,200 feet; ap-
proximately 46 percent had percolated before the fow
reached La Cadena Drive; 66 percent had percolated
when the flow reached the Duck Farm; and 95 per-
cent had percolated when the flow reached Riverside
Avenue, These waters infiltrated into the zone of aera-
tiom and percolated downward to the ground water
table.

Subsurface Flows

The USGE ealeulated subsurface fHows across the
San Jaecinto fanlt through a seetion 5,800 feet wide
in the upper 110 feet of alluvial matervial. However, no
data could be found for other subsurface flows in
other parts of the study area. For the years 1935 to
1949, the U1SGS determined that annnal Aows across
the San Jacinto fanlt ranged from 23,700 acre-feet to
15,800 aere-feet.'3' Tsing the same thickness of allu-
vial materials and a cross section across the Santa Ana

River approximately equal to that used hy the USGS,
the personnel of the Department of Water Resources
updated these flow values from 1949 through 1962.
The flows ranged from 10,500 acre-feet in 1950 to
3,000 aere-feet in 1962, From recent geological ex-
ploratory drilling, the thickness of the Reeent allu-
vinm was found to be 85 feet. Therefore, a revision of
the previously mentioned figures was necessary. Rn;»
vised subsurface flows range from 19,700 acre-feet in
1935 to a low of 2,500 acre-feet in 1962, a reduction of
approximately 17 percent from the earlier USGS
data.

Results of a well canvass and sampling program
carried out in July 1962 revealed an advancing ABS
front that was not restrieted to the river. This was an
indieation that subsurface materials were serving as
condnits to divert ground water around areas of ex-
posed basement eomplex. To determine the magnitude
and direetion of these subsurface flows, the formula
() = TIW was used ; where ) is the quantity of flow,
T is the transmissibility, T is the water table gradient
and W is the width of seetion taken for the calenla-
tion.

For this report subsurface flows, based on water
levels as of winter 1961 and spring 1963, were then
calenlated at different places throughout the study
area. Transmissibility values, based upon well pump
fosts, were assiened to various lithologic materials
shown on drillers’ well logs on file with this depart-
ment. Plate 7, ““Ground Water Flows, Winter 1961,"
and Plate 8, ““Ground Water Flows, Spring 1963 and
Ground Water Quality, 1962-1964,"" indicate the most
probable paths of subsurface flow, The arrows serve
as vectors to represent relative magnitude of the flow
quantities. Apparent velocities of subsurface flows are
listed at ecach eross section line directly beneath the
value of the subsurface flow.

Suhswrfnce Flows for Winder (961,

Plate 7 depicts the subsurface fHows for the study
area based on ground water elevations for the winter
of 1961. During this period, subsurface flows in the
amounts of 16,790 acre-feet per vear (AFY) (Line
B-B') and 7,117 AFY (Line A-A’) were directed
toward Section 32, T15, R4AW, This area was heavily
pumped in the summer and fall of 1961 and the pump-
ing depression that developed created gradients so that
waters were drawn both from the vicinity of Slover
Mountain and the East Riverside Mesa. That water
drawn from the East Riverside Mesa to the Santa Ana
River was probably derived from subsurface percola-
tion of applied irrigation on the higher slopes of the
mesa. Subsurface water leaving the East Riverside
Mesa between La Loma Hills and Box Springs Moun-
tains in the winter 1961 was 7,660 AFY (Line E-E’).
Liine D-I¥ indicates that only 2007 AFY flowed be-
neath the Santa Ana River north of the La Loma Hills
and that 657 AFY of this amount (Line F-F*) passed
north of Mount Rubidoux. Subsurface flow in a south-
western direction between Mount Rubidoux and Pa-
chappa Hill amounted to 730 AFY (Line G-G*). Sub-
surface flow across Line C-C' was not calenlated for
the winter 1961,
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Nubsurface Flows for Spring 1963,

Plate 8 indieates calenlated subsurface flows for the
spring of 1963, Note the flow across Line A-A’
was in the opposite direction from that for the winter
of 1961 and amounted to 6,935 AFY. Subsurface flow
crossing Line B-B” was nearly half the value of that
for the winter 1961, or 8,760 AFY. Subsurface flows
heneath the Santa Ana River floodplain across Lines
C-C" and D-IV showed a slight increase over the win-
ter of 1961 ; their values were 2,299 and 2,555 AFY,
respectively., Ground water leaving the East River-
side Mesa for the winter of 1961 and the spring of
1963 remained the same, 7,665 AFY. Northeast of
Mounnt Rubidonx, the flow was 730 AFY in a south-
western direction, while south of the mount, 2,007
AFY passed between Mount Rubidoux and Pachappa
i,

Water Levals

Water levels, shown on Plates 9, 10, 11, and 12,
“Ground Water Elevations’® for the years 1945,
1961, 1962, 1963, and 1964, were used to indicate areas
of heavy extractions and hydranlic gradients for the
evaluation of flow patterns. A pumping depression
just east of the La Loma TTills and north of the bluff
of the East Riverside Mesa was first noticed during
the overall canvass of wells in July 1962, After that,
the pumping depression disappeared, The spring wa-
ter levels of 1963 again showed a slight pumping de-
pression beginning to form with its corresponding
cromnd water divide beneath the East Riverside Mesa,
controlling the amount of underflow beneath the mesa.
Another area of major annual change in water levels
was in that portion of Bunker Iill Basin near the San
Jaginto fault where piezometric pressure levels indi-
cated an upstream gradient, With a lowered water
table in the Bunker Hill Basin in recent vears, less
dilution water has mixed with the sewage effluent
amd, as a result, ABS concentrations downstream of
the San Jacinto fault have been higher.

To obtain samples of water in the zone of satura-
tion, four test wells were drilled downstream of the
two Sun Bernardine treatment plants. They are desig-
nated on Plate 1 as test wells Nos, 1-4.

Test well No. 1 (15/4W-28E1) showed a statie wa-
ter level of 61 feet below ground surface before pump-
ing. Rate of pumping during development was 94

vpm. ABS concentration in the ground water was
about 0.7 mg/1 and foaming was evident during the
prump tests.

Test well No. 2 (18/4W-32E12) had a statie water
level of 82.48 feet. Pumping began at a rate of 74.1
epm. An inerease of the pumping rate to 117 gpm
gave a water level of 85.1 feet. Pumping was then de-
ereased to 62 gpm and the water level rose to 83.0 feet,
Foaming of the discharge water was also observed dur-
ing development. ABS concentration was more than
1.0 mg/1 at the time of development.

Toest well Mo, 3 (18/5W-36A1) was pumped dry in
two minutes at a rate of 90 gpm with the pump bowls
set at 88 feet. Recovering to the original statie water
level of 46 feet, required one hour and seven minutes,
A second pump test was performed. It confirmed the
original findings that the well was not productive.
However, valnable geologic data was obtained.

Test well No. 4 (28/5W-11K2) showed a static level
of 31 feet prior to pumping. The well was pumped
at 156 gpm and the resulting water level was 34.5
feet, indieating a good pumping well.

Water level recorders were placed in test wells Na.
1 and No. 2 to observe the daily and weekly varia-
tions. Water levels in test well No. 1 fluctuated sev-
eral times a day., The daily low generally appeared
between 7 and 8 a.m. and the daily high at 1 to 4
pam, Levels in test well No. 1 rose from February
11 to March 2, 1964, remained steady until March 11,
1964, and then began dropping. Daily variations
stopped over the weekends, probably because of the
cessation of pumping of nearby wells. In 1964, levels
in test well No. T were rising in the early part of May
but dropping toward the end of June. Test well No.
2 does not show the same daily fluctuations of water
level as does test well No, 1, Instead, the levels con-
tinually rose from January 8, 1964, to February 24,
1964, then held steady. From March 11, 1964, till the
end of March, levels again began rising.

From February 1963 to May 1964, the depth to
water in well No. 1 varied from 64 feet to 57.75 feet;
m well No. 2, it varied from 75.5 in May 1963 to
8309 in October 1963 ; in well No. 3, it varied from
45 feet in Febrnary 1963 to 41.5 feet in January
1964; and in well No. 4, it varied from 28 feet in
March 1963 to 32.73 feet in October 1963. The great-
est variation was 7.59 feet in well No, 2.



CHAPTER IlI
DEVELOPMENT OF METHODS AND SAMPLING TECHNIQUES

To obtain the needed information on the coneentra-
tions of ABS in waters within the area of investiga.
| tion, sampling methods and techniques had to he
- chosen. Because of the uniqueness of this study, many
- of these methods and technigues were developed in the
|

course of this investigation.

The overall program involved selecting wells for
monitoring, drilling test wells and test holes for sub.-
surfaece sampling, choosing sites for surface sampling,
and developing ways of taking eontinuons ground
water samples from within the zone of aeration. In-
gluded in this chapter is information on the locations
for each of these sampling points, plus details on the
methods and teehnigues developed for this partieunlar

study.

Methods for Sampling Zone of Aeration

Laboratory experiments conducted at the 1. =
Publiec Health Serviee facilities, Robert A, Taft San-
itary Engineering Center, Cineinnati, Ohio 27 and
the Sanitary Engineering Research Laboratory, Uni-
versity of California, Berkeley " have shown that
when ABS percolates though soil in the zone of aera-
tion, a portion of it i= degraded. To determine if these
laboratory findings were applicable to field eonditions
under intermittent and continual spreading of sewagme
effluent in the study areas, collection of percolating
efflient throughont the unsaturated zone was neees.
sary.

Early geologie investigations of the study area re-
vealed that existing methods and techniques for col-
lecting percolating waters, (ie. lysimeters and well
- points) were not feasible beeause of unfavorable li-
thology, excessive thickness of the unsaturated zone,
and excessive costs of installing conventional sam-
pling devices. It became obvious that equipment,
methods, and technigues would have to be developed
to insure that samples colleeted under existing field
“conditions were truly representative of the percolat.
- ing water.

. The following sections will deseribe the construe-
tion and physical operation of a eonventional tensi-
~ometer and the modifieations and adaptations made
by the department to obtain surface and subsurface
- water samples at various depths in the zone of aera-
tion.

P A conventional tensiometer as used by the soil sei-
“entist is a deviee that measures the amount or avail-
“ability of water held by the soil, irrespective of the
‘soil type. The usnal tensiometer consists of a porous
‘veramie cup through which water can move slowly,
& connecting tube, and a vacuum gage. The small
:}pn:rEﬁ of the cup, together with the surface tension of
water make possible the development of 29 inches of
‘vacuum within the cup. As used in soil science the
ceramie cup is filled with water, placed in the soil, and

connected to 4 vaenum gage by means of a copper or
glass tube. After a suitable perisd of time, a vacunm
reading on the zage is a measure of the soil-moisture
tension. The pore openings in the eup wall provide
passageways for the water in the eup and the water
films covering the soil particles. When the soil is un-
der less than equilibrium moisture conditions, tension
in these water films eanses water to be pulled from
the cup until equilibrium is reached and the tension,
or suction, within the tensiometer is measured. Per-
ecolating waters reaching the vieinity of the enp reduece
the tension within the water films on the soil particles,
thus water moves into the tensiometer eup reducing
the vacnnm,

Modified Tensiometer as a Sampling Device

Previous investigators for the Department of Water
Resources had used tensiometers to obtain samples of
percolating waters at shallow depths. The same gen-
eral method has been used by the 10, 5. Department
of Agriculture and is deseribed by V. A. Aronoviei.!V
Because of depth limitations inherent in a vacuum
system, the technigue was initially confined to ob-
taining samples of percolating waters to depths of
approximately 18 feet and to obtaining 24-hour com-
posite samples of surface flow. For depths greater than
18 feet, a tensiometer modification employing both
vaenum and pressure was developed and construeted.

Surface Sampling

To prevent clogeing of the ceramie eup by par-
ticulate matter and algal growth, the eup is packed in
damp sand and then completely covered with a tight-
fitting porous eloth bag. Thus, the enp is kept wet.
Using this method, a tensiometer may be installed in
a streambed that flows either intermittently or con-
tinually. Figure 5a shows a typieal surface sampling
tensiometer setup.

Advantages of this method are the low cost (a 24-
hour composite sample ean be obtained without any-
one being in attendanee) and the representativeness
of the sample, The slow, continnous colleeting of the
gample means it is truly representative of the water
passing that location,

Sampling the Unsaturatod Zone fo 158 Feel

The diagram in Figure 5b shows a modified ten-
siometer designed to sample shallow depths in the
zone of aeration. The first of these tensiometers was
installed by driving a perforated 34-inch galvanized
steel pipe to the desired depth, placing the tensiometer
inside the pipe opposite the perforations, and back-
filling with native soil. One installation of this type
in good, homogeneous sandy soil was made to a depth
of 18 feet. This method of installation did not prove
satisfactory at other test sites. The pipe was bent
when it was driven into cobble-boulder soils and the
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Tensliometer sampling eguipment at Site Te.

Interior of equipment at Site Te.

Figure

-
||
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perforations were plugged when the pipe was driven
into clays. Therefore, subsequent tensiometers were
installed by drilling open holes with a d4-ineh power
auger amd then backfilling with the excavated mate-
rial. lowever, when unconsolidated dry sand and
boulders were encountered, tensiometers could be in-
stalled to a maximum depth of only 10 feet. In sand,
caving was experienced, and in soils containing large
boulders the power anger failed. Attempts to use tem-
porary casing and drilling mud to keep apger holes
open in sand proved freoitless,

Sampling the Unsatwrvaled Zone ol Grealer Depthis

To sample percolating waters in the zone of aera-
tion at depths exceeding 18 feet, modifications had to
be made to overcome depth limitations of the wvac-
num system and to make satisfactory installations.

To overcome the depth limitations of the tensiom-
eter deseribed above, a pressure system was incorpo-
rated in it to lift samples from deeper zones. This
svstem 18 deseribed below,

Vacuum is applied to the sampling unit via a }-
inch diameter copper tube. Soil water passes through
the special porous ceramie unit and is stored in an
attached 100 ce capacity reservoir, as can be seen in
Figure 6. After the reservoir is filled teo ecapacity,
the tube is disconnected from the vacunm souree, and
pressure is applied by use of a tire pump. The pres-
sure elevates the soil water extract through another
Lineh tube that extends from the bottom of the res-
ervoir to the surface, Only minimum pressure above
the static head is needed to lift the sample. Applied
pressure ean be regunlated by installation of a pres.
sure gare., In every instance so far, samples have
been obtained satisfactorily to depths of 55 feet.

In sandy-gravelly soils that econtain numerous
boulders or in cases where thickness of the unsat-
urated zone reguires the placement of tensiometers
deeper than ean be done by driving or auger meth-
ods, a drilling type operation had to be adapted.

At the last tensiometer site chosen, the rotary
bucket auger drilling method was selected as the most
economically suitable for placing sampling units. A
28-inch hole was drilled to 55 feet without use of
mud or temporary easing. Modified tensiometers
were installed in this hole at depths of 55, 40, 25
and 10 feet,

Protective lightweight plastic pipe of sufficient size
to enclose the sampling unit was set to the bottom of
the hole. The tensiometer was lowered inside the |Ji|'n-
to the bottom. Then a small amount of elean, well-
sorted sand was added through the pipe to provide
a tight pack around the ceramic unit. Backfill was
shoveled into the hole while the plastic pipe was be-
ing removed. Care was taken to keep at least 1 foot
of the pipe buried in the fill while working it fo the
surfiace so as to protect the ceramic unit from eruah-
ing. Using the same method, other tensiometers were
installed at snecessively more shallow depths,

To provide a eonvenient and pilfer-proof enclosure
for vacuum bottles and conneetions, an 8-foot seetion
of steel casing with a 28-inch diameter was installed
as shown in Figure 7. The easing extended 3 feet

above the ground and was equipped with a locking
top,

Tensiometer Sites

The five sites ehosen for installing tensiometers are
shown on Plate 1. The instruments were installed on
the surface and at depths ranging from 3 to 55 feet—
all within the zone of aeration. The first four sites
were eonfined to 18 feet or less, but with the develop-
ment of the technigues deseribed above, the depth at
the last site was inereased.

At sites Ta, Th, and Te, the surface flow is contin-
nous, but at sites Te and Td, the flow is intermittent.

Methods for Studying Vertical Dispersion

To be able to study vertieal dispersion in the sat-
urated zone, four test wells were drilled and perfo-
rated to allow extractions of samples from specific ele-
vations, and two test holes were drilled downstream
of the San Jacinto fanlt and equipped with piezome-
ters (two in one hole, and three in the other). The
piezometers were installed also to determine the move-
ment of ABS from the shallow zone to the deeper
aguifers downstream from the San Jacinto fault and
through the deeper aquifers across the fanlt.

Lacation of Test Wells

The locations of the wells are shown on Plate 1,
and details are wiven below :

Well Ne. 1 (1S5/4W-28E1) is in the somtheast
part of the City of Colton, approximately 1,300
feet southwest of the interseetion of ‘M Street
and Mt. Vernon Avenue and 400 feet south of the
Riverside Canal,

Well No. 2 (15/4W-32E12) is in the southwest
part of Colton, 75 feet south of the railroad bridge
over the Santa Ana River on La Cadena Drive and
00 feet east on the sonth side of the levee,

Well No. 3 (18/5W-36A1) is approximately half-
way between Riverside Avenune and La Cadena
Dirive along the Santa Ana River, 1 mile north-
east on Aguna Mansa Road from its intersection with
Riverside Avenue and 1,700 feet southeast of Aguna
Mansa Road. This area is known as the Duek Farm,

Well No. 4 (25/5W-11KE2) iz in the northeast
portion of Riverside, 600 feet northwest of the
northwest end of Santa Ana Street extended.

The depth of each test well is shown in Table 3.

TABLE 3
Depth of Test Wells

Total depith, Depth (o bedrack,

Well site in fect in feet
Io {700 S L COM0-T0H0 *
N 2einn S S 450 *
No, d_. TS 1iHD TH
1 fL L P K 305

* Estinataed
Drilling of Test Wells

On October 12, 1962, drilling was started on the
first of the four test wells for the investigation. A
eable tool rizg was used to drill all wells, as may be
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Figure 8

Construction of test well Ho. 2.

Foam from test well No. 2 during
development.
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seen in Figure 8. In each hole, approximately 30
feet of 10-inch surface casing was installed prior to
placing }-inch single wall steel easing of S-inch di-
ameter. The casing thickness and structural strength
complied with American Water Works Association
Specifications for Deep Wells (A100). All casing
Jjoints were circumferentially welded before driving,
- After placement, the casing was perforated at selected
intervals using a Mills knife. The perforations were
2 inches in length and } ineh in width, with six per-
forations per row. The rows were generally spaced 4
feet or more apart, except in the interval between the
historical ‘‘high'" water levels and the water table
where the perforations were cut on 2-foot centers,

Well development was accomplished by the instal-
lation and use of a temporary turbine test pump. The
pump was operated at varying capacities with inter-
mittent bailing until the discharge water was clear
of silty and sandy material. Well No. 3 showed a very
poor yield during development, in that it eould not
be pumped at a rate of more than two gallons per
minute,

After development of the wells, the surface casing
was pulled and a cement seal was poured. Construe-
tion was completed by equipping each well with a
locking eap.

Drill hole logs were based on the classification and
description of bailer samples. Samples were collected
at each bailing and at other designated intervals. All
logging was done by a geologist at the well site. Soil
samples obtained from various depths were retained
for reference and possible future analyses,

Description of Packer Pump

To obtain selected depth samples from test wells,
the Department of Water Resources designed angd con-
structed a portable, self-contained pumping unit. The
pump econsisted of a one horsepower, submersible
pump that had inflatable rubber packers banded above
and below the pump intake at 18-inch eenters. The
packers were inflated by air pressure through an air-
line. A minimum pressure of 6 to 9 pounds per
square inch above the the static head of water was
required to inflate the packers. These packers sealed
the casing at the desired depth. The pump is shown
in Figures 9 and 10.

Wells were sampled with the packer pnmp at selected
perforation depths to determine the vertical profile
of ABS concentrations in the ground water. The
pumping was started as soon as the wells were com-
pleted so as to have as long a pumping record as
possible.

- Prior to the next pumping of the test wells, tests
were conducted to determine the optimum rate and
‘time of pumping required to assure that samples were

tolleeted from the ehosen depths and that no leakage
was oceurring between the easing wall and the in-
flated rubber packers.

The packers were testeid against leakage by pressure
tests and chloride conduetivity tests as deseribed be-
dow. These tests indieated that no leakage was tak-
ing place between the packers inside the casing. As a
result of these tests, pumping at a rate of 5 gallons

per minute for 20 minutes was found to be the best
rate to assure that samples were obtained from the
desired aquifer. It was also determined from chloride
conductivity tests that some leakage oceurred outside
the casing between the adjoining 4-foot perforations
during the pumping of the well. This resulted in an
actual 5- to 10-foot thickness of the aquifer being
sampled.

Heorizental and Yertical YVelocities

A point dilution technigue, using chloride as a
tracer, was condueted on well No. 1 to determine hor-
izontal flow-through wveloeity. This test is made by
introducing sodium chloride into a well. After mix-
img, the chloride concentrations in the well water are
measured at suitable time intervals. Because the nat-
ural horizontal flow of ground water through the well
will dilute the tracer, the reduction in chloride con-
eentrations is proportional to the average water veloe-
ity along the aquifer intercepted by the well. These
tests showed eonsiderable horizontal movement of
water through the well, with velocities that varied
with depth. These velocities ranged from 5.0 feet
per day to as little as 0.1 foot per day. The lowest
velocity ocenrred at the 180-foot depth where the well
log showed the presence of soils of lower permeability.
Well No. 2 also showed considerable horizontal flow-
through, as indieated by the rate of disappearance of
chloride under nonpumping eonditions.

To assure that the velocities measured by the chlor-
ide point dilution technigue were horizontal and not
vertical, vertieal flow measurements were eonducted
on the test wells. A meter for measuring vertical
veloeity in well casings was borrowed from the USGS
office in Long Beach. The meter consists of two
bronze eylinders 3 inches (0.D. by 26} inches long and
one small eylinder 2% inches O.I). and 5% inches
long,_an aluminum impeller and contact switeh in the
small eylinder, a 6-volt battery and headphones, and
400 feet of double electric wire. The small eylinder
with the impeller and contact switch is inserted be-
tween the two larger eylinders, leaving 2 feet of the
long eylinders on each end of the impeller, thereby
eliminating any interference from horizontal flow, If
vertical flow is oceurring through the cylinder, a click
is heard at the headset per each revolution of the
impeller. Vertical veloeity measurements were made
at 20-foot intervals from just below the standing
water level in the easing, and they were continned
to the bottom of the well. No measurable vertical
veloeities were obtained in any of the wells, as in-
dicated by lack of any revolutions of the impeller.

Lecation of Test Holes

Plate 1 shows the location of the two test holes con-
taining five piezometers which are designated as test
wells 5P and 6. They were adjacent to the San Ja-
ginto fault and downstream of it. They were designed
to ascertain ABRS coneentrations and movement at se-
lected depths down to 400 feet.

Piezometer 51 is at the apex of the area bounded
by the flood control barrier and the western off-ramp
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FIGURE 9

PACKERS 18" C.C.

le——— SUSPENSION CABLE

=—AIR LINE

=

DISCHARGE LINE

'_ﬁ:\ BAND
1
/’ ' RUBBER, INFLATED

RUBBER, DEFLATED

=—CASING

+=—PERFORATIONS

INTAKE

——

DEPTH SAMPLING PUMP




DISPERSION AND PERSISTENCE OF SYNTHETIC DETERGENTS

Portable, self-contained pumping unit.

Submersible pump with rubber packers
inflated inside a plastic casing.

Megure 10
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from the Barstow Freeway to the San Bernardino
Freeway. _
Piezometer 6I' is immediately west of piezometer
aP.
The perforated depths, elevations, and state well
numbers of each piezometer are shown in Table 4.

TABLE 4
Depth of Piezometers
Perforaied Elevation af
Piezometer deplh, Hinte weell top of pipe,
#ite i feet nmber in fueat
SP-A JTE-308 18/4W-21H3 iS5
It 2R-06 ~21H4 M5S0
[ & 172-182 =21R5 6.1
Gr-A 1361548 -Z1 G M55
Ik 10a0=120 21T 7.2

The twe 7§ ineh holes were drilled by the hydraulie
rotary method. A geologist was present during all
drilling operations to log the sequence and nature of
sediments encountered in the well bore. At the end
of each drill red penetration, the mud was eirenlated
until all formation enttings were brought to the sor-
face.

Immediately after reaching the maximum desired
depth, the hole 5P was electric logged. Final position-
ing of piezometers was determined from examination
of the lithology and electric logs.

Sehedule 40, galvanized-steel pipe of 1.315-meh di-
ameter was used for the piezometers. Each piezometer
contained 20 feet of perforated pipe placed opposite
the desired sampling depth. The perforated sections of
pipe had two f-inch diameter holes per round with
each round set 90 degrees from the previous round
and eight rounds per foot.

The bottom piezometer pipe was placed at the se-
leeted depth and clear water was eireulated through
the pipe. After the mud was thinned back enough to
prevent “‘bridging,”’ clean, rounded pea gravel was
added., The annulus between the pipe and well bore
was filled with gravel to at least 5 feet above the per-
forations, After placing the gravel, water eirculation
was continued opposite the entire perforated seetion
until the gravel was consolidated and cleaned, As the
gravel settled, more was added. After the gravel pack
had been installed, a cement grout plug was placed be-
tween the pipe and the well bore, extending at least
10 feet above the top of the gravel. This sequence of
placing piezometers, gravel-packing, and grouting was
continned until the required number of pipes was
placed in each drill hole. The final phase of construe-
tion was the pouring of a eement surface seal to a
point 35 feet below ground level and the forming of a
cement pedestal at each site,

The piezometers were developed by using the air-
lift method. Each was pumped until elear water, de-

void of sand and silt, was obtained. The airlift method
is also used for periodic sampling of the piezometers.

Methods for Selecting Monitoring Wells

To select the monitoring wells, a eanvass was made
of wells in the area of investiration, a base well map
was prepared and wells eoded aceording to the avail-
able information. Data from well logs and well drill-
ers’ reports were tabulated for the selection of sam-
pling wells most suitable for monitoring. Water
quality data were reviewed to determine which wells
had the longest records of chemiecal data.

Based on the above information and the original
field testing, 50 wells were chosen for quarterly sam-
pling of ABS and selected chemieal constituents. Care
was exercised to select some wells around the periph-
ery of the ABS problem area so that a constant check
could be maintained on its lateral migration. Vertical
control was maintained by the selection of wells per-
forated in the shallow zone (0-100 feet), intermediate,
zone (100-350 feet) and deep zone (greater than
350 feet). In this manner, all major subsurface flow
paths were monitored. In the course of the investiga-
tion, the number of monitoring wells was increased to
approximately 60. As was inevitable in a three-year
investigation, some wells had to be dropped from the
program. New wells were chosen to replace these and
also monitor the lateral movement of the ABS front
into new areas.

Quarterly samples were analyzed for ABS, phos-
phates, electrical conduetivity, pH, chlorides, sulfates,
and nitrates, The anions were chosen rather than the
cations because they were less likely to interaet with
the soil during subsurface flow. Earlier samples were
analyzed for nitrites but after these samples showed
that wnitrites were absent in most of the ground wa-
ters, the nitrite analyses were discontinued. Plate 13,
““Well Location Map, ' shows the location of the guar-
terly sampling wells, which are indicated by solid eir-
cles. The hollow circles indicate the general canvass
wells used to delineate the area of apparent ABS pres-
ence in ground water at the start and end of the study.
The results of the analyses of the guarterly sampling
are given in Table C-1 of Appendix C.

Methods for Surface Sampling

In addition to the tensiometer sites, test wells, test
holes, and monitoring wells deseribed above, sites were
also chosen for sampling surface flow in the Santa
Ana River. The four sites chosen are shown on Plate 1
as surface sampling Stations A, B, C, and D. Their
locations are also the same as those used for the gag-
ing of surface flow given in Chapter 11
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CHAPTER IV
ABS CONCENTRATIONS IN WASTE, SURFACE, AND GROUND WATERS

Using the technigues and methods of sampling de-
seribed in Chapter 111, determinations were made of
ABS concentrations in waste waters, surface waters,
and the saturated and unsaturated zomes. The con-
eentrations in waste waters were necessary to know
how much ABS was entering the area of investigation.
The concentrations in surface waters and the under-
lving percolating waters were determined to ascertain
the persistence of ABS during percolation. ABS con-
centrations in the saturated zone were determined to
delineate the areal extent of lateral movement of the
ABE front, and to determine the vertieal profile of
ABS concentrations.

ABS Concentrations in Waste Waters

The major waste dischareers contributing signifi-
cant amounts of ABS to the Santa Ana Hiver or to
the underlyving ground waters in the study aren are
the City of San Bernardino Treatment Plants No. 1
and No. 2, City of Colton Treatment Plant, and the
City of Rialto Treatment Plant. The location of these
discharges are shown on Plate 1 and the concentra-
tions of ABS, total dissolved solids and quantities of
How are given in Figure 11. These four plants were
fomnd to eontribute abont 35 percent of the ABS to
the study arvea.

Other waste dischargers adjacent to the study area,
contributing minor amounts of ABRS to the ground
waters, are the treatment plants of the Cities of Rubi-
doux and Loma Linda, and the Norton Air Foree
jase Treatment Plant,

Individual sewage disposal systems and some in-
dustries contribute additional small amounts of ABS
in lovalized areas in the Bunker Hill and Colton Ba-
sins, but these amounts are considered insignificant
to the overall contribution of ABS in the study area.
In addition, mueh of this area is sewered and there-
fore very little recireulation, or reuse, of water takes
place within the immediate vieinity.

The following brief deseriptions of the major treat-
ment plants have been absiracted from a report of
the Santa Ana Regional Water Pollution Control
Board.'*%" Table 5 gives the average, maximum and
minimum values of major constituents in the waste
waters of these plants.

1. City of San Bernardino Treatment Plant No. 1.
The plant was constructed in 1928, expanded in 1942,
and modified in 1962. The facilities consist of a stand-
ard rate trickling filter plant presently discharging
approximately 4.2 mgd of mixed domestic and indus-
trial wastes to Warm Creek, a tributary of the Santa
Ana River. The plant contributes approximately 220
pounds of ABS per day.

2, City of San Bernardino Treatment Plant No. 2.
The plant was construeted in 1959 and is operated as

[24)

g standard rate-activated sludge plant presently dis-
charging to the bed of the Santa Ana River, up-
stream of the San Jacinto fault. The plant contrib-
utes approximately 205 pounds of ABS per day.

4. City of Colton Treatment Plant. The plant was
construeted in 1950 and is operated as a standard
rate-activated sludge treatment plant discharging ap-
proximately 1.8 mgd containing 105 pounds of ABS.
The effluent is utilized directly for irrigation of ap-
proximately 180 acres of land adjacent to the river
in the Riverside Basin, for about 10 months of the
vear. When the effluent is not used for irrigation, it
is discharged to the Santa Ana River streambed.

4. City of Rialto Treatment Plant. The city oper-
ates an activated sludge treatment plant presently
discharging approximately 1.0 mgd, containing T0
pounds of ABS per day, to percolation ponds loeated
approximately one-half mile north of the river down-
stream of the City of Colton discharge,

ABS Concentrations in Santa Ana River

The surface flow in the Santa Ana River in the
vieinity of Colton Narrows consists mainly of efla-
ents from the two treatment plants of the City of
San Bernardino. Natural surface flow within the
study area oeenrs only during and after appreciable
storms on the watershed. From October-November
1962 to May—June 1964, when tensiometer samples
were obtained, the flow in the Santa Ana River at
Colton Narrows was mainly from the discharge of
treatment plant effluents.

To correlate ABS concentrations obtained by ten-
siometer probes at different depths with the ABS
coneentrations present in the surface flow, a special
sampling program was condueted to determine the
variability of daily and hourly ABS concentra-
tions in the surface flow.

TABLE 5
Chemical Constituents in Treotment Plant EMuents

eratamail Chemical constifpents in mg/1
plant Tl AR
and period dhianlved Drthe- 1000
of resord solids  Chloride Sulfale phosphate Nitrate 1963
San Bernardine
Plant No, 1
B/45-7 /08
Average ——.-.-. 0B74 g il 268 51 4.7
Muximum - Mo 1T 100 51 118 120
Minimom _____ 411 28 4 0z 1 1.5
Han Bernarding
Plant MNa, 2
11/59-7 /63
Avernge _.__... 524 i 10 as 1% N4
Maoximum _____ i) 98 434 04 Cfi B8
Minimum _____ 365 i BT k1] 1 8.6
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TABLE 5—Continued
Chemical Constituents in Treatment Plant EMuents
Chamlenl constituenis in mesl

Treal @menl
o dmﬂ Oatha- ‘::HH-E
':*fp:ﬂl'b;d solids Chletlde Sulfate phorphate Kitrate 1543
Colton Mlant
B/47=1,/03
Avernge 2 H4dir oot ] (1 0 Z1 6.5
Mazimum ....1012 175 86 48 98 105
Minimum ______ JUME ] n .4 [} 2.2
Rialte 'lant
2/48-7 /08
Average _______ 483 Gl 45 b 2] 30 b1
Maximum -____ 0 162 111 62 143 118
Minimum _.cee- 110 a8 21 T L] LR

Surface samples were taken at 8 am., noon, and
4 p.m. at Stations A, B, C and D, composited accord-
ing to flow, and analyzed for ABS. ABS concentra-
tions in the surface flow ranged from 4.0 to 5.4 mg/L
The daily and hourly variations of ABS at the sam-
pling stations are shown in Tables & and 7. The data
show that daily ABS coneentrations in the surface
flow of the Santa Ana River did not vary appreciably
from day to day and that ABS generally decreased
with distanece from the point of discharge. However,
the hourly ABS concentrations at Station A showed
as much as 40 percent variation.

TABLE &

Daily ABS Concentrations in Surfoce Waters
of the Santa Ana River

Oclober B-14, 1962
ABS eoncentrations in mg/ |
Htatian A
Are. Htation I Station ° Stefion [}

Yernon Ta Cadene Duck Rireraide
Dy Arenue Triee Farm | eeaiie
Mooday -~ . ... .____ 48 4.4 3R
weniing — o O a0 4.2 2R
Wedneadny e 4.8 438 4.1
Thursda¥y - ccccccoce-- 4.8 4.0 4.0
e e 4.3 4.0
Baturday oo 5.1 4.9 4.4
Homday o HE | 4.8
Weekly Average —...... 4.7 4.9 4.2

* Stntion D: Grab sample taken at 2 am.; no fow during day-
light hours.

Data in Tables 6 and 7 indicate the desirability of
obtaining surface samples over a 24-hour period.
Thus, hourly fluctuations in surface flow ABS eon-
centration ean be averaged out and a meaningful in-
terpretation on the degradability of ABS can be
made.

ABS Concentrations in the Unsaturated Zone

To determine ABS concentrations reaching the
ground water from the percolating waste effluent and
the persistence and decrease in ABS during percola-
tion, subsurface samplers were installed at several
sites along the Santa Ana River. The descriptions of
the sampling deviees are given in Chapter II1. This
section presents data, obtained with these deviees, on
the concentrations of ABS at various depths in the
unsaturated zone and on those reaching the greund
water table.

Samples of percolating water in the zone of aera-
tion were obtained at depths ranging from 3 to 35

TABLE 7

Hourly ABS Concentrations in Surface Waters
of the Santa Ana River

October 8, 1942

Htation A Station B Hration €

Mt Vernon Avenue Lo Cadena Drive Nuck Farm
Flow®* ABS ABR ABS
Time cfz Sl Time w1 Time g/l
T am,. 6.5 4.7 T 10 nm, 4.4 T2 pm. 38
& N} 6.5 4.5 510 4.5 ) 4.0
LR L] b 4.0 027 4.7 037 3.0
100 204 270 60 10:12 4.8 140 2500 3.0
171 AWy LD 4.5 11140 4.4 11 :20 3.0

12 M noon 340 4.4 12 <00 noon 5.1 12:25 p.m. 4.2

1:Mpom. 32.0 4.5 1:20 pom. 4.8 1 <30} 4.2
2 lM 320 = 2:10 i | 200 4.2
BRELL 270 3.5 3 :20 4.7 o 3D 3.6
4 Kl L 3.6 4 110 4.0 i 125 4.2
b 2700 4.7 520 52 020 3.5
G K M o2 610 4.9 0 5.4
T :(M} e 4.4 T:156 4.2 ] 440
24 a.m. BO 5.1 205 am. 4.7 - -
4:15 Tb 5.7 425 4.2 = -
Averige®®
{mg/1) 4.5 4.6 3.7

* Flowa from USGS gaging station at Mt Vernon Avenue Bridge
** Weighted average according wo flow.

feet at sites Ta, Th, Te, Td, and Te. The sites are
shown on Plate 1. The size of the samples obtained
at site Te was very limited because of the tight clayey
soil encountered. This clay plugged the perforations
in the outer casing while it was being driven into the
soil. Subsequently, tensiometers at other sites were
placed without the outer perforated casing.

At Stations Ta, Th, and Te, the riverflow is eon-
tinnous. At station Td the riverflow is intermittent,
generally occurring only during the night. To elim-
inate the effect of hourly fluetations in surface con-
centrations, 24-hour samples were obtained of beth
the surface and percolating waters. Tables 8, 9, 10,
and 11 summarize these data.

ABS Concentrations in the Saturated Zone

A comprehensive testing program utilizing an ABS
field testing kit was conducted at the start of the
study to delineate and define the study area. A final
comprehensive sampling run was made at the end of
the field investigation to determine the changes in the
affected area during the study period.

The wvertical distribution of ABS concentrations
was determined at six selected sites in the study
area. This was done by sampling four test wells, per-
forated at 4-foot intervals, with the specially designed
packer pump deseribed previonsly and by sampling
two test holes with piezometers by the airlift method.
The results of the areal and vertical sampling are
discussed in the following sections.

Approximately 125 wells were sampled at the start
of the investigation. In addition, 50 wells were chosen
as monitoring wells on the basis of areal distribution,
anticipated underground flow patterns, and problem
areas. The number of monitoring wells was increased
to approximately 60 during the course of the study.

The method of determining ABS concentrations in
the laboratory is deseribed in Appendix ID under
“MTaft Method'' Analytical Procedure. The field
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methods are basically the same as this laboratory
method, with the exeeption that colors were deter-
mined in the field by comparison with standards of
known concentrations of ABS. The final field deter-
minations for ABS were made with the Helige ABS
field kit, which utilizes a eolor dise to determine con-
centrations. The prineiple of the method is the same
as that of the field kit prepared by the laboratory,
exeept that greater precision counld be obtained with
the use of the color dise.

A value of 0.10 mg/1 was taken as the lowest limit
of meaningful ABS concentrations that could be de-
termined by the ABS field method. Cheeks were made
in the laboratory on the ABS field values as deter.
mined by the field kit. In about half the 50 samples
checked, the agreement between the field kit and the
laboratory analyses was within =+0.05 mg/1 of ABS,
In a large percentage of the samples where zero val-

TABLE &
ABS Concentrations at Station Ta
In mg/l
DNate i
Enpipled Surface 3-font K-font 13-fooi
1062 Eamples Depth Depth Depith
Oetober 3 oo .. 1.0
S (ctober 8% _____ . i
S0ctober & _______ 5.0 e sy s
October 10 . ____ 4.5 o mil =
October 11 ... 4.8 = :
October 12 ______ 4.3 o - ot
October 18 .o v | s ]
Deotober 14 . ____ H.2 =5 3.0
Wectober 17 ______ Tk =t e o7
- Detober 18 ______ g L 1.8 4
Dctober 19 ______ 2%, 22 12
October 31 ______ 4.0 = ==
November 1 _____ 4.5 g : i
- November T - .. 4.5 = i
- Xovember & _____ 5.0 Y e
- November % _____ %1 i ; £
November 13 ___ 45 1.6 2.0 5
AVerags . 4.7 1.9 1.0 25
Percent
decrease
in ABS ____. =] S0 51 ) Jit=

* October 8-14 are composite surface grab samples. Remainder
of gurface samplesa were obtained by means of tenslometers
suspended in the riverflow which gave a eontinuous 24-hour
aampling perlod.

TABLE 9
ABS Concentrations at Station Th
| I
DNate ool
Banmpled Burface 3-faoi G-foot H-foot
1353 Samples DNepith Tepth Depth
ny g Sl 7 PR e SV ¥ 45 38 17
+ 5, R it SR b 3.9 : -
T e 4.7 3.7 - =
e - E R 38 43 4.0 22
A s 4.0 4.8 4.2 22
Moy 10 ... e 29 26 26
Bay 2 _____ -l ol =
Average ______ 4.5 4.0 38 24
Percent
decrense
i ABS _____ = 11.1 0.0 47.0

Tensiometers destroyed and equipment stolen by vandals.

wes of apparent ABS were shown hy the field kit,
these values were eonfirmed by laboratory determina-
tions, The field kit method, when used on good qual-
ity ground waters, has proved very reliable on low
ABS concentrations when compared with the Taft
method in the laboratory. The advantages of deter-
mining ABS in the field are that costs are lower,
time is saved, and investigators can screen for the
absence or presence of ABS at the time of sampling.

The coneemtrations of apparent ABS found in the
monitoring wells are shown on Plates 14, 15, 16, and
17, ‘* Areal Extent of ABS Conecentration — Oetober
1962, May 1963, Angust 1963, and June—July 1964,
which depict areas of ABS concentrations from
ground water samples obtained without regard to
depth.

TABLE 10
ABS Concontrotions ot Station Td
In mg/l

Thite
Namp lead Sﬂl’fll!'l“ .Lfﬂr:lf R-fﬂﬂl .fJ-fCI'EI.I' fvg*fﬂﬂ!

1062 Eamples  Depth  Depth Depth  Depth
Oectober 8 .. . 1.9 i =
Oetober 4 oo - 210 1.6 11 =
Otober 8 L = el = 1.7
Oetober H® . 2B 1 e 1.0 i
Oetober 131 . o 3.0 1.9 12 ik
Oetober 14 . .. s 1.8 s -
Oetober 10%* = 1.4 20 it 08
Detober 31 ... 40 - L i —
November 2 . 4.3 - 210 3.2
November 6 __ 3.4 b ] s ik
November T _. 3.8 y 27 L A
November 85 . 3.3 ST e o A3
MNovember 0 . 4.2 s = - == o
November 20 . 4.1 - " : 1.5

Average - 3.8 2.5 20 1.4 14

Pereent

e rense
I ABE el a4 T4 370 3.2

®* Three-foot tensiometer destroyed by vandals after October 19,
= Oetobor § surface sample was a single grab sample.

TABLE 11
ABS Concentrations at Station Te
In mg/l

Nate
Bampled Burface [0-fout 25-foct  J0-fosi  55-fooi

1965 Semples  Depth  Depth Depth  Depth
May T oeae- L = 1.44% 282 1.40%
Mar 12 . 400 1660 1.4 S 065
May 15 ... H060 1.20 0.72 = 0,64
May 18 . ___ i 0.2 0.9 240 0G5
May 20 ... — 1.5 0,64 1.6 0,56
Moy 22 oae — 0,80 0,50 1.20 0.32
May 35 _L__. i .54 1.05 1.10 0,45
May 28 oo - 1.15 .50 20 0.76
Tung 3 oceee ERL =z, 1,50 1.25 0,70
Jane & _____ 460 0G5 {165 0.0 (.80
June 12 _____ 4.70 Tz (50 1.0 (ri4
June 17 . 440 .54 (.56 .80 0.72
June 24 ____. 440 60 48 0,80 0.6

Average ... 4.74 0097 (LRT 1.31 (.66

I"ercent

tli pai e
in ABS . __ T Si.G T240 i

* Values when firet installed—not to be used.
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Areal Extent of ABS Concenfrations in
Ground Waler [ 1962=1944)

The overall area affected by ABS has not changed
appreciably since the start of the study. However,
eonsiderable variation has been found in the concen-
trations of ABS in ground waters of specific areas.
Plates 18 and 19, “*Change in ABS Concentrations,”’
depict areas of inerease or deerease in ABS concen.-
trations October 1962 to May 1963 and October 1962
to June 1964, The areal extent of ground waters con-
taining different ranges of ABS coneentrations were
determined by planimetering from plates showing
arcal extent of ABS concentrations. Table 12 shows
the ranges of ABS concentrations in mg/] and the
arcal extent in Acres.

TABLE 12

Areal Extent and Range of ABS Concentrations
Area in ocres—ABS in mg/l

Range ARS coneentralions

Wenth {fraee ) fiventer Tatal
e pled 0.0 te 010 000 ta 0.50 thas 0.50 AEFEage
COetober 1942 e & [1] 0,200 1,01 15,300
May 1063 K000 3,020 1,590 14,260
August 1963 T G 2000 1.0KH} 13,100
June 1964 _______B100 3400 1,015 12,606

The fall and late summer sampling programs
showed the areas that had concentrations of ABS in
the 0,10 to (.50 range were greater than those in the
spring and early summer programs. Also, accord-
ing to the findings the size of areas with ground wa-
ter containing ABS greater than 0.05 mg/l and the
total affected acreage have deereased since the start
of the study. The table also shows a seasonal varia-
tion in arveas having ABS concentrations in the range
of 0.00 fo 050 mg/l. Plates 14-17, which depiet the
arveal concentrations of ABS, again point out this ey-
elie shiftine of ABS, with the greater than 0.5 mg/1
area showing similar configurations in May 1963 and
June ‘1964 and in Oetober 1962 and Augnst 1963,

From October 1962 to May 1963, the general
trend was a slicht decrease of ABS concentrations
in the Bunker Iill Basin northeast of the San Ja-
einto fault and an inerease in the Colton Basin be-
tween the San Jacinto fanlt and the Rialto-Colton
Barrier along the floodplain of the Santa Ana River.
The area containing ABS greater than 0.5 mg/] in
the Colton Basin inereased sinee the start of the
study from 0.05 square mile to 049 square mile in
July 1964. This eonld he attributed either to heavier
pumping m the area or to the effects of the added
discharge by the City of San Bernardino Treatment
Plant No. 2 to the Santa Ana River. starting in 1959,

The final sampling in June 1964 indicates that
sinee the start of the study, the area showing ABS
ranging from 0.10 to (.50 and greater than 0.50 mg/1

increased considerably in the Colton Basin, perhaps
reflecting the influence of plant No. 2 discharge. The
ADBS front also showed slightly ineressed concentra-
tions in Riverside Basin southwest of La Loma Hills
at the Riverside and San Bernardino county lines
and in the Riverside Basin southwest of La Loma
Hills. The trend of a slight decrease in ABS con-
centrations in Bunker Hill Basin, in the vieinity of
Loma Linda and in the East Hiverside Mesa, south-
east of La Loma Hills, continued during the period
of study.

In spite of inereased discharge flows, the area af-
fected remained essentially the same, and the heavi-
est pollution of ground waters followed the floodplain
along the Santa Ana River beginning at the San
Jacinto fanlt and extending downstream to Riverside
Avenue, a distance of approximately 6 miles. With
the present discharges and heavy pumping extrae-
tions in the area, it is doubtful that the pollution
area will expand to any considerable amount in the
foreseeable future.

Vertical Profile of ABS Concentrations

To determine the vertical profile of ABS concentra-
tions in the cround water, the four 8-ineh test wells
and two test holes for piezometers, described previ-
cusly, were drilled.

Figure 12 shows the variation of ABS coneentra-
tions with depth in ground water from test wells No.
1 and No. 2. Graphs were not prepared for test wells
No. 3 and 4 beeause no variation of ABS with depth
was exhibited in these wells and ABS coneentrations
were too low (0.10 to 0.20 mg/1) to indieate any sig-
nificant tremnds.

In well No. 1 ABS concentrations in the winter
and spring showed considerable variation among
depths and registercd the hizhest values of the vear.
In the summer, they showed the least varintion among
depths and recorded the lowest valnes. ABS concen-
trations with depth in well No. 2 showed a reversed
pattern, with the high concentrations ocenrring in
the summer and lower values in the winter. These
trends may be attributed in part to two factors: ABS
adsorption on soil varies with coneentration and ve-
loeity of flow and pumping well fields in the vieinity
ereate pumping depressions and ground water divides
that alter the inflow velocities and amounts of dilu-
tion water available,

Plate 20 shows the average ABS concentration of
three samplings of the piezometers installed by the
department. No significant trend of ABS variation
with depth was shown, and the low concentrations
indicate that little or no pereolation of ABS-laden
waters from the shallow to the deeper zones takes
place near the San Jacinto fault,
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CHAPTER V
TRANSPORT AND DEGRADATION OF ABS IN SURFACE AND GROUND WATERS

A question of paramount interest to water regula-
tory agencies has been the degradability or persist-
enee of residual ABS from waste waters in surface,
percolating, and ground waters. Many laboratory stud-
ies utilizing soil eolumns have shown that under
proper conditions ABS in sewage effluents is de-
craded by passage through biologically active soil
columns. Klein, Jenking,tand MeGauhey in their lab-
opratory investigation found that degradation oe-
eurred only in biologieally aetive aerated soils and
that a maximum degradation of 35 percent occurred
during intermittent percolation of the efflaent, 1%

The investigation reported here sought to deter-
mine this question of persistence of ABS under actual
field conditions. For clarity the diseussion is divided
into persistence of ABS in surface water, in the zone
of aeration, and in the zone of saturation.

Laboratory Investigations

Investigations utilizing lysimeters by the Robert A.
Taft Sanitary Engineering Center on the degradation
of ABS in septie tank effluent showed that ABS can
be degraded from 35 mg/1 to less than 0.5 mg/1 =%
Radicactive ABS ' was used in the effluent as a
tracer to prove that biclogical degradation and not
adsorption was the actual canse of ABS removal. The
experiment also demonstrated that some ADBS was ad-
sorbed on the soil until the adsorptive capacity of the
soil was reached.

The wariability of laboratory results onm the de-
gradability of ABS as it passes through unsatarated
soils can be attributed to the use by the investigators
of different soil columns, ABS concentrations, types
of biological media, loadings, and rates of percolation.

To determine the rate at which ABS is degraded in
sewage effluent during storage, a limited experiment
wias performed at the department’s laboratory at San
Bernardino. Two samples of sewage effluent from the
Santa Ana River, containing 5.6 mg/1 of ABS, were
allowed to age in gallon bottles. One sample was aged
without aeration, the other sample had a stream of
air introduced throngh a glass wool diffuser during
its shelf life of seven months, Fractions of both sam-
ples were analyzed periodically for ABS. ABS analy-
ses were made on fractions of samples that were
treated by NaOH to a pH of 9.0 and boiled for 10
minutes to assure that desorption of ABS from the
particulate matter in the sewage was accomplished,
Table 13 gives the results on the desorbed samples,
As could be expected, the ABS was degraded at a
much faster rate when the sample was aerated. Al-
though the degradation of the ABS in the sample
without aeration was much slower, results of this one
experiment showed that 48 percent ABS degradation
oecurred in seven months under anaerobie conditions
and 87.5 percent under aerobie conditions. An exten-
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sive growth of green algae developed in the aerated
sample and the filtered water had a elear, sparkling
appearance,

Laboratory results are useful in predieting what
may be expected under field eonditions, but do not
necessarily guantitatively prediet what occurs in na-
ture under actual field conditions. For example, the
laboratory cannot take into account all the variables
that will be encountered in the field.

TABLE 13
ABS Degrodation in Sewage Efluent in Storage
Percent Peteent
Aerated ARH  Unsersled ABE
Date Trays  sample  dégra-  sample
analyzed dorage ABS mg/l  datlen  ABS mg/1  dation
162
Nov.1d ______ a0 1) 5.6 - 1 -
oI == : 2 1.4 214 ik 1.8
MNov, 24 - EOAST | | HE < At 17.8
P
Jan. 4 | 20 4.5 &2 +3.0
Feh, 1 Sy | 1.8 T7.0 28 LD
Apnility S oo o 114 1.1 b L] 24 a0
May 13 152 LG S0 3.1 a0
Junedd ____________ 180 07 BT.5 &5 AH.0

Persistence of ABS in the Santa Ana River

According to the literature, degradation of ABS
oecurs in surface streams, although at a greatly re-
duced rate over those found in treatment plants. Die-
away studies of ABS earried out by Proctor and
(Gamble Manufacturing Co., on various rivers indi-
cated considerable decrease in ABS concentrations in
surface waters during a 30-day period. Sawyer and
others at the Massachusetts Institute of Technology
have reported similar results on investizgations of bio-
degradability in ofther river waters. 29

The investigation reported here, which was con-
ducted mainly to show the variability of ABS con-
eentrations during surface flow in the Santa Ana
River, has shown that apparent degradation occurs
during flow downstream. This decrease is not sur-
prising. After all, the riverflow consists mainly of
sewage effluent containing organisms capable of de-
grading ABS and dissolved oxygen to supply energy
for their metabolism. Undoubtedly, a minor part of
the decrease in ABS concentrations with downstream
flow can be attributed to adsorption of ABS on the
suspended material and subsequent settling of the par-
ticles during flow. Tables 6 and 7 in Chapter IV
show that ABS deereases ranged from 0.5 to 0.9 mg/|
during flow from Station B at La Cadena Drive to
Station C at the Duck Farm, a distance of approx-
imately 6,000 foet.

Persistence of ABS in the Zone of Aeration

_Investigations by the W. M. Keck Laboratory of En-
vironmental Health Engineering at the California In-
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stitute of Technology (Cal Tech) have shown signifi-
cant removals of ABS during percolation throngh the
gone of aeration.'® These experiments were carried
out under controlled eonditions of intermittent spread-
ing of sewage effluent in small spreading basins. Each
basin was loaded on Monday, Wednesday, and Fri-
day to a depth of about 0.6 foot. This allowed drying
of the beds for about a day and a half between
gpreadings. After enongh time was allowed for the
s0il to attain ABS adsorption equilibrium and at-
tain a biota suitable for ABS assimilation, a 75 per-

- eent reduction in ABS was observed in samples of

pereolating waters at the 6-foot depth,

Simultaneously with the Cal Tech studies, this
department was investigating the degradation of
ABS in the zone of aeration under actual field con-
ditions in the Santa Ana River floodplain. In the
eonrse of the invesfigation, samples of percolating
waters were obtained with tensiometers at five dif-
ferent locations and to depths as great as 55 feet,

Analyses of Field Determinations

Tables 8-11 in Chapter IV show that the average
ABS decrease at the 8-foot depth with percolation
through the unsaturated zome amounted to approxi-

mately 58 percent of the surface coneentrations. A p-

parently, a small additional decrease of ABS oceurs

. between the 8-foot and the 18-foot depth as shown by

values in Table 10. Although individual results are

. variable and concentrations of ABS reaching the B-

foot depth (depth of most data) range from 1.6 to
3.2 mg/1, most of the values show a decrease in ABS
concentrations with depth of pereolation.

Oune test resalt was obtained at Station Te located

- opposite test well No. 3. This is an area of intermit-

tent flow in the Santa Ana River streambed ; the flow
ocenrs approximately 16 hours a day. The soil near
the surface in this area is a silt-elay type and is
fairly impervious.

The following results were obtained on 24-honr
samples on May 2, 1963 :

Surfaece sample : 3.0 mg/1 ABS
3-foot depth: 1.0 mg/1 ABS
5-foot depth: 0.4 mg/1 ABS
Unfortunately, no further samples could be ob-

tained because of the plugging of the casing perfora-
tions by the clay soil. These data indicate that the

 decrease in ABS eoncentrations with depths at this

site is much greater than at Stations Ta, Th, and Td.

- The opinion is that this greater amount of degrada-
- tion oecurred in this area because of the silt-clay type

of soil and intermittent flows.

The 1964 data obtained at Station Te show that at
this loeation the average ABS concentration reaching
the ground water (depth 60 feet) was 0.66 mg/l.
These data support earlier findings that most of the
ABS decrease takes place in the first 8 feet of soil.
The greater concentrations of ABS obtained at the
40-foot depth are diffieult to explain. Because the soil
in the vieinity of the tdnsiometer site iz of a hetero-

- geneons nature, a coarse-gravel lense could be permit-

ting short-civeniting of waters from the surface,

which contain higher eoncentrations of ABS. These re-
sults again point up the anomolies that will be en-
cotmtered under natural conditions as opposed to
uniform results usually obtained in laboratory inves-
tigations, Figure 13 shows graphically the rate of
ABS decrease during percolation with depth at Sta-
tions Th, Td, and Te.

Adsorption or Degradation

A question arises at this point: What proportion
of ABS removal at the 8-foot depth can be laid to
adsorption and what proportion to biochemical degra-
dation? To answer this question, a value of ABS ad-
sorbed on soil was selected from two independent
outside investigations, Studies conducted at the Tni-
versity of California at Berkeley by Klein, Jenkins,
and MeGauhey on ABS adsorption by soils indieated
adsorption values ranging from 5 to 10 mg of ABS
per kilogram of s0il."" According to MeGanhey, ABS
adsorption on the soil is proportional to its concentra-
tion in the pereolating fluid and follows the formula
M=1000K(=*, where M is the amount of ABS adsorbed
in mg/kg, C is the concentration of ABS in mg/1 of
solution, K is a proportionality eonstant of 5.188
104 1/mg, and n is approximately 1. Using a value
of ABS concentrations of 5.0 mg/1 {(concentrations of
ABS in the Santa Ana River), this formmla mives
the adsorption of ABS in the soil as 3.0 mg/kg.

Field determinations on the adsorption capaecity
of soils, similar to those in the study area, were ear-
ried out by Cal Tech at Whittier Narrows in Los
Angeles Countv ' In that investization, soil eore
samples were taken at the Whittier Narrows Spread-
ing Basin and analyzed for ABS adsorbed on the soil.
The results indieated that the range of ABS desorbed
from the soil was 16.2 to 1.0 mg kg, the largest amonnt
of ABS adsorbed was in the top lavers, and the
amount of ABS adsorbed deereased with depth. The
average ABS adsorption was 6.0 mg/kg, when
weighted aceording to depth. The limited analyses on
soil samples in the study area of this investigation in-
dieated an adsorption value of 5.0 mg ‘ke.

However, studies have shown that the upper layer
of soil, which contains bacterial organisms and bio-
logieal growths, ean have adsorption values of ABS
many times those of clean soil. Because of the longer
spreading  period, the soil immediately under the
Santa Ana River channel probably contains more bin-
lowical growth and organiec matter than that at the
Whittier Narrows Spreading Basin. For this reason.
an adsorption value of 10 mg/ ke was chosen as a con-
servative parameter to be used in the ealeulation for
this study,

After selecting an average adsorption value of soil
for ABS of 10 mg kg, it was necessary to assume a
epecific weizht for soil and then calenlate a material
balance for ABS to aseertain the extent of adsorption
and degradation. Accardingly, a specific weight of 115
pounds per enbic foot for wet =oil was assumed,
sing these values, it is calenlated that one acre-foot
of so01l will adsorb 50 pounds of ABS.
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A volume of land selected underneath the Santa
Ana River for the ABS balance, extending from Mt.
Vernon Avenue to La Cadena Drive, had a depth of
10 feet, a width of 40 feet, and a length of 9,500 feet.
This volume of land contains 3,800,000 cubic feet, or
87.2 acre-feet. Using a previously caleulated value of
50 pounds of ABS adsorbed per acre-foot of seil, it is
ealeulated that this volume of soil ean adsorb 4,360
pounds of ABS.

The total amount of ABS discharged from both San
Bernardino plants was 155,000 pounds during the
1962-1963 fiseal year. Of this amount, 24 percent,
or a total of 37,200 pounds, percolated in the reach of
the Santa Ana River between Mt. Vernon Avenue and
La Cadena Drive, as determined by a stream gaging
program discussed earlier.

ARS concentrations in the surface waters are about
5.0 mg/1 and those reaching the 10-foot depth aver-
age approximately 1.5 mg/l. Therefore, 12400
pounds of ABS, out of the original 37,200, pass the
10-foot zone. As has been shown, this streteh of the
riverbed to a depth of 10 feet can at most adsorb
only 4,360 pounds of ABS. This leaves an unex-
plained balance of 20440 pounds, which can only bhe
accounted as degradation of ABS.

Table 14 summarizes the ABS balance under con-
ditions of full ABS adsorption and no ABS adsorp-
tion by the soil. Assuming that the seil was not satu-

TABLE 14
ABS Material Balance in Santa Ana River Beiween
Mt. Vernon Avenuve and La Cadena Drive
Heil condition
Full ARS adsorption No ARS adsorpiion

ARS Peraent ARE Percent

- ABS balance in pounds of in pounds of
: endry PEF pear folal PEF penr fafal
- ARS contribution

10621963 ___ 37,200 W10 37,200 104}
ABS adsorbed in
- 10 fect of soll .. 4,300 1.5 (.00 0.0
"AHBB available .. 32840 B84 37,200 1M
ABE leaving 10-
. foot zone -.... 12,400 333 12,400 a3

:;ABE degraded __ 20,440 65.0 24,800 G46.7

rated with ABS and the full eredit of the adsorptive
capacity of the soil of 4,360 pounds was used, 55 per-
cent of the ABS was degraded. On the other hand, a
more reasonable assumption is that during the 15
vears of effluent percolation containing 120,000
pounds of ABS, the soil has reached full saturation.

Under these conditions the degridation is shown as
66.7 pereent. This ealeulated value agrees closely with
experimental results obtained in field investigations
for this study, which show an average ABS decrease
of 75 percent at the 10-foot depth. The above mate-
rial balance and the results of tensiometer tests show
conclusively that degradation and not adsorption is
the explanation of the decrease in ABS during per-
colation in the zone of aeration.

Persistence in the Saturated Zone

Degradation of ABS proceeds most readily in the
presence of the proper biological organisms and a
supply of oxygen. Ground waters contain little or no
dissolved oxveen or bacterial organisms condueive to
ABS degradation. Furthermore, by the time the per-
eolative waters reach a ground water table, most of
the easily biodegradable ABS molecules are degraded.
In comparison to ABS degradation in surface waters
and in the zone of aeration, the breakdown in ground
waters must be very slow, if at all. A literature search
on the biodegradability of ABS in ground waters dis-
eloged one study on behavior of ABS in water-satu-
rated s0ils,'"" This study on soil eolumns indicated
that under saturated flow conditions, ABS was not
materially degraded after 90 days of flow.

In the field investigations reported here, it was im-
possible to elearly determine if further degradation
of ABS peeurred in ground waters. Laboratory stud-
ies by other investigators had shown that under con-
ditions of saturated flow and absence of biological life,
very little if any biodegradations of ABS ocenrred.
The faet that concentrations of 1.5 to 2.5 mg/1 ABS
were obtained in wells at considerable distances and
depths from the sources indieates that little ABS
biodegradation oceurs after the percolating waters
reach the saturated zone.



CHAPTER Vi
MIXING AND DISPERSION IN A GROUND WATER BASIN

Mixing and dispersion of ABS-laden water within
a ground water basin depend on a large number of
different and variable eonditions. The rate of its dis-
persion from the surface to the zone of aeration is
determined by surface conditions such as lithology
of materials, statie head, plant cover, temperature,
biological environment, and additional minor infln-
ences. While moving through the zone of aeration,
the water iz foreed to take devious paths to reach the
water table becanse of lithologic differences and per-
meabilities. Movement of water in this zome is pri-
marily vertically downward, althongh capillary rise
near the water table may supply ABS to the zone of
aeration from the underlying saturated materials.
[Tpon reaching the water table, the water follows
typical laminar flow patterns in moving through the
aguifers. Cones of depression that develop around
pumping wells inerease the veloeity of flow, thus
cansing local turbulent-conditions that aid in the mix-
ing and dispersion of ground waters.

In the area of investigation, the aquifer materials
through which the ABS-laden water flows consist of
laver upon layer of pravels, sand, silts, and clays in
varving proportion, order, and thicknesses, At the
time each stratum was being deposited, the stream
channels were subjected to much braiding and mean-
dering, and thus developed many alternate channels,
This complex of possible flow paths makes detailed
determination of ground water flow directions nearly
impossible.

The use of radioactive tracers to determine ground
witer velocities and directions was considered, but
their many disadvantages precluded their use. Ob-
jeetions were raised as to the health hazards, costs
of snch a study, and administrative difficulties that
must be met in arranging for their nse. Also, the
time required for ground water to travel the distances
encountered in the study are too long for tracers to
provide the answers in a three-vear study. Similarly,
the use of other possible tracers such as sugars, salts,
and dyes were considered and rejected, Tritiated
water was also deemed undesirable as a tracer for
this study.

After rejecting the insertion of possible tracers,
consideration was given to the study of mineral con-
centrations as a means of tracing the relative direc-
tion and magnitude of subsurface flows. Therefore,
a survey was made of the guality of ground water
that existed prior to the release of large discharges
of effluent to determine the lateral and vertical pat-
terns of the mineral concentration values.

Conventional Concepts of Ground Water
Flows and ABS Travel

According to laboratory siudies at the Sanitary

(34)

Engineering Research Laboratory of the University
of California at Berkeley ©'*', dispersion in porous
media ocenrs in both longitudinal and lateral direc-
tions, Also, the effect of molecular diffusion in the
range of ground water flows encountered during the
study reported here is insignificant. On the other
hand, the average velocity of flow preatly affects the
geometrie pattern of the transitional front and the
amount of dispersion. The University of California
studies were performed with sodiom ehloride solu-
tions in which the chloride ion was used as the tracer
and, therefore, did not exhibit the same adsorption
and desorption phenomena for the soil as do the svn-
thetie detergents. Another complicating factor in the
determination of mixing and dispersion under field
conditions as compared to the laboratory studies is
the heterogeneous nature of the porous media in the
stuedy area,

Apparently, dispersion and mixing of synthetic
detergents in solution follow the elassic pattern of
laminar flow in porous media, with the exception
that adsorption and desorption of synthetie deter-
gents from soil particles is influenced by the type of
soil, rate of flow, and concentration of detergent im
solution. ' Probably the main factors causing dis-
persion and mixing in localized areas are the com-
plex and varying lithology and the pumping pat-
terns. When a solution under laminar flow travels
from a coarse gravel of sand to a fine silty material,
dispersion and extension of the lateral flow take place
rapidly. It is not surprising that under such econ-
sitions ABS concentrations vary greatly, and mixing
and dispersion of the ABS front eannot be precisely
defined,

Mixing within the ground water basins depends
upon: (1) the geologic conditions and features (ie.,
the thickness, areal extension and degree of homoge-
neity of the sediments, subsurface barriers, and pres-
ence or absence of aquicludes) ; (2) the median depth
to which wells are drilled: and (3) the concentra-
tiom of wells and amount of pumping.

Water Quality as a Tracer for
Mixing and Dispersion

Studies of water quality changes and ABS varia-
tions were earried on during this investigation. ABS
variations and concentrations were used to define the
problem area and the particular water-bearing
horizons affected, and to delineate the advances and
retreats of the pollution front. Water quality was
studied to establish the historical water quality
“‘base”’ upon which to compare guality changes with
time, depth, and areal extent of ground water. Plate
21, “Ground Water Quality Changes of Repre-
sentative Wells in Study Area,’’ shows that total dis-
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solved solids and bicarbonates have varied with time,
while very little change of the other constituents
was noted in these wells. Thus, water quality may be
‘used as an aid in determining tlm degree of mixing and
‘dispersion taking place and in establishing flow paths
of ground water or dilution water from lateral
-%auur::m. This may be facilitated by the unse of modi-
:I'it'd. Stiff diagrams, whieh graphieally depiet the chem-
1 characteristies of water, 3"

Quality of Surface Water

‘7 Rainwater, the prime souree of surface water in
‘the area of investigation, was analyzed for total dis-
_Enﬂlwd solids (TDS) to establish a reference upon
“which to illustrate mineral pickup. Total dissolved
‘solids of the rain samples ranged from 0 to 15 ppm.
“Tllls surface water, or near-surface water, generally
Jthmrl inereased in total dissolved solids to more than
;]EH] ppm by the time it was discharged as surface
‘water from the mountain front. As it traveled across
‘the alluvial fan deposits, the sorface water infil-
s;;‘;t.“i and became a part of the ground water of the

1.

However, during times of normal and subnormal

:!'Hmfﬂll such as occurred during the study period,
-.!thl‘ largest portion of the flow in Warm Creek and
ithr Hanta Ana River in the area of investiration
}hmumstf-d of sewage efflnent, ABS and TDS values
:ﬁ}r waste waters of treatment plants affecting this area
“are shown in Figure 11.
- Reclaimed waste waters of the treatment plants of
‘the Cities of San Bernardino, Loma Linda, Colton,
‘and Rialto contain sodium as the predominant eation,
‘and bicarbonate as the predominant anion. Analyses
niﬂf surface waters taken at four stations along the
‘Banta Ana River also indicate a sodium bicarbonate
‘character to the water not unlike that of the waste
Waters. Figure 14 shows the geochemical classifieation
of sewage effluent waters and analyses of surface
‘waters in the Santa Ana River and of ground water
In the four test wells and in the two monitoring wells
in East Riverside Mesa. Water from test wells No, 1
1d No. 2, which were sitnated closer to the waste
ischarge plants than any of the others, showed a
riking resemblance in quality to the sewage effluent.
‘Water from test wells No. 3 and No. 4 and the mesa
wells, which were further away, did not.

Quality of Ground Water

To determine the water guality variations in the
ground water basins and to determine vertical mix-
g, if any, a search of water guality records was
nade. Not enbugh analyses were available for any one
ear to give a complete sampling of the historical
cater quality. Therefore, the mineral constituents of
‘the available analyses, which extended over a 21-year
‘period, were grouped into three T-year average values
nd were classified into three depth zones: shallow
one, surface to 100 feet; intermediate zone, 100 to
50 feet; and deep zone, below 3350 feet. Table 15
gives the seven-year averages for total dissolved solids
at different depth zones.

TABLE 15
Seven-year Values * of Total Dissolved Solids
In mg/1
19411847 1i8-1054 19551961
Pepll Numiler of Number af Number of
Ares e Values  amalyess  Values  omalyses  Valoed  snalyses
Bunker Hill Shallow _______  __ = ah% 1d 4= L]
Basin Intermediate .. 305 B 20 2 12 3]
upatream Pheop oo ... 171 i a1 i 258 25
ol Ban
Jacinta
faile
Flosipliin  Shallow _____ " N = —
pertion  Intemmedinte . 133 1 A 1 322 4
of Colton Deep oo ocmmeas . iz o iy s .-
Iasiin
Eaig Slhpllow - N84 1 - -
Riverside Intermedinte ___  __ L A8 12 L %
Mrsa 17, e BT : — & =%
area
Callan Shatlew _______ 2T 1 305 : ! T34 T
Nitrows Intermediate | a14 1 and 11 = 17T
arr ot e — T = e iy o 53
Rhovir Shallew _ . . hay 1 i 11 702 Bt |
Mountain Intermsdiate . _. s 4 1 o B
L] [ RPN BT IR = - L K, X S
Ureslmose
Meurt Hhu i - 820 1 Tan 3 BEY a2
Bubldows Inlermediate __ = = . = = i
i Deep o
Elverslde
Narrous

* Average walues, exeept when only one analysis available,

Shallow wells generally produced water of the
poorest quality, while intermediate wells and deep
wells, in that order, produesd inereasingly better
guality water. These averages inelude the effects of
loeal disturbanees such as proximity to sources of pol-
lution, i.e., sewage disposal plants, industrial plants,
dump sites, faults, agrienltural plots that are fertil-
ized, and areas of heavy extractions of ground water,

Effects of Waste Discharges on Water Quality

Generally the chloride-sulfate ratios in the ground
water were found to parallel the ABS values, although
in a few areas of high chloride-sulfate ratios, no ABS
was evident. This is presumed to be caused by the ap-
plication of sulfate fertilizers and irrigation return
waters that have been recyeled.

As was pointed out earlier, the reclaimed waste
water from treatment plants in the Cities of San
Bernardine, Loma Linda, Colton, and Rialto are
predominately sodium bicarbonate. Therefore, those
wells that display a sedium bicarbonate type water
are assumed to be influenced by sewazre effluent.

Phosphate values in some intermediate and shallow
wells in the vieinity of the Santa Ana River flood-
plain that are affected by waste waters are as high as
B4 mg/l, as compared to values of less than 0.05
mg /1 in wells in the rest of the study area. The same
correlation was found for pH values. Sewage effluent
pH averaged approximately 6.5. The pH of wells in
the area determined to be influenced by the pereolat-
ing effluent, as shown by ABS and Cl1/S0; ratios,
generally had pH values of the same order. Wells
in the rest of the study area had pH values of 7.6-8.0.
Witrate concentrations in ground water exhibited the
same areal distribution as ABS, pll, and C1/820,
ratios,

Industrial waste waters have been monitored once
or twice yearly in the Colton Narrows area and ap-
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parently the quality of these waters has generally
Aimproved. ;
Irrigation return waters have eaused inereases in
eertain mineral constituents of the ground water,
such as sulfates, phosphates, and nitrates. This is
especially true in areas where these waters pass over
recently fertilized lands,

Most of the study area is sewered and therefore
little recyeling of the raw waste waters oceurs. Home
eesspool units are not a problem in this area as the
population density is low and the water table is deep
enough (ie., 45 to 100 feet in the Colton Narrows)
to allow some purifieation and degradation to take
place in the percolating wastes before they reach the
saturated zone, Upstream of the large treatment
plants, only a few isolated and unexplained occur-
rences of ABS have been found. Possibly these islands
of ABS are the result of percolation from individual
dispozal units and commercial wastes,

The ABS coneentrations that formed the basis for
the problem dealt with in this study were located
downstream of the large treatment plants. Therefore,
details are given on the way in which these ABS-laden
‘waters reached the aquifers, as is shown in Plate 20.
. Upstream of the San Jacinto fault and underlying
‘the Santa Ana River floodplain is a fine blue to black
gilt of low permeability, which thickens upstream. In
ithe vicinity of the fault, it is approximately 35 feet
deep. The active stream channel eontaining fine to
eoarse sand has cut partially through the silts and
provided the most probable conduit for infiltration,
although some percolation also oceurs through the
remaining fines. Many abandoned channels, caused
by lateral movement of the Santa Ana River back and
forth across the floodplain, are also backfilled with
fine to coarse sand deposits. Beneath the fine mate-
rial lies an aquifer that consists primarily of sands,
gravels, and eobbles. This aquifer is about 75 to 100
feet thick and is continuous beneath the floodplain
in an upstream and downstream direction but thins
or is absent laterally away from the Santa Ana River.
Although this aguifer is highly permeable, water
levels have been drawn down near its base. Next in
wertical suceession is a silty elay aquiclude containing
Stringers of sand and gravel. This is the main re-
Stricting member to percolating ABS.laden waters,
. Two conditions indicate an upward rather than a
downward flow of the ground water in this part of
the area. Fluoride coneentrations in ground water
are high in the vicinity of the San Jacinto and Loma
inda faults, Ground water temperatures are also
high between the San Jacinto and Loma Linda faults
and temperatures inerease with depth. Because
pund water flow is from areas of high tempera-
lures to areas of low temperatures, this indicates the
existence of an upward flow. These waters rise toward
the surface in the erushed zone to mix with and dilute
shallow waters, Also, piezometric levels of upstream
wells indieate a pressure head of approximately 60
feet. Thus, geologic eonditions, temperature gradi-
ents, and piezometric levels all tend to prevent down-
ward percolation. Therefore, ABS percolation is lim-
ited to the uppermost strata.
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The investigation indicated that lateral flow on
the surface and in the shallow agquifer move water
containing ABS laterally across the San Jacinto fault.
Downstream from the fault, percolation is known to
oceur to a depth of 400 feet. The piezometers in-
dieate AR in all zones down to nearly that depih.
Because wells immediately npstream of the fault
indicate a very slight amount of ABS, the ABS down-
stream apparently eomes from percolation and not
from passing across the fault at depth.

Effects of Well Depths on ABS Concentrations

Downstream of the Rialto-Colton Barrier, a deep well,
15,/4W-28N5, showed low ABS concentrations because
fine sediments and eemented zones prevent much per-
colation or replenishment of ABS from the shallow
zone. Farther downstream at test well No. 2 heavy
concentrations again appear to a depth of 200 feet.
The values at well No. 2 again demonstrate the lack
of overlying impermeable zones and the resulting ap-
preciable percolation from the shallow zone.

The study reported in Bulletin 78, which was con-
ducied by the Department of Water Resources in this
area, showed that the most active zone of mixing for
a ground water basin is slightly deeper than the me-
dian depth of the wells.'™

The area of Bunker Hill Basin just upstream [rom
the San Jacinto fault has mostly deep wells and virtu-
allv no shallow wells. This absence of shallow wells
i5 because of the low water table and, therefore, the
best water-produecing zones oceur at 220 and 250 feel,

Downstream of the San Jacinte faunlt, wells are
primarily of intermediate depth (100 to 350 feet).

Mixing and Dispersion of Ground Water
in Specific Areas

Dispersion of ABS throughout the area downstream
of the sewage treatment plants depends on geologic
and hydrologie conditions, and dilution. Because
wells upstream of the City of San Bernardino Treat-
ment Plants No. 1 and No. 2 show little or no ABS,
the assumption is that the upstream discharges of
ABRS laden waste waters bave no effect on the area
of study. From the points of discharge above the San
Jacinto fault to points downstream of the fault, many
complex conditions are involved in the dispersion of
ADBS-carrying waters. For one thing, each area has a
hydrologic connective influence over every other area
and cannot be separated, except for the purpose of
simplified explanation of mixing.

Vicinity of San Jacinto Fault

Earlier in this chapter, information was given on
the upper deposits that form the floodplain in the
vicinity of the San Jacinto fault and underlie it to
depths up to 120 feet. Therefore, it will not be re-
peated here.

Directly beneath the Santa Ana River, two deeper
aquifers appear on both sides of the San Jacinto fault.
The uppermost is approximately 200 feet thick while
the lower iz about 50 to 60 feet thick. Lithology of
penetrated materials for wells 15/4W-22E1 and
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15,/4W-210Q1 show that the physical condition for pos-
sible hydraulic continunity exists in these deeper agui-
fers across the faunlt as the quality of water in these
two wells are similar. However, ABS concentrations
in the npstream wells are negligible while those in the
downstream wells are heavy., A zone of fine, clay-
like material (at the surface) overlies the area of
the upstream well, preventing downward pereolation
of sewage effluent.

Modified Stiff diagrams using various proportions
of well water and effuent waters indicate a possible
dilution ratio of three parts of ground water to one
part of sewage. When three parts of water from well
15/4W-221.5 were blended with one part eomposite
efifuent from San Bernardino Plants No. 1 and No.
2, a water with a quality similar to that in well
15/4W-281.2 was produced. Mixing one part com-
posite effluent from the two plants and one part water
from well 2215 produced a quality of water similar
to that From well 185/4W-2011, downstream of the
Rialto-Colton Barrier. See Figure 15 for method of
using Stff dingrams to determine mixing ratios. Ap-
parently, the dilution ratio on the downstream side
of the San Jacinto fanlt is higher than that on the
downstream side of the Rialto-Colton Barrier.

Beneath Eost Riverside Mesa

A reologic appraisal of the East Riverside Mesa
indieates a buried channel of coarse sands, gravels,
and houlders passing beneath the mesa in an align-
ment roughly parallel to the eastern edge of the La
Liowna Hills and the Riverside Freeway.

Geologie Seetion M-M in Plate 6 shows that,
physically, the agquifers beneath the East Riverside
Mesa are in hydeanlie continnity with Santa Ana
River floodplain deposits both upstream and down-
stream of the La Loma Hills. Water guality simi-
larities of mesa wells with those in the floodplain
bear ont this hydreanlic continnity. This easy path of
flow for ground water is regulated by pumping eon-
ditions of the well field at the northern edge of the
meza.  During  the summer, water is drawn in a
northerly direction from beneath the northern por-
tion of the mesa,

ABS concentrations of ground water beneath the
mesa were inereasing at the beginming of the study
but appeared to reach a point of equilibrium. The
quantity of ABS discharged is apparently balanced
by the quantity of ABS degraded and adsorbed by
the sediments throngh which the water passes, and
by extractions. As the distance traveled by the water
increases, the volume of sediments through which it
travels also increases. Thus, this distance is important
in establishing the equilibrium. Also, at times of
heavy pumping, the removal of ABS-laden water and
its replacement with ABS-free water is stepped up.
[nfiltration of ABS-free irrigation return water ap-
plied on the upper slopes of the mesa is another
thing that aids in the dilution of ground water in
this area. Very little infiltration into surface materials
of the mesa’s lower slopes oceurs because here the
aquifers are overlain by 60 to 75 feet of highly
weathered elays, silts, and silty sands.

At Colten Narrows

At the Colton Narrows, that area of the Santa Ang
River floodplain and Fontana Plain that lies between
Slover Mountain and La Loma Hills, the subsurface
geology indicates a lack of good quality materials te
transmit ground water downstream. The area where
the most suitable aguifers exist is north of the present
river floodplain approximately beneath the property
of the Colton Cement Company, sonth and southwest
of Slover Mountain,

The eoncentration of ABS at Colton Narrows is
higher than that anywhere else in the area of investi.
gation. The distribution of this high ABS concentra.
tion depends npon the degree and times of heavy
pumping in the well field in Seetion 32, T1S, R4W.
Although heavy extractions change the direetion of
flow and may even draw dilution water from the sur-
rounding sections, little actnal vertical mixing takes
place in the Colton Narrows. This is because most of
the flows are contained within the agquifer material
and flow is laminar. Deep waters in this area are
ABS-free, also indicating little mixing of the waters
above 200 feet with those below this depth. This is
evideneed by ABS concentrations in wells 1S /4W-
32E2 and 1S/4W-32E7. Well 15/4W-32E7, which is
perforated between 202 and 368 feet, shows very little
ABS, while adjacent well 18/4W-32E2, perforated
from 30 to 191 feet, shows ABS as high as 2.0 mg/L
This is also borne out by phosphate analyses, which
show 10 to 13 mg/] for the shallow well and 0.00° for
the deeper well,

Downstream of the Coltom Narrows the sedimen-
tary seetion is more uniform, with less effective aqui-
tards. Therefore, the ABS concentrations are nearly
the same from the surface to bedrock at a depth of
nearly 400 feet. Because ground water eontours for
this area indieate a western direction of ground water
movement, paralleling the Santa Ana River, it is be-
lieved that little ABS is bronght in from the Chino
Basin north of the Santa Ana River or from the East
Riverside Mesa, Even though a physical connection
exists between the aquifers of the mesa and the Santa
Ana River downstream of the La Loma Hills, water
level contours indicate that water is being conducted
southwesterly throngh the Riverside area and south-
easterly of Mount Rubidoux. ABS values in test well
No. 4, (28/5W-11K2) show little variation through-
out the depth of the well indicating that mixing
among the shallow, intermediate, and deep zones does
exist here,

Mount Rubidoux o Riverside Narrows

In the area from Mount Rubidoux to Riverside
Narrows, geologie data is lacking below 110 feet, al-
though projected bedrock contours through this area
show a depth of 290 feet. Ground water contours
indicate that ground water is brought inte this area
from both northwest and southeast of Mount Rubi-
doux, This is further borne out by the high ground
water levels in the area. Plate 8, showing modified
Stiff diagrams of water quality for this area, depicts
the similarity of these waters with those entering
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the area both from upstream along the floodplain and
from the Riverside Plain. Because of the high bed-
rock, ground water rises and becomes surface water
which passes through the Riverside Narrows,

Relationship of Ground Water Elevations,
ABS Concentrations, and Tetal Pumpage

To ascertain if the variability of ABS concentra-
tions in ground waters could be explained by a rela-
tionship between water levels and pumpage, graphs
were prepared comparing each of these three vari-
ables with time. Figures 16 and 17 show these rela-
tionships. Two sections,—28 and 32, T18, R4W—in
which monthly water levels and pumpage values
were obtainable, were used to test this relationship.
It was found that water level elevations in Sections
28 and 32 had a rapid response to pumpage. Water
level variations in Section 28, where a larger degree
of fines are present, were as much as 30 feet. In Sec-
tion 32 where coarser sediments prevail, variations
in water levels of only 20 feet were noted.

ABS concentrations generally follow the pumping
pattern, but with a lag of 6 to 12 months. This relation-

ship is further complicated by the facts that ARS
adsorption on soil is inversely proportional to the
velocity of ground water movement and directly pro-
portional to the ABS concentrations in the water.

Immediately after beginning of pumping, the ve-
locity of ground water movement increases, and some
ABS previously adsorbed on the soil is desorbed.
Eventually, this results in increased concentrations of
ABS pumped from wells so influenced by pumping
cones of depression. At a later time, the new adsorp-
tion equilibrium of soil for ABS is reached, and
waters containing lower ABS concentrations are
pumped from these wells,

Cones of depression caused by pumping of wells
within either of the sections tested influence an area
of many square miles. ABS concentrations of waters
entering this eone vary according to the direction
from which the waters originate, i.e., waters entering
from the area of the Santa Ana River contain higher
values of ABS than do waters entering from the side
opposite the river. As can be seen, because of adsorp-
tion phenomena and pumping patterns, ABS conecen-
irations do not show a high degree of correlation
between pumping patterns and water levels,
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CHAPTER VI
FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS

The findings, eonclusions, and recommendations
presented in this chapter are derived from the in-
vestigation deseribed in this report.

Findings

This investigation revealed the following facts re-
garding the area of investigation and the problem of
ABS in ground waters:

L

LS

The overall portion of the area of investigation
affected by ABS—approximately 14,000 acres
—did not change appreciably during the field
sampling of monitoring wells from July 1962
to July 1964. However, considerable variation
was found in the concentrations of ABS in
ground waters of specific areas.

The area of ground waters containing the heavi-
est concentrations of ABS (preater than 0.5
mg/l, which are concentrations that mayv cause
foaming in wells) follows the Santa Ana River
floodplain from the San Jacinto fault to River.
side Avenue, a distance of approximately 6
miles. During the study period the total size of
this area varied from 1,000 to 1,600 acres, de-
pending on the pumping extractions in adjacent
well fields,

In that portion of the floodplain just down.
stream of the San Jacinto fault, the areas of
ground waters showing ABS coneentrations of
0.10-0.50 mg/1 and greater than 0.50 mg/l in-
ereased considerably from Oetober 1962 to June
1964.

Four sewage treatment plants were found to be
contributing approximately 95 pereent of the
ABS reaching the Santa Ana River or under-
lying ground waters in the study area. These
plants are San Bernardino plants Nos. 1 and 2,
City of Colton plant, and City of Rialto plant.
The present combined contribution from these
four plants is 600 pounds of ABS per day. The
remaining 5 percent of ABS comes from the
treatment plants of the City of Rubidoux, the
City of Loma Linda, the Norton Air Foree Base.
and individual sewage disposal svstems and in-
dustries.

Immediately upstream of the two San Bernar-
dino treatment plants no significant concentra-
tions of ABS were found in the ground waters
of Bunker Hill Basin.

. Except during storm runoffs {which were infre-

quent and small during the study), the surface
flow of the Santa Ana River below the two San
Bernardino treatment plants consists almost en-
tirely of waste waters. The mean daily coneen-

=]
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11.

12.

13.

trations of ABS in these waste waters range
from 4.0 to 5.4 mg/1.

Of the total volume of waste water released as
surface flow by the two San Bernardino treat-
ment plants, 20 percent percolates by the time
the flow reaches Mt. Vernon Avenue (approxi-
mately 7,200 feet), 46 percent of the total per-
colates before it reaches La Cadena Drive (16.-
700 feet), 66 percent by the time it reaches the
“Duck Farm' (22,700 feet), and 95 percent by
the time it reaches Riverside Avenue (31,400
feet). These waters infiltrate into the zone of
aeration and percolate downward to the pround
water table.

Sampling of percolating waters in the unsatu-
rated zone under the river channel demonstrated
that ABS concentrations at the B8-foot depth
ranged from 0.80 to 2.60 mg/1.

An ABS material balance showed that approx-
imately 66.7 percent ABS was degraded as the
water percolated through the first 10 feet of soil.
The fastest rate of degradation took place in the
first 5 feet of soil. A limited number of subsur-
face samples indicated thai 80 percemt of the
total ABS present in percolating waters was
degraded by the time the waters reach the
ground water table,

The vertieal profiles of ABS concentrations in
ground water from the test wells located on
either side of the Rialto-Colton Barrier showed
that concentrations yaried with time and depth.
The greatest variations were foumd in the fall
and winter. The test wells downstream of the
Uity of Colton treatment plant and downstream
of the City of Rialto treatment plant did not
show any significant variation.

Water quality factors were used as tracers to
study ground water movement in the area of in-
vestigation. For this study, correlation with ABS
concentrations were obtained with chloride—
sulfate ratios, nitrates, phosphates, and pIl.

Bedrock beneath the floodplain from the Rialto-
Colton Barrier to Riverside Narrows is undulat-
ing and ranges in depth from 85 to 400 feet. In
the Colton and Riverside Narrows and near
Rubidoux (places where bedrock approaches
the surface) the thickness of the overlving sedi-
ments is reduced. At these same points, the
width of the floodplain is also constricted.

The aquifer materials in the area of investigation
comsist of a number of layers of zravels, silts.
sands, and elays in varions proportions, order
and thickness. In general, the alluvinm deposits
may be separated into three divisions, with the
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lowest of them containing the principal water-
bearing zones.

Although three faults exist in the area of investi-
gation, only two play a significant role in the
distribution of ABS in ground waters. These
two are the San Jacinto fault and the Rialto-
Colton Barrier. Upstream of the San Jacinto
fault, sampling of wells perforated in the inter.
mediate and deep zones revealed only a trace of
ABS. Measureable amounts were found in the
surface and near surface waters. Downstream
of the fault, samples obtained by means of pie-
zometers showed significant coneentrations to a
depth of 400 feet, Immediately downstream of
the Rialto-Colton Barrier, percolation was lim-
ited by fine sediments and eemented zones.

In the East Riverside Mesa, somntheast of La
Loma Hills, a fine silt-clayey mantle exists at
200 feet below ground surface and acts as a
barrier to downward percolation of ADBS-laden
waters, Wells perforated above 200 feet show
significant concentrations of ABS, while those
perforated only at depths greater than 200 feet
show merely traces.

Conclusions

(n the basis of the findings reported above, the fol-
lowing eonclusions are drawn :

The present guantity of waste water discharges
and pumping extractions from the ground
waters along the Santa Ana River floodplain will
probably prevent further increase of the total
area affected by ABS. However, variations may
be expected in the econcentrations within specifie
portions of the area.

Between October 1962 and June 1964, the eon-
siderable inerease in size of area containing con-
centrations of ABS greater than 0.5 mg/l, lo-
eated just downstream of the San Jacinto fault,
is aceounted for, in part, by the increase in
pumping upstream of the fault and by the addi-
tion of effluent from San Bernardino Treatment
Plant No. 2. (The plant started operations in
1959,

Extraction of ground waters for irrigation from
well fields adjacent to the San Jacinto fault and
Rialto-Colton Barrier reduees the flow of dilut-
ing waters to Colton Narrows. This, along with
the narrow and shallow constrietion of the Colton
Narrows, results in the highest ABS concentra-
tions found in the study area.

Pumping depressgions in various seetions of the
study area, eansed by extractions of ground
water, are responsible for loeal changes in
ground water elevations. These lead to changes
in veloeity of ground water flows and local re-
versals in direction of flow. Consequently, ABS
concentrations vary with the changes in pump-
ing depressions.

The vertical distribution of ABS in test wells on
either side of the Rialto-Colton Barrier is influ-

enced by the pumping extractions in adjacent
well fields.

Individual sewage disposal systems and indus-
tries in the area of investigation are contributing
only insignificant amounts of ABS as compared
to the waste discharges of the four major treat-
ment plants,

No significant amount of ABS is being contrib-
uted to the ground waters of the area of in-
vestigation from Bunker Hill Basin, upstream
of the Loma Linda fault,

The constant lateral migration of the Santa Ana
River during the development of its floodplain,
and the backfilling of these channels with sedi-
ments of higher permeability than the food-
plain itself, has produeed a complex of subsur-
face flow paths. This multiplicity of possible flow
paths makes detailed determination and monitor-
ing of ground water flows extremely difficult.

9, Diseontinuous confining clay members oceur in

the area of the investigation which prevent the
mixing of waste waters containing ABS between
aquifers. Suech clay members are found in the
vieinity of the San Jacinto fault, beneath Colton
Narrows, and beneath the East Riverside Mesa.

Recommendations

Based on the findings and conclusions of the in-

vestigation as reported here, the following recommen-
dations are made:

1.

It is recommended that the California State
Water Quality Control Board continue to en-
conrage the soap and detergent industry to meet
its timetable for the proposed switchover from
manufacturing ABS-type detergent to new types
which are degradable by conventional methods
of sewage treatment to a degree that will pre-
vent pollution of receiving ground waters.

. It is recommended that the sampling of moni-

toring wells, test wells, piezometers, and percolat-
ing waters be continued, on a limited basis in the
19641965 and 1965-1966 fiscal vears, to deter-
mine the hydrologie and synthetie detergent con-
centration changes that may occur in the affected
area. At the end of each fiscal year, a summary
report should be prepared.

. It is recommended that, with the anticipated re-

placement of ABS-type detergents with the LAS-
type by mid-1965, a detailed study of the af-
fected area be initiated in the 1966-1967 fiseal
year. It would be designed to show the recovery
of the basins from the high ABS concentrations
and the impact of the new type detergents on
the ground waters of the study area. Such a
study would also add to the general information
on the hydrology of the area,

A continuation of the study in this area will
enable the full utilization of the geologic, hy-
drologic and water quality data secured thus
far. Test equipment is already in place, and suit-
able methods and procedures have been devel-
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oped for this work. Such a ready-made opportu-
nity to obtain the desired information on such a

large seale may never present itself again.

The study should include the determination
of the biodegradability of the LAS-type de-
tergent under actual field conditions. This de-
termination should be made by sampling per-
colating waters in the zone of aeration through
use of existing test facilities.

The study should also include determination
of the proportions of ABS or LAS found in
ground and surface waters.

e, At the conclusion of the study, results should
be summarized and evaluated in a report. It
should not only present new data, but it
should also be directly related to the current
report through its identification of findings
that agree or disagree with all prior deter-
minations.

4. It is recommended that the Advisory Committee
on Dispersion and Persistence of Synthetic De-
tergents in Ground Waters be retained, and
that the adviee and counsel of its members be
used in planning and condueting the above in-
vestigations,
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APPENDIX B

WELL NUMBERING SYSTEM

Locations and well numbers used in this report are referenced by use of the
United States Public Land Survey System, and to the San Bernardino Base and
Meridian. The well numbers consist of township, range, section number, a let-
ter which indieates the 40-acre lot in which the well is located, and a final num-
ber which indicated the identity of the partienlar well within the lot. The sub-
division of a section is shown below :

D C B A
E F G H
23
M L K J
M P Q R

For example, 38/14W-23A2, SB.B. & M, is the second well to be identified in
Lot A of Section 23 of Township 3 South, Range 14 West, San Bernardino Base
and Meridian.

(70
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TABLE C-1—Confinued

Analyses of Selected Constituents in Ground Water From Monitering Wells
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TABLE C-1—Continued
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APPENDIX D

"TAFT METHOD"” ANALYTICAL PROCEDURE
ALKYL BENZENE SULFOMNATE DETERMINATION

REAGENTS

Methylene blue solution-dissolve (.35 gms methylene
blue (total amount in small vial) in one liter of .01
N sulfurie acid.

Chloroform, C. P,

Sulfurie Acid, 5N
STOCK STANDARD ABS, 1.00 mg /ml
WORKING STANDARD ABS 0.011 mg,/ml

GLASSWARE:

Separatory funnels, 250 or 125 ml

Volumetric flasks, 50 ml

Filtering funnels

Pipettes, assorted sizes

Preparation of Standard Benzene Sulfonate Solu-
tions

Stock Standard: Weigh out 1.460 grams of the
Primary Standard ABS powder, transfer quantita-
tively to a 1.0 liter volumetric flask and add 500 ml
of distilled water. Swirl gently until all of the powder
is dissolved, let stand for one half hour or until most
of foam breaks and then make up to mark with dis-
tillp'.::‘] water. This solution contains 1.00 mg/ml of
ABS.

Working Standard: Pipette 10.0 ml of the stock
standard into a 1.0 liter Volumetric flask and make
up to mark. This solution contains 0.010 mgs/ml of
ABS. Prepare fresh daily.

PROCEDURE

1. Add 1, 1.0, 2.0, 5.0, 10.0, and 25.0 ml of WORK.-

ING STANDARD ABS to separatory fun-

nels and make up to 100 ml with distilled water.

These standards contain 1, .01, .02, 05, .10,

.20, and .25 mg of ABS.

Add 100 ml of each sample to a separatory fun-

nel,

Add 1.0 ml of 5 N sulfuric aeid and 5.0 ml of

methylene blue solution te each separatory fun-

nel and mix.

_ Add 10 ml of ehloroform to each funnel, invert
and shake once a second for 25 seconds. Allow
the chloroform layer to separate.

_ Draw off the chloroform layer and filter through
a plug of absorbent eotton into a 50 ml volumetrie

{88 )

flask. Repeat the extraction twice more, using 10
ml portions of chloroform, collecting the extracts
in the same flask.

Rinse the cotton plugs with chloroform into the
50 ml volumetric flask, make up to mark with
chloroform, mix well and let stand for 5-10 min-
utes,

. Read the optical density of the Reagent Blank
and Standards against chloroform as a reference
blank at 650 mu in a suitable photometer or
spectrophotometer and prepare a standard
curve.

. Read the optical density of each sample in a
similar manner and caleulate mg/l of ABS in
each portion. Report all results to the seeond
deeimal place.

EVALUATION OF TAFT PROCEDURE

The procedure chosen for the determination of the
anionie surfactant alkyl-benzene sulfonate is a mod-
ification of the methylens blue method (tentative)
given in Standard Methods for the Examination of
Water and Waste Water, Eleventh Edition, 1960, as
modified by the Taft Sanitary Engineering Center of
the United States Public Health Service.

Briefly, the basis of this method depends on the for-
mation of a blue-eolored salt when the methylene blue
dye reacts with the anionic surfactants, which in-
cludes the alkvl-benzene sulfonates and the alkyl sul-
fates. The blue eolored salt is soluble in the chloro-
form layer and the intensity of color is proportional
to the coneentration of ABS. The blue eolor intensity
is measured by a spectrophotometer at a wave length
of 650 mu.

The Taft method was chosen for this study because
of its simplicity with the resultant saving in time
and eost of analyses. It has been found by compara-
tive analyses performed for the United States Public
Health Service Analytical Reference Section by a
large number of cooperating laboratories that the Taft
method agrees substantially with the (tentative)
methylene blue method given in Standard Methods.

Comparative study of the two methods performed
in our San Bernardino laboratory based on 36 sam-
ples eontaining ABS in concentration range of 0,03-
40 mg/l showed that the deviation by the Taft
method averaged only 4-4.7 per cent from the Stand-
ard Method. Following is Table showing range of
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coneentrations and per cent deviation from Standard
Method.

TABLE
Avirage Value Eange Contentralion: mg/1 g Tr"“ﬂ:lm
Mo,  Htandsred Tait Atandard Talt Hiandard
sSamplis  Methed Method Methind Method Metbod
12 (hAn=G 1088 O3—0L16G (.0E3-0.16 + 2.3
24 276 2.0 0. —4.1 0.12-4.7 +5.1

This method was developed by the Analytical Ref-
erence Service, Taft Sanitary Engineering Center
United States Public Health Service, Cincinnati,
Ohio.

Eight samples out of the twenty-four compared
were higher by the Standard Method showing a vari-
ability both on the low and high side, but generally
speaking the Taft values tended to be from 2 to 5
per cent higher than the values obtained by Standard
Methods. Sinee our basie interest in this study was to
obtain comparative ABS data over a long period of
time as economically and as reliably as possible a fur-
ther study on the reproducibility of results by our
chemist at the San Bernardinoe Laboratory of ABS
determination by the Taft method was conducted.

Following is a tabulation of the analyses on sam-
ples prepared by addition of different amounts of
ABS to a detergent free water. Samples were ana-
Ivzed on different dayvs:

Reproducibility of ABS Analyses by Taft Method

Added ABS mg/|
0005 012 0.75
Analyris KHesults
Chemint A
1 {11571 0.14 (.50
2 LIS 011 (75
3 002 0.0 05
4 LIRS .11 0.7
5 ik 015 0.74
("hemizt 1
1 L .12 076
= LEILH {12 (.78
3 EICES 11 .78
4 LIRS 0.11 11,50
i3 A .12 .78
Average mg/1 G {.119 (.74
Hrundard Deviation =] =115 =
mg/

Standard Methods quotes that forty-six analysts
using the methylene blue method were able to repro-
duce their own results within =0.01 mg/1 on a sam-
ple containing 040 mg/l in distilled water and to
=0.03 mg/] on a sample eontaining 0.25 mg/1 in tap
water. These values bear out the findings tabulated
above that ABS analyses on ground water samples are
reproducible to +=0.02 mg/1 when the samples are ana-
lyzed by the same chemists using the Taft Method.
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GEOLOGY

Detailed geologic information was not readily
available for the area of investization and it became
evident from the ineeption of this study that this
deficiency had to be met in order to complete the
geologic mapping.

Although geology is not a primary objeetive of this
investigation, it is required in order to understand
the physieal limitations of the aguifers and basing and
to permit easy interpretation of the flow character-
istics of the ground waters contained therein. This
chapter has been kept as brief as possible without de-
tracting from pertinent geologic faets. It has been di-
vided to give information on geologic history, physiog-
raphy, stratigraphy, and structure,

Geologic History

The geologic history of the area of investigation

is closely dependent upon: (1) the emplacement of
the bedrock masses of igneous and metamorphic
charaecter ; (2) structural movements of these masses
or the earth blocks in which they oeeur; (3) erosion
of these masses with subsequent deposition of sedi-
ments in alluvial plains, fans, and floodplains; (4)
worldwide sea level changes with their effects upon
the stream regimen, thus, downeutting through the
floodplain, removing some material and leaving the
remainder as terraces along the streams; (5) weather-
ing processes that produce residual soils or regoliths
or transported soils; (6) aeolian processes that de-
posit sand in the form of dunes; and (7) changes
in stream courses that lead to braiding and interlac-
ing of the channels, backfilling with sediments, and
eventual abandonment of the channels.

As presented here, the geologic history begins with
pre-Tertiary, discusses Tertiary, and econcludes with
Quaternary events.

Pre-Tertiary History

The reach of the Santa Ana River from Loma Linda
to the Riverside Narrows lies in the most northwestern
extreme of the rock mass known as the Southern Cali-
fornia batholith. This continuous mass of rocks ex-
tends from the Jurupa Mountains to the tip of Baja
California in Mexico. It is approximately 1,000 miles
long and covers approximately 50,000 square miles.
Each of the many rock types of which it is composed
was injected separately, but uniformly, along its
length.

Prebatholithic rocks were folded and metamor-
phosed, possibly by compressive forces from off the
coast of California or from the south. A magmatic
body, which was uniform in composition throughout
its length, was created and raised, by virtue of this
struetural activity, to a position near or at the sur-
face. Many separate injections, cansed by the same
diastrophie forees that led to the original folding,
were made from this magmatiec reservoir to or near
the ground surface along zones of structural weakness.

{83}

Subsequently, erosional processes exposed these in-
jections for a time only to be eovered later by depo-
sitional processes. In some of these injections, the
parent rock, or wall rock, was shattered and carried
along with the molten material as inelusions. Contact
metamorphism oceurred between the molten material
and parent rock in which recrystallization and deposi-
tion of minerals occurred. Each injection changed the
remaining magma by removing the least volatile mat-
ter first, leaving behind the more volatile for later
injections to follow. This magmatic differentiation (or
eryvstal fractionation) led to the following order of
rock types: gabbros, tonalites, granodiorites, and
finally, granites, Few gradational contacts oceurred
between the various rock types. This indicates that
cooling and ervstallization of each type oecurred be-
fore each succeeding injection was placed. The age of
this batholith has been placed as early Upper Cre-
taceons,

Following emplacement of these bedrock masses,
peneplanation leveled the area. This is evidenced by
the level skvline of the San Bernardine Mountains.
In contrast, the San Gabriel Mountains have sharp
angular cerests and an irregular profile, This pene-
planation set the stage for the Tertiary history.

Tertiary Histary

Much of the geological record, from the time of em-
placement of the Southern California batholith until
the Tertiary period began, either is buried beneath
a heavy sedimentary cover or is missing. The tilted
sandstones and shales in Mill Creek Canyon and the
Cajon sandstone in Cajon Pass, and the Potato sand-
stone (Vaughn), which is east of the area of investi-
gation, are believed to be of Miocene age.

Tertiary sediments were deposited in the areas of
the San Timoteo Badlands and Mill Creek before
the San Jacinto block had dropped to its present level.
These partly eonsolidated lacustrine elays and silts,
which erop out in the badlands, probably accumulated
in fresh water lakes. The area around these fresh
water lakes was rejuvenated, and folding occurred in
late Plioeene time. Coarse fluviatile sediments were
deposited unconformably over the early Pliocene fine
sediments. Uplift of the San Bernardino and San
Gabriel Mountains possibly began in late Pliocene
time. Most streams flowed to the northeast, with some
depositional material derived from the Santa Ana

Mountains to the somth and southwest during late
Pliocene time.

Quaternary History
Quaternary history, because it is of younger origin,
is given in detail under Pleistoeene and Reeent.

Pleistocens

Early Pleistocene history shows eontinued sedimen-
tation by materials from the south. Beeause the only
probable early Pleistocens sediments occur as part of
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the San Timoteo beds in the badlands, little can be
inferred from these sediments as to the early Pleisto-
vene history.

Mid-Pleistocene was a time of major diastrophism
in whieh there was further uplift of the San Ber-
nardino Mountains and San Gabriel Mountains, major
movements along the faults, and folding and faulting
of the sediments in the badlands area. From these
orogenic forces, the area was broken into four rigid
earth blocks: the San Gabriel Mountains, San Ber-
nardine Mounntains, San Jacinto fault bloek, and Per-
ris fault block., Some of these blocks were uplifted
and eroded, while others were depressed and eov-
ered with sediments and detritus from the surround-
ing positive areas.

Middle to late Pleistocene history shows that depo-
sition was widespread throughout the area as evi-
denced by widely seattered depositional remnants still
standing above the alluvial plain. During the Wis-
consin glacial period, sea level dropped with resulting
downeutting action by streams, leaving remnants of
these alluvial fan materials as terraces and mesas.
The depth of this downeutting was controlled by
resistant rocks in the stream channels. Drainage
patterns were very different from those existing today.
Abandoned channels were cut, possibly by Cajon
Creek or Liytle Creek across the Rialto Bench to the
Santa Ana River. One of these channels continues
under the East Riverside Mesa and provides a flow
path for subsurface movement east of the La Loma
Hills. It has been reported that the Santa Ana River
flowed direetly westward, north of the Jurnpa Moun-
tains, and that the alluvial fan building southward
from the San Gabriel Mountains foreed its path
southerly to its present l-m.ati-uu (USGS—"* Underflow
Across the San Jacinto fanlt’’). Near the elose of the
Pleistocene epoch the alrpmm. were in their present
positions.

Recent

Deposition of alluvium oceurred in the downeut
trenches, which were secoured during the most recent
or Wisconsin glacial stage., Winds brought in sand
from the north and west to build dunes. Alternating
periods of deposition and erosion have altered the
surface of this Younger alluviom with the depositien
of a highly permeable material in the channels. Recent
sand dunes continue to develop on top of the older
weathered dunes,

Physiography
_ This description of the physiography of the area of
investigation gives details on bordering mountains
and highlands; plains, mesas, terraces, and deposits;
and valleys and floodplains.

Berdering Mountains and Highlands

South of Loma Linda lie the San Timoteo Badlands,
a series of folded, highly eroded sediments that end
abruptly at Reche Canyon dm the west. On the western
side of Reche Canyon lies Blue Mmmlmu, a steep peak
tlh:-ltl has a maximum elevation 2,423 feet above sea
Vel

At the Colton Narrows, two rock masses form the
constriction of the Santa Ana River: north of the
river is Slover Mountain, a limestone roof pendant
rising to an elevation greater than 1,400 feet: south
of the river are the La Loma Hills, bedrock masses
that appear to be related to the Box Springs Moun-
tains in rock type and have a connection with them
continuing beneath the East Riverside Mesa,

At Riverside, many isolated bedrock masses pro-
jeet through the alluvium. OF these, three are located
immediately along the southern bank of the Santa
Ana floodplain. These are Mount Rubidoux, a mass
of lencogranite rising to an elevation of 1,339 feet,
a hill sometimes referred to as Indian IHill, and
North Hill to the northeast. A series of lower hills
extend southerly in a enrved line from Mount
Rubidoux. These are Pachappa Hill, one unnamed
hill, and Quarry Hill. This line of hills forms a nat-
ural barrier for water movement and may represent
a separate earth block. Evidence of this is seen in
water levels and depths to bedrock on either side of
the row of hills.

Sonth of the Santa Ana River and northeast of
Arlanza Village a highland area rises te an elevation
of 894 feet. This unnamed hill is underlain by bedrock
and forms part of the constrietion known as River-
side Narrows. Directly across the Santa Ana River, to
the north, the Pedley Hills form the other part of the
constriction of the Riverside Narrows. Maximum ele-
vation of the Pedley Hills is 424 feet above sea level,
Several spurs or extensions of the Pedley Iills radiate
outward toward the river., These are covered by rego-
lith {residuum) and erop out again along the river
as outliers, To the north of the Pedley Hills lie the
Jurnpa Mountains, The Jurupa Mountains rise to
2,235 feet and consist of a complex series of pre-
batholith metasedimentary rocks, and batholithic rocks
that range from gabbro and lencogranodiorite in
composition.'"™" These mountains exert little effect
on the area of study except for some intermittent
streamblow and wind control.

East of the Jurupa Mountains lies an unnamed hill,
which rises to a maximum elevation of 1,739 feet.
A small extension extends eastward toward the Crest-
more Quarry. At the Crestmore Quarry, twin hills—
Chino Hill and Sky Blue Hill, are mined for the pro-
duetion of cement.

Plains, Mesas, Terraces, and Dikes

Within the report area is a prominent unnamed ter-
race on the western side of Reche Canyon. This
physiographic remnant of older alluviom was left
standing against the slope of Blue Mountain after
downcutting by Reche Creek as it adjusted to a
change in base level of the Santa Ana River. A drop
in sen level affected the Santa Ana Hiver and
its tributaries in the upper Santa Ana Valley, causing
them to Adownent through their floodplains and
alluvi. i fans nearby.

South of the Santa Ana River between Blue Moun-
tain and the La Loma Hills is a physiographic fea-
ture referred to as the “East Riverside Mesa.’” This
allnvial fan surface has been abruptly truncated,
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leaving a searp approximately 19 to 210 feet above
the river floodplain.

Along the south side of the Santa Ana River be-
tween the La Loma Hills and the Riverside Narrows
and extending easterly and southeasterly for 2 to 5
miles lies a relatively flat area, which is referred to in
this report as the Riverside Plain. Alluvial fans de-
velopmmg from the Box Springs Mountainsg give a
slight westward slope to this feature. Immediately
adjacent to the river, this physiographie feature is
approximately 5 feet above the floodplain near the
La Loma Hills and increases in height to 60 feet
near North Hill,

Extending along the south side of the Santa Ana
River to the Riverside Narrows and southerly to the
mountains lies a sloping surface referred to in this
report as the Arlington Plain. Alluvial fans extending
from the mountains to the valley flat are primarily
responsible for the slope to the northwest. Beneath
the alluvial fans, the original surface of the Riverside
and Arlington Plains would be either flat or tilted in
the opposite direction (i.e., to the southeast). Im-
mediately along the Santa Ana River, this surface lies
approximately 60 feet above the floodplain. Tt is en-
tirely possible that the Riverside and Arlington Plains
may represent depressed blocks of the original Perris
peneplain.

North of the Santa Ana River from Riverside Nar-
rows to Colton Narrows, the Fontana Plain forms the
bluff above the floodplain. It is not a continuous sur-
face, however, as local interruptions of bedrock and
abandoned stream channels do oceur. From Crestmore
to Colton Narrows., sand dunes form the surface to-
pography, locally interrupted by Hoodplains of back-
filled channels that end at the Santa Ana River.

The Bunker Hill dike is a series of low, elongated
hills that parallel the San Jacinto fault, and are evi-
dently uplifted by movement along the Fault. Beneath
the Santa Ana River, these hills have been eroded
away.

Valleys and Floodplains

The San Bernardino Valley is that area between
the San Jacinto and San Andreas fauits, the San
Gabriel Mountains, the Crafton Hills, and the San
Timoteo Badlands. It is formed by coaleseing allu-
vial fans of the Santa Ana River, Mill Creek, Lytle
Creek, Cajon Creek, and smaller tributaries to the
Santa Ana River.

The San Bernardino Valley surface continues across
the San Jacinto fault and downstream as the Santa
Ana River floodplain. Connecting with the Santa Ana
River floodplain from the Fontana Plain and the
Riverside and Arlington Plains are floodplains of
minor tributaries and abandoned, backfilled ehannels.

Stratigraphy
In diseussing the stratigraphy of the area, the t;:-d|
ments are considered from youngest to oldest, \_'-‘Ith
the Quaternary system first, followed by the Tertiary
and the pre-Tertiary systems.

Quaternary System

(uaternary sediments are the most important sedi-
ments, from a ground water-producing aspeet and
therefore, the voungest unit is diseussed first with
each suceeeding unit increasing in geologic age (see
Plate 2, Areal Geology ).

Kecent Serivs

The Recent series consists of the three units: Re-
cent alluvium (Qal) ; Younger alluvium (Qyal) ; and
aetive dune sand (Qs).

Artuvium, Recent alluvium is primarily stream-
deposited gravel, sand, silt, and elay with some de-
bris added locally by slope wash or flood deposits.
These deposits, which lie relatively horizontal form
the floodplain of the Santa Ana River and some of
its tributaries. This unit has been separated from
the Younger alluvium in this report beeause it forms
a mappable unit of finer materials stratigraphieally
above the coarse-grained Younger alluvium, and it
lies horizontally as opposed to the rolling, tilted sur-
faces where Younger alluvium is exposed. In areas
of bedrock struetural *“highs’’ along the river, this
alluvium is missing, thus, exposing the Younger al-
luvinm. This is elearly evident in geologic Sections
A-A’ and B-B’. The thickness of this unit reaches
a maximum of 30 feet. Black and blue silts are very
common in these alluvial deposits, indicating much
included earbonaceous matter and dark minerals.
The deposits of silt-size particles may result becanse
of the lecation of the Colton Narrows near the distal
portions of several coalescing alluvial fans from Ca-
jon Creek, Santa Ana River, Mill Creek, Reche Can-
yon, and Lytle Creek. Also, the period of low rain-
fall, that this aren has experienced in the past 17
years, has led to deposition of fine-grained sedi-
ments. Thus, surface mfiltration from rainfall over
those parts of the floodplain where fine materials pre-
dominate is slower than percolation in other parts
where coarse sediments are found.

Channels of the Santa Ana River have been in-
eised into the alluvial material of the floodplain and
backfilled with a coarse sand and fine gravel to a
maximum depth of 30 feet. These channels meander
aeross the flondplain and, at times, cut aeross pre-
viously developed meanders to straighten out the
channel, The gradient at the base of these sediments
is approximately 12 feet per mile. Those streams
debouching from the East Riverside Mesa and the
Riverside Plain show little river wash in their chan-
nels. The little river wash that is present oceurs in
diseontinuous patehes in these tributary channels.
Stretehes of the stream where the river wash is ab-
sent may have been slightly folded or uplifted very
recently and, thus, erosion removed the material over
the structural ‘“highs’’. Quantities of this material
depend on the rate of erosion and weathering, the
stream gradient and the resistance of the bedrock
sonree,

Youncer Avrtvviowm. Lying steatigraphically  be.
neath the allavimm listed above is the Younger allu-
vium, Two phases are identified: an upper fine-
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grained phase which crops out on the surface,
upstream of the Colton Narrows, on both sides of
the Santa Ana River floodplain, and a lower coarse-
grained phase which is continuous within this area.
Beneath the Santa Ana River floodplain, only the
coarse phase is present. This coarse phase may be cor-
relative with the Talbert aquifer in the Orange
County portion of the Santa Ana River. The thickness
of Younger alluvium beneath the Santa Ana River
floodplain is approximately 100 feet, except over up-
lifted high areas where a thickness of 75 to 80 feet is
encountered, The base of the Younger alluvinm coin-
cides with the beginning of the Recent epoch.

Active Dung Sanp.  Active dune sand oceurs on
the northern side of the Santa Ana River. Primarily
developed from winds from the west and northwest,
these dunes mask the Older alluvium of the Fontana
Plain near the river. Although some of the dune sand
may be older than Reeent, because some of the dunes
are well stabilized and show a soil development, they
are ineluded nunder this unit in this report.

Pleistocene Series (Older Alluvium).

Only the Upper Pleistocene deposits oceur as sed-
iments in the immediate area, becanse Lower Pleisto-
cene sediments appear to have been removed. Older
alluvinm (Qoal) includes all the Upper Pleistocene
deposits.

The generalized term, Older alluvium, has been used
in this report to inelude three types of sediments:
(1) those alluvial deposits comprising Older alluvial
fans, such as those that oceur on the East Riverside
Mesa and Fontana Plain: (2) remnants of flood-
plaing along the Santa Ana River which, after down-
cutting, now stand as terraces about the present flood-
plain; and (3) deeply weathered residunm or regolith,
which occurs around the La Sierra and Pedley Hills
and the Jurupa Mountains. Along the Santa Ana
River, these deposits lie beneath the Younger allu-
vinm and include both coarse and fine deposits. Al-
though occurring to a depth of 400 feet beneath the
floodplain, these sediments are loeally interrupted by
higher bedrock subsurface elevations.

Beneath the East Riverside Mesa, Older alluvium
comprises the excellent aquifer materials that allow
passage of subsurface flow from the Santa Ana
River beneath the mesa when water level gradients
are favorable for such flow. (See Sections J-J°, K-K*,
L-L/, M-M’, Plates 5 and 6.)

Tertiary System

Downstream from the San Jacinto fault, within
the area of investigation, well logs and test drilling
indicate that the Older alluvium lies directly on the
bedrock surface; no evidence of Tertiary sedimentary
materials was encountered. Upstream from the fault,
the Tertiary deposits oeccur as the San Timoteo
beds, which begin at Reche Canyon and continue
easterly to the Beanmont area as a large antielinal
structure. The Tertiary sediments are not pertinent
to this report and, therefore, will be treated lightly.

Pre-Tertiary Syslem

All pre-Tertiary rocks have been included under
the symbol Be (Basement complex). Many types of
bedrock oceur in this area, from quartz diorites, to-
nalities, gabbros, granites, and recrystallized lime-
stones. Because these consolidated rocks form the base-
ment for the ground water materials, and because
they yield little water for productive use, a grouping
of the many types was made for convenience.

Structure

The following discussion of geologic structures
treats the regional structures as well as the specifie
faults and barriers which affeet the movement of
ground water.

Regicnal Earth Blocks

Flour major structural units make up the area sur-
rounding the San Bernardino-Riverside area. These
are the San Bernardino Mountain block, the San Ja-
einto bloek, the San (Gabriel Mountain block, and the
Perris block. The earth blocks that affect the area of
investigation are the last two named, therefore, they
will be discussed first.

FPerris Block

The limits of the Perris block have been defined in
several studies. In general, they define the boundaries
as: the northeastern boundary at the San Jacinto
fault zonme, the southern boundary at the Aguanga
fault zone in San Diego County, the southwestern
limit at the Elsinore fault system, and the northwest-
ern boundary as a somewhat arbitrary line joining
Prado Dam to the City of San Bernardino. This block
also forms the northern extension of the Southern
California batholith and appears to have moved down-
ward relative to neighboring blocks.

Han Jacinta Block

Liying between the San Jacinto and San Andreas
fault systems is the wedge or pie-shaped San Jacinto
block. It includes the San Bernardino Valley and the
San Timoteo Badlands area. This block has moved
vertically downward relative to the San Bernardino
Mountain and Perris blocks.

San Bernarding Mounlain Block

The San Bernardino Mountain block lies to the
north of the San Jacinto block and rises to an eleva-
tion of 11,502 feet above sea level. The smooth crest
along its length and the many uneroded Pleistocene
terraces still remaining near Big Bear Lake indicate
the recency of the uplift. Several authors suggest that
the movement took place at mid-Pleistocene time and
is continuing.

Han Gabriel Mountain Block

Lying west of the San Bernardino block from
which it is separated by Cajon Pass is the San Gabriel
block. This mass of erystalline rocks has a very rug-
ged and jagged erestline. This shows the heavy ero-
sion that has taken place either by glacial and stream
action or weathering.
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Faults

Three faults cross the Santa Ana River in the study
area: the Loma Linda fault, San Jacinte faunlt, and
the Rialto-Colton Barrier. All three of these faults

trend northwest to southwest and are roughly paral-
lel.

Loma Linda Fault

The Loma Linda fault is located farther upstream
than the other two faults just named. It offsets Pleis-
tocene and Tertiary sediments in the Colton Narrows
area. The earth block upstream from the fault is the
San Bernardino Valley with its 1,500 or more feet of
sediments. Downstream of the faunlt is an uplifted
block in which Tertiary sediments are brought to ap-
proximately 600-T00 feet below the surface. The
Younger alluvium apparently is not affected by this
fault. Vertical offset is plainly evident on the three
geologic sections that parallel the Santa Ana River.

San Jacinto Faull

The San Jacinto fault extends from thle San An-
dreas fault zone across the San Bernardino Valley,
through the San Timoteo Badlands, and continues on

into the San Jacinto and Imperial Valleys. Although
it is termed a right lateral fault, because of the
amount of horizontal movement, the vertical move-
ment where it crosses the Santa Ana River probably
has more effect upon ground water levels, ground
water movement, and ground water quality. This fault
separates the San Jacinto earth bloek from the Perris
earth block. The block upstream of the fault has been
uplifted, while that on the downstream side of the
fault has been downdropped. Movement along the
fault probably took place during Tertiary time and
has been continuing to the present time. Earthquake

epicenters have been associated with the San Jacinto
fault in recent times.

Rialto-Colton Barrier

The Rialto-Colton Barrier has little effect upon the
ground water in the Colton area. Wells downstream
of the fault encountered bedrock at approximately
600 to 650 feet below the surface, while those up-
stream, between the San Jacinto fault and the
Rialto-Colton Barrier, do not extend to bedrock. To
the north, vertical displacement becomes greater, and
offset in the water levels on both sides of the fault are
as much as 250 feet,




Test well logs

LEGEND

Silt and clay

Fine sand

Coarse sand

Granules
', :' ® ':,}" .:
r‘dt"": et
..Du.n';n Gravcl
Boulders/cobbles

Decomposed granite

Granite




DATE STARTED LIOV.

DATE COMP.

5, 1962 ontmactor K. HIRKLAND

o, 19’ 1962 STATE OF CALIFORMNIA e o KIRKLAND

S ioRIT R. Turney - G. Ford DEPARTMENT OF WATER RESOURCES YK ORILL Ris. CAHLE TO0E

ELEY.

8.3L top of casi

SOUTHERN CALIFORMIA DISTRICT 8"

DRILL HOLE LOG SIZE OF HOLE

TOTAL DEPTH 2GU1 EPTH TO WATER 61“
PROJECT _ ABS Study Colton Narrows HOLE HNo. 1 SHEET 1 OF 2
DEPTH G“L‘EFET'“ CLASSIFICATION AND DESCRIPTION

100

CAND; Tine grain, well sorted and angular, brown.

|SAND; fine-medium grain, anguler-subangular.

= r"-"—"'
(EAND; TD“E coarse graln, arkosic send, subangular, light brown.

0% ro ? Fragments very an?llar maximum size 1/2-inch,
grEnitE granodiorite composition

SAND AND GRAVEL; Eﬂfﬂhz %5 coarse grain, arkosic sand, subesngular,
mtm

5% = 65% pea gravel with mafic minerals.

._:1‘ GRAVEL AND SAND; 50% - 804 pea gravel to 3;" L-inech maximum, angularf

subangular.
20% - 50% coarse grain, arkosic sand, subangular,
light browm.

SAND; TO% - T5% coarse grain, erkosic sand, subangular, light browm.
10% - 25% brown silt.

15% - 30% pea gravel, angular.

{ sTLT AND SAND; 50% - 60% brown silt.

Lo% - 50% medium-coarse grain, arkosic send,

subangular, light brown with dark minerals.




DATE STARTED COMTRAC TOR

STATE OF CALIFORNIA

DATE COMP, RILLER
PSR DEPARTMENT OF WATER RESOURCES s oo
SOUTHERN CALIFORNIA DISTRICT .
ELEV. DRILL HOLE LOG SIZE OF HOLE
TOTAL DEPTH DEPTH TO WATER
FPROJECT HOLE Mo, el SHEET 2 OoF 2

E-RAPHIC CLASSIFICATION AND DESCRIPTION

SAND; TO0% - 90% coarse grain, arkosic sand, subangular, light
brown with dark minerals.

10% = 25% brown silt.

SAND; 90% very coarse grain, arkosic sand, subangular, light
brown.

104 brown silty clay

GRAVEL; 50% - 60% pea gravel, angular.
30% - LO% coarse grein, erkosic sand, subangular,
light brown.

SAND AND SILT; LO% - 60% fine-coarse grain, arkosic sand,

subangular, light browm with dark minerals.

60% - 40% brown silt.

= 50% fine-coarse grain, arkosic sand.
2 20} Flue-conrme grals,
pra gravel.

200




DATE STARTED M. EI |ﬂ
DATE COMP. _M_L..t lﬂ
eroromist Ri Turpney - G, Ford
ecev. 903,30 top of caging |

TOTAL DEPTH 200!

STATE OF CALIFORMIA
DEPARTMENT OF WATER RESOURCES

SOUTHERN CALIFORNIA DISTRICT
DRILL HOLE LOG

OMTRAC TOR K. KIRKLAND
mucen K. KIRKIAND

rvee omiLe mig CAELE TOOL
SIZE OF HOLE 8"
EPTH TO WATER 78.°

PROJECT_ABRS Study Colton Narrows HOLE No.

2 SHEET 1 OF 2

CLASSIFICATION AND DESCRIPTION

fine grain, angular with debris.

fine grain, with gravel
(cobbles to L-inches).

course grain, arkosic, subanguler with fine gravel
to 1/k-inch.

: 60% - T0% coarse, arkosic sand, subangular with dark
minerals.

25¢% - 30% gravel.

10% silt.

SAND AND GRAVEL:; 504 - 65% medium-coarse grain, quartzose

sand, subangular.

35% - 50% pea size gravel, granodiorite

composition.

SAND; 65% comrse grain, quartzose sand, subangular.
25% silt.

10% gravel of grancdiorite composition.

*] GRAVEL; £0% fine gravel.
' 404 coarse grain, quartzose sand, subangular-very clean:




DATE STARTED ONTRAC TOR

STATE OF CALIFORMIA

CATE COMP, RILLER
3 DEPARTMENT OF WATER RESOURCES| ~—~
oL SOUTHERN CALIFORNIA DISTRICT
LA DRILL HOLE LOG b
TOTAL DEPTH EPTH TO WATER
PROJECT HOLE No. 2 SHEET 2 OF 2
pEPTH | FhARME CLASSIFICATION AND DESCRIPTION
00~ *u i
Joo iz  oRAVEL; 65% 1/b - 3/8 inch gravel.
] GRAVEL
;r=°uu°ﬁi' 30% coarse grain, arkosic sand.
1 8 Jaan 5% brown clay.
1]
E SAND; 60% - 80% medium-coarse grain, srkosic sand, subangulsr
- e
a with dark minerals.
E 15% - 20% pea gravel.
- 10% - 20% brown silt.
4]
5

m

-1]1.1.;1.'.11.1[111_1!
e

-

SAND AND CLAY; 50% - 60% coarse grain, arkosic sand.

Lo% - S04 brown silty clay.

‘M GRAVEL; 75% fine gravel
20% coarse grain, arkosic sand, subangular.
5% brown silt.

SAND; 65% medium-coarse grain, arkosic send, subangular.
35% brown silty clay.

65% pea gravel.
35% coarse grain, arkosic sand, subangular.

SAND; 60% coarse grain, arkosic send, subengular with dark
minerals.
35% brown silt.

5% clay.

200




DATE STARTED Dec. lE‘; 1962 conTmactTor K. KIBRKLAND
oate cone _Dec. 27, 1962 4 s "'F ":"‘:"F:‘ aces Prieven — K. KIRKIAND
sEoLosist B Turney - 3. Ford DG PRRTALEMT: Dr WY S metBLER rvee omiL mis _ CAELE TOOL
8 + P SOUTHERN CALIFORNIA DISTRICT g Sy g

Lo e DRILL HOLE LOG MIEC A -HAk -
vorar peprw 100 DEPTH TO WATER k2.5
PROJ EC TARS Study Colton Nerrows. HOLE No 3 SHEET 1 OF
DEPTH 5““&“”5 CLASSIFICATION AND DESCRIPTION

(1]

SILT:; brown with fine derk minersls.

SAND; 80% - 90% coarse grain, arkosic sand, subangular with
dark minerals.
5% - 15% pea gravel, angular.

5% - 10% brown micacecus silt.

F

60% coarse grain, arkosic sand, subangular with dark minerals.
L40% brown micaceous silt.

5

SILT; LO% - 65% brown micaceous silt
6 —

e 35% - LO% coarse grain, arkosic sand, subangular with dark

" minerals.

i
? -
8

DECOMPOSED CRANITE-GRARODIORITE

)

100 -




pate sTanteo _Nov. 21, 1962 ontmacTor K. HIRKLAND
ETATE OF CALIFORMIA
oate cowr. Dec. 17, 1062 muocen K KIRKIAND

eEOLOBIST ﬂmmmﬂ";ﬁ_ﬁlﬂ.l
SOUTHERMN CALIFORNIA DISTRICT
! f pedestal ITE OF HOLE a"

ELEV. t
TOTAL DEFTH

ART FWATER R
DEP MENT OF WATE ESOURCES tree price mis _CAELE TOOL

o
DRILL HOLE LOG
398" pEPTH TO waTER 31’

PROJEC TABS Study Colton Narrows HOLE No. l SHEET ] OF L

GRAPHIC
DEPTH LO

CLASSIFICATION AND DESCRIPTION

=g =

2 g
o 0 g ¥

.| SAND); coarse grain, arkosic sand, angular with some gravel size particules.

brown silty scll horizon.
; coarse grain, arkosic sand, subangular with some gravel size

particules.

GRAVEL; T5% pes gravel, subangular-angular.

25% coarse grain, arkosic sand.

SAND; 50% coarse grain, arkosic sand, light brown, subangular

with dark minerals.

L% pea gravel.

10% brown silt.

%] GRAVEL; T0% pea size to 3/b-inch gravel, subangular.

@ = B
L =
.'

e

100

30% coarse grain, arkosic sand, subangular.

SAND AND GRAVEL; Wh0% - 50% coarse grain srkosic sand, light
brown, subangular.
bo¥ - 50% gravel, anguler/subangular, granitic

composition.
10% brown silt.

This section contains boulders/cobbles of
granitic composition throughout.




DATE STARTED

ONTRACTOR
STATE OF CALIFORMIA
DATE COMP RILLER
DEPARTMENT OF WATER RESOURCES
GEOLOBIST TYPE DRILL RiG

ELEY.

SOUTHERN CALIFORNIA DISTRICT

TOTAL DEPTH

DRILL HOLE LOG SIZE OF HOLE
BEFTH TO WATER

PROJECT HOLE No. L SHEET 2 OF L
DEPTH Gﬁif“'c CLASSIFICATION AND DESCRIPTION
10071:

2] -
ljl.llllllllllll.ll

w

3

j.lj._l.jj_iJll-Il-llllIllII:ti

200

SAND; 65% - 85% medium-coarse grain, arkosic sand, subangular with

dark minerals.
15% - 35% brown silt.

SAND AND GRAVEL; 40% - 50% coarse grain arkosic sand, light

brown, subangulsar.
Lod - 50% gravel, asngular/subanguler, granitie

composition.
104 brown silt.
This section comtains hculdersfcubhles of

granitic composition throughout.

SAND AND SILT; L5% - 60% medium-coarse grain, arkosic sand,

subangular with dark minerals.

Lo% - 55% brown silt.

SILT; 60% brown silty clay.
L0% coarse grain, arkosic sand, subangular with dark

minerals.

10% brown clay.




DATE STARTED
DATE COMP.

STATE OF CALIFORMIA

GEDOLO®IST

DEFPARTMENT OF WATER R ESOURCES
TYPE DRILL Rid

ELEY.

SOUTHERN CALIFORNIA DISTRICT
SIZE OF MOLE

TOTAL DEPTH

DRILL HOLE LOG

DEPTH TO WATEN

PROJECT

HOLE No L SHEET?3I OF

L

200

GRAPHIC
0

CLASSIFICATION AND DESCRIPTION

SAND AND SILT; 50% - 60% coarse grain, arkosic sand, subangular/

angular with dark minerals.
30% - 50% brown silt.

5% - 10% pea gravel.

] CLAY:

80% brown silty clay.
20% medium grain, arkosic sand, subangular.

T0% medium grain, arkosic sand.

304 gandy silt.




DATE STARTED

ONTRACTOR
e STATE OF CALIFORMIA T
DEPARTMENT OF WATER RESOURCES
GEOLOMRIST TYPE DRILL RIG
SOUTHERMN CALIFORNIA DISTRICT

ELEV, DRILL HOLE LOG SIZE OF HOLE

TOTAL DEPTH DEFTH TO WATER

PROJECT HOLE No. L SHEET L oF

GRAPHIC
pepTH | GRA

CLASSIFICATION AND DESCRIPTION

300 TR

SAND AND SILT; 65% - LO% medium-coarse grain, arkosic sand,

angularfsuhangulaF with dark minerals.

35% - 60% brown silt with clay.

d :. SILT: 65% brown silt with clay.

35% medium-coarse grain, sand, angtﬂ.arfsu‘bangular with

dark minerasls.

HOTE: lower portion contains decomposed granite.

GRANITE-GRANODIORITE




DATE STARTED

March 9, 196k |
March 19, 1964 RILLER

DATE COMP.

ONTRACTOR
STATE OF CALIFORNIA

sEoLoeist O Ford

ELEV. 'ST top of pedesta

L}
TOTAL DEPTH hl{}

DEPARTMENT OF WATER R ESOURCES

SOUTHERMN CALIFORNIA DISTRICT

DRILL HOLE LOG IZE 08 HOLE

W. H. BULLINGTON

LARRY HIMES

tveE pmiLi mis ROTARY

T-3/L

EPTH TO WATER oL o t.

PROJECT ABS FIEZOMETERS HOLE No. 2P SHEET_ 1 OF 5

LQG

GRAPHIC

CLASSIFICATION AND DESCRIPTION

=T T
'?hq.-i:"."';I."

100

T

15% brown micacecus silt

indication of boulders,/cobbles

; 90% medium grain, arkosic send, subangular.

10% brown micaceous silt.

; 60% brown micaceous silt.

30% medium grain angular/subangular sand.
10% engular granitie granules.

TO% coarse grain, arkosic sand, angular.
20% gravel, angular.

10% brown micaceous silt.

GRAVEL; 60% gravel, angular and granitic in composition.

30% brown silty clay.

10% cobbles/boulders, granitic.

GRAVEL; 85% fine granitic gravel, angular.

10% cobbles/boulders, granitiec.
5% brown micaceous silt.

GRAVEL; 60% fine gravel, angular.

L% eandy silt, brown-black.

65% sandy silt, micaceous, brown.

35% fine-medium grain, arkosic sand, subangular
indication of cobbles/boulders.

55% fine-medium grain, arkosic sand, subangular.
Lo% sandy silt, micaceous, brown.
5% cobbles/boulders, granitic.

GRAVEL; 60% fine gravel, angular, granitic composition.

30% sandy silt, micaceous, brown.
10% cobbles/boulders, granitic.

; 85% medium-coarse grain, arkosic sand, angular subanguler




DATE STARTED

DATE COMP.

ONTRAC TOR

BTATE OF CALIFORMIA
RILLER

GEOLOWIAT

DEPARTMENT OF WATER RESOURCES
YPE DRILL RIG

ELEV.

SOUTHERMN CALIFORNIA DISTRICT
SIZE OF HOLE

TOTAL DEPTH

DRILL HOLE LOG
DEPTH TO WATER

PROJECT

HOLE HNo. 5P SHEET 2 OF

2

100

200

GRAPHIC
0

CLASSIFICATION AMD DESCRIPTION

SILT; 80% sandy silt, micaceous, brown.

20% granules, angular and granitic.

SILT; 0% eancy silt, micaceocus, brown
Pt L% granules, angular and granitiec.

SILT; 80% sandy silt, micaceous, brown.

20% granules, angular and granitic.

SAND AND SILT; 50% coarse grain, arkosic sand, angular.

50% greenish silty clay (alternating layers).

SAND; 60% fine-medium grain, arkosic sand, anguler.

LO% greenish sandy silt.

SAND; 75% coarse grain, arkosic sand, angular.

25% greenish sandy silt.

4 CLAY; 80% greenish silty clay.




DATE STARTED ONTRACTOR

STATE OF CALIFORMNIA

DATE cCOMP. RILLER
o DEPARTMENT OF WATER RESOURCES| =~  ——
St SOUTHERN CALIFORNIA DISTRICT
ELEY. nHILL HOLE LOG SIZE OF HWOLE
TOTAL DEPTH DEPTH TD WATER
PROJECT HOLE No. 5P SHEET 3 OF §

GRAPHIC CLASSIFICATION AND DESCRIPTION

200

e e T R e L el i

15% coarse grein, arkosic sand, angular.

5% brown micaceous silt.

Fpr )
g _-"‘-_i-:-l' P

GRANULES; 60% grenitic granules, anguler.
30% greenish silty clay.

10% brown micaceous silt.

CLAY;: T5% greenish silty clay.

25% coarse grain, arkosic sand, sngular.

SAND; T5% very cosrse grain, arkosie send, angular.

300




CATE STARTED

DATE COMP

OHTRAC TOR

STATE OF CALIFORNIA

GEOLOWIET

RILLER

o
DEPARTMENT OF WATER RESOURCES

ELEWV.

SOUTHERMN CALIFORNIA DISTRICT

TOTAL DEPTH

TYPL ODRILL miG

DRILL HOLE LOG SIZE OF HOLE

DEPTH TO WATER

PROJECT

HOLE Neo 5P

—

RESEh

CLASSIFICATION AND DESCRIPTION

25% greenish silty clay.

SILT; 65% greenish sandy silt.

35% coarse grain, arkosic sand, angular.

60% coarse grain, arkosic sand, angular.

LO% greenish sandy silt.

SILT:

T0% greenish sandy silt.

30% coarse grain, arkosic sand, angular.

T0% coarse grain, arkosic sand, anguler.

30% greenish sendy silt.




DATE STARTED

STATE OF CALIFORMIA

OMTRAC TOR

RILLER

DATE COMP

e DEPARTMENT OF WATER RESOURCES | ° = ——

ROL SOUTHERN CALIFORNIA DISTRICT

ELEW. DRILL H'DLE LDG SITE OF HOLE

TOTAL DEPTH DEPTH TO WATER

PROJECT HOLE No. 5P SHEET 5 0F 5
pepTH | GRAFPHIC CLASSIFICATION AND DESCRIPTION

“] CLAY; 75% greenish silty clay.

S —

25% brown sandy micaceous silt.

25% coarse grain, arkosic sand, angular.
SAND; T5% medium grain, arkosic sand, subangular.




RESISTIVITY

SPONTANEOUS POTENTIAL
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FIEZOMETER NO.2 (6P)

PERFORATED INTERWVAL
100" - 120

TR
e IEE-IEG‘.I_

PIEZOMETER NO. 3 (5P)
PERFORATED INTERVAL
1ITe-192"

PIEZOMETER NO. 2 (5F)

PERFORATED INTERVAL
286 - 306

LEGEND

- CEMENT SEAL

L X}
sesd  GRAVEL PACK
LN}

PIEZOMETER NO. | (5P)
378'-398'

PERFORATED INTERVAL E PERFORATED INTERVALS

ELECTRIC LOG AND
CONSTRUCTION DETAIL OF PIEZOMETERS

DEPARTMENT OF WATER RESOURCES, SOUTHERM DISTRICT, 1964
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