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FOREWORD

At present, more than half the water supply of Southern
California's south coastal area comes from its ground water basins.

In general, extractions from this source exceed replenishments, re-

sulting iij a decline of ground water level elevations. The Central
and West Basin Water Replenishment District and other water entities
have contributed significantly in managing the basins effectively.

However, there is a need for information related to the
optimTim conjunctive use of ground water resources with other local
and imported water supplies.

The Department of Water Resources, recognizing this need,
has undertaken a comprehensive study of the planned use of Southern
California's major ground water basins. The Coastal Plain of Los
Angeles County was selected as the first area to be investigated.

Statutory authority for the Department to conduct invest-
igations of surface and subsurface water conditions is contained in
Section 226 of the California Water Code. Statutory authority for
investigation of ground water conditions is conferred under the
Porter-Dolwig Ground Water Basin Protection Law, Water Code Section
12920 and those that follow, and Water Code Section 231.

In this investigation, comprehensive studies were made of
the geology, hydrology, and operations-economics of the ground water
basins in the Coastal Plain of Los Angeles County. Detailed inform-
ation issuing from these studies was presented earlier in Appendixes
A, B, and C to Bulletin No. lOU. This bulletin is intended to serve
as a brief, but comprehensive s-ummary of the findings of these studies,

William R. Gianelli, Director
Department of Water Resources
The ResoTorces Agency
State of California
August 26, 1968
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Abstract

The water demand of the Coastal Plain of Los Angeles County is approximately 860,000 acre-feet a year at present and is
expected to grow to 1 ,200,000 acre-feet by 1990. Water supply from various sources which include the Los Angeles
Aqueduct, the Colorado River Aqueduct and soon the State Water Project will be adequate at least until 1990. One of
these sources of supply is the ground water basin in the Coastal Plain. Approximately 35 million acre-feet of fresh
water is believed to be in storage at present. In the report, four alternative plans of conjunctive use of ground
and surface water resources to meet future water requirements in the service area were analyzed. From this analysis
understanding evolved regarding the economic impact of pumping schedule and pattern, spreading schedule of Imported
water, and methods of preventing sea-water intrusion. It was found that the most significant economic factors are
the price of imported water and the proportionate use of iit^jorted water and ground water in storage.



CONCEPT UNDERLYING WATER PLANNING

Water is a commodity that meets basic human

needs; without it, life cannot continue. This faot has

made us somewhat emotional about water and we

have come to treat water differently from other com-

modities.

However, water is a most abundant commodity.

It cannot be destroyed; it is used and then it re-

turns to be used again. Water is around us in many

forms. By means of treatment and timely delivery,

which may be either expensive or inexpensive, this

water can be put to all uses to meet our needs any

place on earth. It is, then, not difficult to conclude

that all the water needs of any area, now and in the

future, can be met with proper planning.

ELEMENTS OF PLANNING. An analogy

between financial planning and water resources

planning will help to identify the elements to be

considered.

Figure 1 represents the components that are

considered in family financial planning. To ensure

sound financial planning, a complete inventory must

be taken of supply of money in terms of annual in-

come, assets, and borrowing capabilities, as well as

an inventory of financial obligations. For financially

advantageous decision-making, various alternative

ways of meeting financial obligations and of increas-

ing income must be considered very carefully. Only

after a full evaluation of the advantages and limita-

tions of various alternatives should a plan be select-

ed and implemented.

Figure 2 represents the analogous components

of water resources planning. This process involves;

1. Inventory of needs, supplies and asso-

ciated facilities.

2. Formulation of alternative schemes of

meeting needs.

3. Evaluation of advantages and limitations

of alternatives.

4. Selection of a plan.

5. Implementation of the selected plan.
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I INTRODUCTION

3he management of its water resources
has been of vital concern to Southern
California from the time it was first
settled. This has been especially true
in the Coastal Plain of Los Angeles
County. The increasing demand for water
in this area and the economic realities
of obtaining that water have made it
clear that local water managers must
have available to them information re-
lated to comprehensive alternative
water supply plans in order to make an
informed selection of the most suitable
plan. A necessary prerequisite to the
formulation of such plans is the collec-
tion and analysis of data pertinent to
the problems of water need and supply,
especially concerning the ground water
resources.

A study has been completed to furnish
information on alternative plans. Its
findings, in detail and in depth, were
published previously in Appendixes A,
B, and C, to Bulletin No. lOU, covering
the areas of geology, hydrology, and
operations and economics o These find-
ings are summarized in this bulletin.

OBJECTIVE OF THE INVESTIGATtON

Ihe objective of the investigation is to
provide information on a wide range of
alternative plans to be used as a guide
by local agencies for selecting a plan
for managing the ground water supplies
in the Coastal Plain in coordination
with surface water supplies and facili-
ties.

AREA OF INVESTIGATION

The region selected for this study lies
in the heart of the Los Angeles urban
coir^lex. It covers approxiioately 600
square miles and contains all or part
of U2 incorporated cities, including
a large part of the metropolitan sec-
tion of the City of Los Angeles.

Physically, the Coastal Plain of Los
Angeles County is an almost featureless,
semiarid flatland that slopes gently to-
ward the sea (Figure 3). On the north,
it is bounded by the Santa Monica
Mountains, extending inland from Ma1i.hu.
On the northeast, the plain is hemmed
in by another mountainous ridge, though
not as steep, formed by the Elysian,
Repetto, Merced, and Puente Hills.
Through them slice the channels of the
Los Angeles and the San Gabriel Rivers
and the Rio Hondo on their journey to
the ocean. To the south, the massive
hump of the Palos Verdes Hills forms a
solid barrier between Santa Monica Bay
and San Pedro Bay. The Coastal Plain
is bounded on the west by the Pacific,
while its eastern boundary is not a
physical, but rather a political, one—
the line that separates Los Angeles
County from Orange County.

Annual precipitation for the study area
averages about ^$ inches and varies
widely from year to year as shown on
fi-gure h.

At present, more than U, 000, 000 persons
live within the Los Angeles County



Coastal Plain and current population

projections indicate that by 1 990 there

may be considerably more than 5, 000, 000

—

an increase of more than 2^ percent.

Today, the area needs and uses some

860,000 acre-feet of water a year.

The use of water in the Coastal Plain
has shifted from agricultural to urban-

suburban. In 1880, some 27,000 acres

of the Coastal Plain were being irri-

gated for farming. About 9,000 acres

were either urban or suburban, most of

it confined to Los Angeles, Santa Monica,
and Wilmington.

F±fty years later, this condition was
completely reversed. By 1930, the agri-
cultiiral area had increased to 80,000
acres, while the urban-suburban area
had grown to 160,000 acres. During the

next three decades, urban expansion con- Figure 4 - SEASONAL PRECIPITATION

Figure 3 - LOCATION MAP OF THE COASTAL PLAIN OF LOS ANGELES COUNTY



tinned -unabated. By*1 955, rural acreage
in the Coastal Plain had shrunk to its
1 880 level, whereas urban-suburban acre-
age had increased to 270,000 acres and,
by 1 990, will increase to more than
300,000 acres, or more than 80 percent
of the total land area of the Coastal
Plain.

Ihis tremendous growth of the Coastal
Plain's urban-suburban complex increased
demand for water enormously. In 1 868,
when the first artesian well was drilled
near Doxmey, flowing wells co\ild have
been foimd in half the area of the
Coastal Plain. By 1 90U, however, their
number had diminished by about 50 percent.
The dwindling number of flowing wells
naturally caused concern about futvire

supplies of ground water. In 1 903, the
City of Los Angeles decided to import
water and work was begun on the Los
Angeles Aqueduct, designed to bring
water to Los Angeles from the Owens
Valley, more than 200 miles distant.
On November 5, 1913, the first water
flowed into the San Fernando Reservoir.

As time went on, and the Coastal Plain
steadily developed, this source began to

be considered insufficient. By 1920,
ground water levels in a portion of the
study area had dropped below sea level
and, by 1932, sea-water intrusion was
occurring. In 1 9I4I, The Jfetropolitan
Water District of Southern California
(MWD) couple ted the Colorado River
Aqueduct, which brought water from that
river to supplement the Coastal Plain's
other sources.

Even after the introduction of Colorado
River water, however, the Coastal Plain's
industrial-domestic con^slex and agricul-
ture continued to depend largely on
ground water. Consequently, the primping
amounts increased greatly, causing
ground water levels in the coastal
basins to drop further.

Nevertheless, many users continued to
rely on ground water because it is
cheaper to pump water out of the ground
than to purchase iitqjorted water. But
the continued decline in water levels
due to dry seasons and mounting demand
aroused a good deal of concern. Users
were particularly apprehensive lest they
suffer economic Ibss, as well as loss of

Source of Supply



Figure 6 - comparative magnitude
OF SUPPLY IN 1957

their vested rights to the groijnd water.
This has led to litigation and, in some

areas, adjudication of rights for the

use of ground water, resulting in the

curtailment of its use.

Figure 5 summarizes the data on the

average annual supply and disposal during
the base period in the Coastal Plain,
and Figure 6 provides information related
to the breakdown of the sources of water
to meet the demand of the area for the

year 1957.

cost of water service under those alter-

natives was determined.

This investigation dealt with the future

water service in the study area. There-

fore, a number of factors affecting the

supply of water and the cost of water

service could not be predicted conclu-
sively. It was assumed for some factors

that the condition which existed in 1 963,
the beginning period of the investigation,

would remain unchanged. For others, it

was necessary to assume conditions that
might develop in the future. During the

investigation, some of these assumed con-

ditions changed and they are expected to

continue to change. To determine the

effects of changing conditions on the

economic findings of the study, an eval-
uation was made of the impact of these
changes.

Techniques employed in this study are:

(1 ) a mathematical model of ground water
basins; (2) a method for determining
deep percolation into ground water basins;

(3) a mathematical model of major distri-
bution systems; and (li) a procedure for
determining the most economical combina-
tion of surface and subsurface facilities.
Because these techniques woild have required
tedious and ti.me-consuming computations,
both analog and digital computers were used.

CONDUCT OF INVESTIGATION

The work program for this investigation
was divided into three phases: geology,
hydrology, and operation-economics. The
first two phases were conducted to develop
information related to the locally avail-
able water supplies in the area and also
to develop information required to formu-
late a mathematical model of a ground
water basin that will simulate its water
level responses imder various postulated
plans of basin operation. The model was
then used in the operational-economic
phase of the investigation in which the

In the study of the alternative plans for
basin operation, all water supplies

—

including ground water in storage—received
full consideration. Thus, a wide range
of alternative plans of basin operation
were studied operationally and economically
in coordination with surface water supplies,

i

This study was made to evaluate the economic
impact of operational variables. The result-
ing information can serve as a guide to loca!
water agencies in selecting a plan of opera-
tion. Legal, political, and organizational
factors, which are beyond the scope of this
report, must be considered by local agencies
in selection of a plan.



II INVENTORY OF WATER DEMAND AND SUPPLY

To develop effective plans for managing
an area's water resources, it is essen-
tial to know the magnitude of not only-

water demand, but also of all available
water supplies.

WATER DEMAND

The total demand for delivered water in
the Coastal Plain comprises demands for
applied water, injection water, and
spreading water. The applied water is
mainly for municipal and industrial con-
sumption. The injection water is for
creating fresh water barriers to protect
the ground water basins against sea-water
intinision. Kiis water incidentally
replenishes the basins. The spreading
water is for replenishment of the ground
water basins.

The water demands of the Coastal Plain
have increased rapidly, from U^OjOOO
acre-feet in I9U0 to 860,000 acre-feet
at present. It is anticipated that
demand will continue to grow rapidly
xmtil 1980, but only gradually after
that time. The demand for I98O was pro-
jected to be approximately 1,160,000
acre-feet, and for 1990, 1,220,000 acre-
feet.

To ensure that adequate facilities are
provided to meet fluctuating applied
water demands, information on monthly
and hourly demand on a day of maximum
water demand must be considered. For
the Coastal Plain, the peak monthly
demand is about I30 percent of the aver-
age monthly demand. The average demand
on a day of maximum use is about 1 80
percent of the average daily demand.

The peak hourly water demand is about
200 percent of the average hourly demand
on a day of maximum use, or 36O percent
of the aversLge hoiirly demand (Figure 7).

The demand for injection varies with
ground water level elevations along the
coast. The amounts required for exist-
ing and proposed barrier projects can be
estimated by utilizing the information
on groimd water level responses developed
by a mathematical model of the basins.

Depending on the plan of basin manage-
ment, the demand varies for imported
water to be spread in the Montebello
Forebay area where it can be stored for
transmission through the ground water
basin to the point of use.

WATER SUPPLY

Supplies to meet the various water
demands in the Coastal Plain consist of
imported water and locally pumped ground
water. In addition to these sources,
reclaimed water, which is anticipated
to increase in amount, furnishes a small
supply which is spread.

The local water supply to the study area
has been stabilized by the court-approved
agreement between the parties in the
upper and lower basins of the San Gabriel
River Drainage area which provides an
average of 98,Ul^ acre-feet per year from
the upper basin to the area below the
Whittier Narrows.

To supplement Southern California water
supplies, construction of a dual-purpose
nuclear power generation and sea-water
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conversion plant on Bolsa Island in
Orange County has been considered for
many years by The Metropolitan Water
District of Southern California (MWD).
However, present indication is that the
plant will not be built.

Imported Water Supply

Present supplies of imported water in-

clude Colorado River water, Owens River-
Mono Basin water, ground water from the

San Fernando Valley, and ground water
and reclaimed waste water from the San
Gabriel Valley. In the future, these
supplies will be augmented by water from
the State Water Project.

Colorado River water, which is distrib-
uted by MWD, is a major source of imported
water to the Coastal Plain. Softened,
filtered, and -untreated waters are now
available for use fj^om MWD. Softened and
filtered waters are used for applied
water, filtered water for applied water and
injection, and untreated waters for spreading.

Before 1972, the delivery of imported
water to the Coastal Plain by MWD would
be limited either by the capacity of the
delivery system to provide water at
specified pressures or by the available
supply from the Colorado River. In the
event of a water shortage, which cannot
be anticipated before 1 990, this water
would be allocated among member agencies
of MflJD by each agency's preferential
rights and would be limited to the com-
bined supply from the Colorado River and
the State Water Project after 1972. The
preferential rights of the member agencies
are based on all payments made by each
agency to MWD, exclusive of payments for
purchased water.

Department of Water and Power, -which

utilizes two primary sources to supply
the City's needs in the Coas-tal Plain:

imported water from the Owens River

-

Mono Basin and ground water from San
Fernando Valley.

In view of the anticipated rate of
development in the San Fernando Valley,
more water imported from Owens River-
Mono Basin will be used in the valley
by the City of Los Angeles. However,
exports of ground water from the valley
to the Coastal Plain will continue. Be-
cause additional water from the Owens
River-Mono Basin will be required, the
City of Los Angeles, in 1962+, initiated
construction of the Second Los Angeles
Aqueduct. The estimated importation
schedules of ground water from San
Fernando Valley and the Owens River-Mono
Basin by the Los Angeles Department of
Water and Power to the Coastal Plain are:

The Sta-te Water Project will begin deliv-
ering water to Southern California in
1 971 . At -that time, MWD -will begin im-
porting a portion of this supply -tx) the
Coastal Plain through a planned increase
in the delivery capacity of its distri-
bution system.

Water imported by MWD is a supplemental
source of supply to the Los Angeles



Approximately 16,000 acre-feet of re-
claimed waste water is imported from the
San Gabriel Valley and is spread in the
Montebello Forebay below Whittier Narrows.

Los Angeles County Sanitation Districts
now plan to double the capacity of this
plant to increase the amount of water
available for spreading.

Local Water Supply

Among the local supplies—surface water,
ground water, and reclaimed water—ground
water is the most in^iortant resource.
Because of the intermittent nature of
runoff in streams, the direct use of sur-
face water is negligible. The Los Angeles
County Sanitation Districts are contem-
plating the construction of reclamation
plants in the Coastal Plain. These plants
may in time play a vital role in meeting
the Coastal Plain's spreading and injec-
tion water demands.

DETAILED DISCUSSION OF
GROUND WATER SUPPLY

To estimate the supply potential of
ground water to meet the area's needs,
it is essential to determine the amount
of fresh water currently in storage and
the long-term average replenishment by
deep percolation and subsurface inflow
in the ground water basins.

Currently Available Water in Storage

The Coastal Plain of Los Angeles County
consists mainly of unconsolidated sedi-
ments or alluvium imderlain by and bo'onded
on the north and east by bedrock. On the
west and south, it is bo'onded by the
Pacific Ocean. Ground water is stored
td-thin the interstices of these unconsoli-
dated sediments and, to a ILnited air.o-ont,

in fractures of nonwater-bearing rocks
that bound the area.

The Coastal Plain has been divided into
four ground water basins by geological
and surface featares, as shovm on Fig-ore
8. Two of these four ground water basins
are southwest and two are northeast of

the series of low hills formed by the up-
lifts along the Newport-Ihglewood fault.

The Santa Monica Basin extends south from
the Santa Monica Mountains to the Ballona
escarpment between the fault and the
Pacific Ocean. The West Coast Basin
extends southeast to the Palos Verdes
Hills, San Pedro Bay, and Orange County.
The Hollywood Basin extends eastward to
the Elysian Hills and south to the La
Brea high, formed by the Newport-
Inglewood fault. The Central Basin
borders the Hollywood Basin on the south
and occupies the rest of the Coastal Plain
of Los Angeles County east of the
Newport- Inglewood fault.

Both granitic and consolidated sedimen-
tary rocks are considered nonwater
bearing because their specific yield is
negligible. They form a base of the
Coastal Plain's ground water basins
when impermeable sediments, such as
clay and silty clay, are not found above
them. Where thick layers of these im-
permeable sediments are found above the
bedrock without significant quantities
of water-bearing materials between them
and the bedrock, their surface is con-
sidered a base of the subsurface
reservoir.

A contour map (Figure 9) was drawn con-
necting the points of equal elevation
of the base of the water-beaiing material.
The elevation of the base ranges from
sea level at the Santa Monica Hills and
Palos Verdes Hills to more than 3,000
feet below sea level in the south-
central part of the Coastal Plain.

Not all the water in the Coastal Plain
aquifers can be extracted. Even v/hen

an aquifer is supposedly pureed "dry",
a small amount of water remains as a
thin fiLm coating the particles of sand
and gravel. The percentage of water
that is still retained by the sediment
is technically termed "specific reten-
tion". On the other hand, the ratio of
the volume of water in saturated soil
that can be removed by gravity drainage
to the total volum.e of saturated sedi-



LOCATION OF
GROUND WATER BASINS ANO

SEMIPCRMEABLE AND
PERMEABLE AREAS

BOUNDARY OF INVESTIGATIONAL AREA

BOUNDARY OF WATER-BEARING MATERIAL

BASIN BOUNDARY

LEGEND
^?^ HILL AND MOUNTAIN AREAS

""*" BOUNDARY OF SEMIPERMEABLE AREA

"^ BOUNDARY OF PERMEABLE AREA

Figure S

inent is technically termed "specific
yield". Hence, as employed by hydrolo-
gists, the word "storage" refers only
to the actual net amount of water that
can be remoTed from sediments.

In the Coastal Plain, the specific yield
of the water-bearing materials was esti-
mated at from 3 percent for the finer
materials to 26 percent for the coarser.
To calciilate the total storage capacity,
the specific yield of the area was multi-
plied by the thickness of the aquifers
and the area.

Although the volume of fresh water stored
in the ground water basins in the Coastal

Plain was estimated to be 20 million acre-
feet in an earlier study, a recent evaluation
indicated that about 35 million acre-feet
is stored at present. Of this amount, about
29 million acre-feet is stored in the top
1,200 feet of sediments. However, the
amount of ground water that can be extracted
is limited by physical and economic con-
siderations.

Replenishment of Ground Water

The ground water basins are replenished
by subsurface inflow, injection of water
for sea-water intrusion barriers, and
deep percolation of water from various
sources. These sources are precipita-
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tion and resulting runoff, applied water,

and imported and reclaimed water in

streambeds and spreading grounds.

Deep percolation due to precipitation
occurs both inside and outside of stream-

beds. Within the streambed and spreading
grounds, under mean precipitation condi-

tions, about U8,000 acre-feet is estimated
to percolate annually. Of this amoTint,

10,000 acre-feet is derived from storm
runoff, originating vrithin the study area
and as flow from the San Gabriel Valley,
and 38,000 acre-feet from water seeping
into the streambed in the San Gabriel
Valley because of high water tables.

The U8,000 acre-feet of percolation
occurs in a portion of the San Gabriel
River streambed located in the forebay
portion of the Central Basin, in the
existing spreading grounds adjacent to

the Rio Hondo and the San Gabriel River
in the Montebello Forebay and in the
existing spreading grounds adjacent to
the Los Angeles River in the Dominguez
Gap. Outside the streambed, the deep
percolation from precipitation averages
approximately 29,000 acre-feet per year.

Deep percolation from applied water
results from irrigation of gardens and
other areas and also from water discharged
into cesspools. Because of the dimin-
ishing size of irrigated areas and the

decreasing number of cesspools, the

deep percolation from applied water is

ejqpected to decline in the future.

Significant amounts of imported water
have deep percolated in the past in a
portion of the San Gabriel River stream-
bed in the Central Basin and in spread-
ing groiuids. The amount of deep
percolation from this source depends up-
on the delivery capacity of the pipeline
and the availability of replenishment
water from MWD.

Also, ground water basins will be
incidentally replenished by the injec-
tion of fresh water to maintain barrier
projects to prevent sea-water intrusion
along the coast. The amount injected

depends upon the water level elevations
that develop along the coast as a resiilt

.

of ground water basin operation.

In addition to the runoff from storms
and water seeping out from streambeds
in San Gabriel Valley because of high
water tables, water reclaimed from
vjaste water originating in the San
Gabriel Valley is available for conser-
vation by spreading in the Coastal
Plain, The annual amoimt currently avail-

able for spreading is 16,200 acre-feet,
which is about equal to the existing
capacity of the Whittier Narrows
Reclamation Plant.

Subsurface inflow also adds to the
ground water supply of the area. Sub-
surface inflow of fresh water has
occurred in the past and may be assumed
to occur in the future at the Los
Angeles Narrows and Whittier Narrows.
The average annual subsurface inflow
was estimated to be 200 acre-feet for
the Los jingeles Narrows and 28,000 acre-
feet for Whittier Narrows. With
respect to flow across the Los Angeles-
Orange County boundary line, both sub-
surface inflow and outflow have occurred,
depending upon levels in adjoining
basins. The amounts of inflow in the
future at each location would vaiy with
each plan of basin operation both within
and outside the Coastal Plain.

Reduction of Water from Ground
Water Basins

The amount of ground water in storage
is reduced by subsurface outflow and
pumping of ground water. Prior to
initiation of the investigation, the
average subsurface outflow was small.

In 1963, about I4.O percent, or about
300,000 acre-feet, of the demand of the
Coastal Plain for applied water was met
by water ptiraped from ground water basins,
In the future, the amount to be taken
out of the basins by purrping will depend
upon the plan of basin operation to be
implemented.
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Ill INVENTORY OF FACILITIES

Supply facilities within the Coastal
Plain are those required for transmission
and storage of surface and groimd water
to meet the fluctuating demand for applied
water, spreading water, and fresh water
barrier projects.

A highly developed network of both sur-

face and ground water facilities for
storage, transmission, and extraction
exists within the Coastal Plain to meet
the applied water demand of residential,
industrial, and commercial entities, and
the very small water requirement of
agriciilture

.

GROUND WATER BASINS AS
DELIVERY FACILITIES

Ihe ground water basins can be considered
as a part of this network of facilities
as is illustrated by the analogy between
the physical characteristics of the ground
water basins and surface distribution
systems

.

!Ihe rate of deep percolation and subsur-
face inflow into a ground water reservoir
is comparable to the rate of inflow into
a surface reservoir. The storage capacity
of a ground water basin is comparable to

the storage capacity of a surface
reseiTToir. Ihe transmissive characteris-
tics of the aquifers of a ground water
basin may be compared to the delivery
characteristics of a distribution system.
Finally, the piezometric pressure and
ground water table in a basin are analogous
to the hydraulic grade line elevations in
a surface distribution system.

Using equations that numerically describe
"tiie flow characteristics of ground water
basins and surface distribution networks,
it is possible to calculate the capabili-
ties of these water delivery media and to
determine the additional facilities
required. This determination makes it
possible to estimate the cost of water
service under various plans of basin
operation.

To integrate the ground water basins in-
to the delivery facility, a mathematical
model of a basin was developed. First,
however, surveys were made of the areal
extent, boundaries, thickness, structures,
storage capacities, and transmissibilities
of aquifers. This information was then
consolidated to represent an "equivalent
aquifer", a composite combining the
essential physical features of 1 1 major
Coastal Plain aquifers. Those features
furnished the coefficients for a set of
equations simulating storage and flow in
the equivalent aquifer. This set of
equations, with proper values for the
coefficients, is the ground water basin
mathematical model. The 82 equations
required for this study were solved by
a general purpose analog computer because

the manual simultaneous solution of these

equations would have been impossible.

Ihe ground water basin mathematical model
was used to estimate future ground water
level elevations at various parts of the

Coastal Plain under various alternative
plans of basin operation.

When the ground water basins are regarded
as a transmission facility, streambeds
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and man-made spreading groiinds may be

considered as the initial point of the

delivery facility and wells may be con-

sidered as the terminal point. In

addition to the San Gabriel River bed,

which is a natural spreading facility

with an approximate capacity of 120 cubic

feet per second, four man-made spreading

facilities exist in the area adjacent to

the Rio Hondo and San Gabriel River in the

Montebello Forebay, and adjacent to the

Los Angeles River in the Dominguez area.

The total infiltration capacity of the

spreading grounds in the forebay is about

570 cubic feet per second, which is equiva-
lent to about i|00,000 acre-feet per year,
provided the infiltration rate is not re-
duced by a ground water mound that could
develop beneath the spreading site. Usable
capacity, however, is limited because of
the need to rotate the use of percolation
basins within the spreading grounds.

A large number of wells, the terminal points

of a ground water delivery facility, are

scattered throughout the Coastal Plain.
Ihe distribution of these wells and the

approximate magnitude of ground water pvimp-

age in various areas are shown on Figure 10.

PATTERN OF
GROUND WATER EXTRACTIONS M I9S6

AND LOCATION OF
ARTIFICIAL RECHARGE PROJECTS

LEGEND

BOUNDARY OF INVESTIGATIONAL AREA

BOUNDARY OF WATER-BEARING MATERIAL

BASIN BOUNDARY

HILL AND MOUNTAIN AREAS

EXISTING SPREADING GROUNDS

EXISTING BARRIER FACILITIES OPERATED BY

LOS ANGELES COUNTY FLOOD CONTROL DISTRICT

PROPOSED BARRIER FACILITIES BY LOS ANGELES
COUNTY FLOOD CONTROL DISTRICT

EACH DOT REPRESENTS ANNUAL GROUND WATER
EXTRACTIONS OF 500 ACRE-FEET

Figure 10
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Because the water injected in fresh water
barriers to prevent sea-water intrusion
along the coast contributes to the supply
of water in ground water basins, these

IMPORTED WATER DELIVERY FACILITIES

The distribution systems owned and
operated by the City of Los Angeles to

barriers can be also considered as initiating bring water from outside the Coastal
points of water delivery facilities. At
present, there are two barrier projects
located in West Coast Basin along Santa
Monica Bay and at Alamitos Gap. A barrier
project will be constructed at Dominguez
Gap soon. The lengths of these existing
and planned projects are about 9 miles,
2 miles, and U miles, respectively.

Plain are adequate for the delivery of
the scheduled amounts of water to the
area. The existing and proposed facili-
ties of MWD and the State Water Project
are also adequate to meet the demand for
imported water in Vne Coastal Plain at
least to 1 990 under any economical plan
of basin operation. Wie primary pipeline

GABRIEL MOUNTAINS

EXBTUG AND ASSUMED FLTTLRE DISTRa/nON FAOUTES
OF THE METROPOLITAN WATER DISTRICT OF

SOUTHERN CALIFORNIA

LEGEND
I BOUNDARY OF INVESTIGATIONAL AREA

"— EXISTING FACILITIES

PROPOSED FACILITIES

Figure 1

1
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network of MWD in the Coastal Plain is requirement in the Coastal Plain, niis

shown on figure 1 1

.

group of facilities -would include small
pipelines beyond the connection to the

MWD's pipelines. The distidbution
COMMON DELIVERY FACILITIES systems owned and operated by both pri-

vate and municipal agencies, such as the

Many of the water delivery facil- pipeline networks of the City of Los

ities would be required no matter what Angeles and the City of Long Beach,

plan is adopted for meeting the water would also be in this category.
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IV ECONOMIC EVALUATION

The Coastal Plain ground water man-
agers can best tinderstand the changes
in their water service requirements
and the political, legal, social, and
organizational forces that influence
management decisions. These forces
may play a dominant role in the se-
lection of a management plan and often
override cost and benefit considerations.
For these reasons, basin management
must remain in local hands.

This investigation was restricted to the
physical and economic aspects of basin
operation. In considering the costs and
benefits of alternative plans of opera-
tion, the measure of the benefits is
satisfying the applied water demands for
the study area. As these water demands
(benefits) are common to all plans, one
merely needs to estimate the costs of
the plans to determine their economic
advantages

.

There are two extremes in providing water
service. One is to rely exclusively on
ground water basins as a source of water
and the other is to use iit^jorted water
facilities exclusively. Between these
two extremes lie a great range of possible
alternatives, as may be surmised by refer-
ring to Figure 1 2.

Operational possibilities for utilizing
the ground water in storage are also
numerous. The amount of ground water in
storage could be increased to halt saline
intrusion, or it could be left unchanged
or even decreased from the present level
by maintaining freshwater barrier projects
along the coast.

VARIABLES

The variables in the operation of the
ground water basins are the timing, amounts,
and locations of both extraction and
artificial replenishment. In addition,
the method of preventing saline water
intrusion also could be considered as

an operational variable. These factors
can be expressed in terms of

:

1. Spreading schedule of imported water
at the Montebello Forebay;

2. Methods of preventing saline intrusionj

3. Pattern of ground water extraction;

It. Schedules of ground water extraction,

EVALUATION OF VARIABLES BY
APPLICATION TO ALTERNATIVE PLANS

In all, more than ^0 plans of operation
were evaluated during this investigation,
and comprehensive operational-economic
information was developed.

It was foimd that it is impracticable to
form a seaward freshwater gradient by
filling the Coastal Plain aquifers as

rapidly as required to forestall further
sea-water intrusion along the coast.
Furthermore, economic evaluation of many
plans indicated that it is much more
expensive to fill the basins than main-
tain freshwater barriers to stop sea-water
intrusion. Consequently, analysis can be
confined to those plans that involve
freshwater barriers.

•17-



Agi icultural use

Waste water

.,.^\°

«.'«J

%s
>v»*'>

"

' "^l>«'«

Pacific Occin

i»i>""
.\ »''

/y
*p[e zome^^^

^
..>'•

/v<.>"
Figure 12 - WATER DEMANDS AND SUPPLIES

It has been generally believed that loca-
tion of pumping is a significant factor
in the management of ground water basins.
However, it was found that location of
pumping caused a comparatively negligible
economic impact in the Central Basin of
the Coastal Plain.

Even though the pumping pattern was
varied substantially in the Central
Basin, cost difference was found to be
minor. However, a shift in pumping
pattern from the coastal a3?ea to the
inland portion of the West Coast Basin
was fo-und to have a beneficial effect on
the cost of maintaining the freshwater
barriers

,

Five plans that cover the range of signif-
icant variables were selected for detailed

analyses. An extensive volume of infor-
mation relating to them was published in
Appendix C to this bulletin. Of those
five, four were chosen to be offered here
for consideration.

Plan A (Plan 117-11 in Appendix C) - pro-
vides for the use by 1990 of

);,000,000 of the 3^,000,000 acre-
feet of ground water in storage.
(Ground water levels would be
stabilized after 1990, at which
time a safe-yield operation would
be initiated. The basin would
not be filled to its initial—1963"

level.

)

Plan B (Plan 117-5 in Appendix C) - pro-
vides for a median use of stored
ground water, 1,000,000 acre-feet.
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(Ground water levels would be
stabilized after 1990, at which
time a safe-yield operation would
be initiated. The basin would not
be filled to its initial—1963--
level.

)

Plan C (Plan 117 -ll in Appendix C) - pro-
vides for the maintenance of ground
water storage under average precip-
itation at present levels (immediate
safe-yield operation).

Plan D (Plan 318-5 in Appendix C) - same

as Plan C except it includes spread-
ing a large amoxint of imported
water.

Information concerning water demand and
supply in the Coastal Plain during the

period of detailed economic study is

presented in Tables 1, 2, 3, and U.
Table 5 summarizes this information.

In Tables 1-Ii, columns 5, 6, 7, 8, and
12 (import by Los Angeles Department of
Water and Power, import from San Gabriel
Valley, filtered import by MWD for dom-
estic use, and ground water extraction)
are related to the amount of water
directly used for consumption, and col-
umns 9, 10, and 11 (filtered injection
water, raw spread water, and reclaimed
waste water) indicate the amount of water
used for replenishment of ground water
basins.

COST OF WATER SERVICE

In the computation of the cost of each
plan of operation, facilities that are

required for service of water regard-
less of source, such as existing storage
reservoirs, were excluded from economic
consideration because the cost associated
with those facilities would be the same

imder each alternative.

TABLE 1

OPERATIONAL PLAN 'A'

ESTIMATED ANNUAL AMOUNTS OF WATER DEMAND AND WATER SUPPLY
IN THE COASTAL PLAIN OF LOS ANGELES COUNTS FROM 1963 THROUGH 1990

IN 1 ,000 ACRE- FEET PER YEAR

8 10 11 12 13



TABLE 2
OPERATIONAL PLAN 'B'

ESTIMATED ANNUAL AMOUNTS OF WATER DEMAND AND WATER SUPPLY

IN THE COASTAL PLAIN OF LOS ANGELES COUNTY FROM 1963 THROUGH 1990

IN 1,000 ACRE-FEET PER YEAR234 5 678 9 10 11 12 13
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TABLE 4

OPERATIONAL PLAN 'D'

ESTIMATED ANNUAL AMOUNTS OF WATER DEMAND AND WATER SUPPLY
IN THE COASTAL PLAIN OF LOS ANGELES COUNTY FROM 1963 THROUGH 1990

IN 1,000 ACRE-FEET PER YEAR234 56789 10 11 12 13



TABLE 5

TOTAL AMOUNTS OF COMPONENTS OF WATER DEMAND AND SUPPLY IN THE
COASTAL PLAIN OF LOS ANGELES COUNTY FOR THE STUDY PERIOD

1963 THROUGH 1990 FOR SELECTED PLANS OF OPERATION
IN THOUSANDS OF ACRE-FEET*

COMPONENT
Plan number

Plan 'A' Plan 'B' Plan 'C Plan 'D'

WATER DEMAND

Applied water demand

Injection demand

Spreading demand

TOTAL WATER DEMAND

30,010 30,010

2,670 1,340

560 540

30,010 30,010

1,020 1,080

630 1 ,560

33,240 31,890 31,660 32,650

WATER SUPPLY

Import by Los Angeles Department of Water & Power

Import from San Gabriel Valley

Import by Metropolitan Water District

Softened industrial and domestic

Filtered industrial and domestic

Filtered injection water

Raw spread water

Reclaimed waste water

Ground water extraction

TOTAL WATER SUPPLY

3,840



The cost of each facility was summed
to obtain the total cost of water ser-
vice, which includes the cost of ground
water, imported water, replenishment
of ground water basins, and prevention
of sea-water intrusion. The cost of
imported water includes ad valorem taxes
paid by property owners in the Coastal
Plain.

The total of these costs constitutes
the cost of water service for the

Coastal ELain. These costs would be
incurred at different times under dif-
ferent plans of operation. The economic
effect of incurring the same total
amount of expenditure at different times
would vary with the plan. To establish
a viable economic comparison of all
alternatives, it is necessary to convert
all costs—regardless of the difference
in time of expenditure—to the common
denominator of present worth.

Present Worth

Present worth of the total cost of water
service under each plan of operation may
be considered as the amount of money that
is needed today to meet future financial
obligations associated with the water
service. Thus, a comparison of present
worth of the four plans woiild provide a

comparative measure of the extent of
financial obligations that would be

imposed on the decision-makers and the

water users they serve.

Economic Evaluation

The cost of imported water was shown to
be the biggest cost item in each of the

four alternative plans. The cost depends
chiefly on the future pricing policies
of MWD from which the Coastal Plain pur-
chases imported water.

To understand the importance of the MWD
pricing policy on the Coastal Plain water
economics, an analysis of the policy is
necessary.

Conceptually, various means can be
employed to pay for water service

:

Users of imported water can pay the com-
plete cost for carrying it from source
to point of delivery; property owners
can pay the complete cost through taxes
(ad valorem taxes); and users and tax-
payers can divide the cost. This last
means is the one MWD has employed to
date—some 50 percent of its capital
cost of constructing facilities is now
borne by an ad valorem tax.

In addition, the present pricing policy
provides different prices for water used
for agricultural and ground water replen-
ishment purposes and for water used for
domestic and industrial piirposes.

TABLE 6

PRESENT WORTH OF FUTURE TOTAL COSTS
OF WATER SERVICE IN THE COASTAL PLAIN OF

LOS ANGELES COUNTY

Category

Present worth of costs

from 1963 to 1990

Plan A PlanB PlanC PlanD

$902,000,000 $ 958,000,000 $ 972,000,000 $ 956,000,000

Present worth of costs

from 1991 to perpetuity

412,000,000 400,000,000 405,000,000 397,000,000

TOTAL $1,314,000,000 $1,358,000,000 $1,377,000,000 $1,353,000,000
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USE OF THE NOMOGRAPH

1. Select plan of operation.

2. Connect appropriate points on

tax scale and differential

scale. Mark intersection of

this line with turning line.

3. Connect point of turning line

with energy cost point. Where

this line intersects present

worth line, read the present

worth of total cost of water

service for the selected plan.

DEFINITIONS

Tax. % of financial obligation for

Metropolitan Water District

facilities borne by property tax.

Differential. Difference in price

between domestic—industrial and

agricultural—replenishment water

imported to the Coastal Plain

Energy Cost. Energy charge (including

operation, maintenance, replacement,

and power costs) for State Water

Project water delivered to Southern

California.

Present Worth. Present worth of total cost

of water service, 1963 through 1990.

Based on the assumption that the indicated ad valorem tax rate will be continued to the year 2039.

Figure 13- NOMOGRAPH TO DETERMINE PRESENT NORTH OF TOTAL COST OF
WATER SERVICE IN THE COASTAL PLAIN UNDER VARIABLE CONDITIONS AFFECTING

THE PRICE OF IMPORTED WATER - 1963 THROUGH 1990
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Dwever, MWD has not announced a long-
ange policy; therefore, to get a long-
ange economic evaluation ,of alternatives,
ssumptions were made regarding MWD pricing
.fferentials and ad valorem taxes.

aother significant factor affecting the

lit price of MWD water is the energy
3st of pumping water from the State
ater Project over the Tehachapi
Duntains, In recent years, the estimated
3st of energy for pumping imported water
IS decreased. To facilitate the evalua-
iion of the economics of the alternative
)lans under changing conditions with respect
,0 pricing policies and energy costs, nomo-
3"aphs were developed and presented in
ppendix C. One of them is given here as

Bi example. (See Figure 13.)

sing the nomograph, the present worth of

)st of water service for Plans A, B, C,

id D was determined under the assizmption

lat the present MWD pricing policy would
J followed in the future. Table 6 shows
le result of this determination. The ad
ilorem tax has been included in this
able.

to perpetuity, although from different depths,

Therefore, the comparative values of ground
water in storage for the alternative plans
would be the differences between the present
worth of total future costs for these plans
from 1991 to perpetuity. These differences
have already been included in the costs to

perpetuity in Table 6.

In making a long-range water management
plan in the Coastal Plain, the timing of

the construction of the next water project
is also of vital concern to local agencies.

The economically desirable timing would be
the time when the total cost of the next
imported water project equals the total
cost of the least expensive alternative
supply — ground water, converted salt
water, and reclaimed waste water. In

setting this timing, consideration should
be given to ascertaining that an adequate
local emergency supply is available. For
exact timing, however, a more detailed
study should be made by evaluating the
present worth of total cost of water ser-
vice with alternative times of construction.

1 evaluating this table, it mast be re-
smbered that the table is for the entire
jastal Plain of Los Angeles Couniy, To
5tain the economic information for indi-
Ldual water agencies such as Central
id West Basin Water Replenishment
.strict, supplemental analyses will be
jqiiired,

3r Plan D, if surplus water from the State

iter Project could be purchased from MWD
b a smaller price than indicated in the
fTO's pricing schedule, proper adjustment
lould be made to the present worth of the

3st of water service under the plan.

1 evaluating these curves, a question may
rise as to the differences in the values
f ground water remaining in storage in

?90 under Plans A, B, C, and D.

ider all plans, the ground water basin will
rovide the same quantity of water from 1991

CONCLUDING REMARKS

An important finding that has evolved from
this investigation is that the most eco-
nomically significant factors in the
Coastal Plain's water service cost are the
price of imported water and the propor-
tionate use of imported water and ground
water in storage. It was also found that
changes in assumed conditions substan-
tially affect the comparison of the water
service costs under alternative plans.

Because the investigation was based on
numerous unavoidable assumptions and these
assumed conditions continually change,

the water agencies in the Coastal Plain
must consider the impact of these changes
on the cost of water service before a

management decision is made. Appendixes A,

B, and C to this bulletin provide data and
procedures for such considerations.

-25-



5 fl 5 05"









THIS BOOK IS DUE ON THE LAST DATE
STAMPED BELOW

RENEWED BOOKS ARE SUBJECT TO IMMEDIATE
RECALL

RECEIVED

my 1 8 IS9G

EHYS SCI UBRARr

JUL 1 9 1972

JUL 2 5 REC'D

JUN 1 2 1^74

JUH 71974

MAR 8 1978'

St€lCEVvED

SEP 14 1982

MAY 4 199

LIBRARY, UNIVERSITY Of CALIFORNIA, DAVIS

BookSIip-50m-5,'70(N6725s8)458—A-31/5



N9 822655 3 1175 00666 1378

California. Department
of Water Resources,

Bulletin.

TC824
C2
A2

no. 104

PHYSICAL

SCIErlCES

LIBRARY




