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FOREWORD 

At present, more tha.D half the water supply of Southern 
California 1 s south coastal area comes from its ground water basins. 
In general, extractions from this source exceed replenishments, re
sulting i:o. 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 
optimum 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 1 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 2Jl. 

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 Bu.llet:l.n No. 104. This bulletin is intended to serve 
as a brief, but comprehensive Slm:rmary of the findings of these studies. 
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The water demand of the Coastal Plain of Los Angeles Cau."'!ty ia approld.~ately 860,000 acre-feet a year at presant end is 
expected to grow to 1,200,000 acre-feet by 1990, Water supply from varloue sources which include the Loe k"'lgelea 
Aqueduct, the Colorado River Aqueduct end soon the State Water Project will be adequate at lea.at until 1990. One of 
these sources of supply is the ground water basin in tJ1e Coastal Plain, Appro::rlmately 35 million acre-feet of fresh 
water is believed to be in storage at present, In tJ1e report, four alternative plane of conjunctiva use of ground 
and surface water resources to me.:rt future water requirements in the service area wera analy:ised. Fram this analysis 
understanding evolved regarding the economic impact of pumping schedule and pattern, spreading schedule of imported 
water, and methods of preventing sea-water intruaian, It was found that the most iiigni:ficant economic fact.ore are 
the price of :i.mport-ed water and the proportionate use of imported water end grmmd water in etorage, 
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CONCEPT UNDERLYING WATER PLANNING 

Water is a commodity that meets basic human 
needs; without it, life cannot continue. This faat 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 a I I uses to meet our needs any 
place on earth. ,It is, then, not difficult to conclude 
that a! I 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 
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Fig. 1 

Fl NANClAl l'v1ANAGEMENT PLANNING 
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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 ana I ogous 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 !imitations 
of alternatives. 

4. Selection of a plan. 

5. Implementation of the selected plan, 
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INTRODUCTION 

'.I.he ma.nagement of its water resources 
has been of vital concern to Southern 
California from the time it was first 
settled. 'I'J:rl.s has been especially true 
in the Coastal Plain of Los Angeles 
Countw. The increasing demand for water 
in this area and the econowic realities 
of obtaining that water have made it 
clear that local water m.111agers 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 a:nalysis 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. 104; c..overing 
the areas of g(~ology, hydrology, and 
operations and econornics ~ These find
ings a:re summa..rized :Ln tltis bulletin. 

OBJECTIVE OF THE INVESTIGATION 

'1.he objective of the investigation is to 
provide :information on a wide range of 
al tern,.'lti ve plans to be used as a gui.de 
by local agencies for select:Lng a plan 
for !lk'lllaging the ground w,ater supplies 

in the Coastal Plain in coordination 
with surface water supplies and facili
ties. 

-1 • 

AREA OF INVESTIGATION 

The region selected for this study lies 
in the heart o:f the Los Angeles urban 

. t 1 '''"'' complex. It covers appro:x::una e y bv<.; 
sauare miles and contains a.11 or part 
oi 42 incorporated dties, 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 J). On the north, 
it is bounded by the Santa Monica 
Mou.ntains, ex-tending inla"ld from M:ilibu. 
On the northeastJ the plain is hermned 
in by another mount.'linous ridge, though 
not as steep, formed by the Elysian~ 
Repett-0) Merced, and Puente Hills. 
Through them slice the channels o~ the 
Los Angeles and the San Gabriel Rivers 
and the Rio Hondo on their journey to 
the oeean. Tu the south, the massive 
hump of the Palos Verdes Hi11s forms a 
solid barrier betr.feen Santa Monica Ba;y 
and San Pedro Bay. '.the Coasta1 Plain 
is bounded on the west by the Pac:Lfie, 
while its eastern bour1dar:y is not a 
physical, but rather a politicalJ one-
the line that separates Los i\..'1geles 
County from Orange County. 

Annual precipitation for the study area 
averages about 15 Inches and varies 
widely from year to year as shN<'n on 
Figure 4. 

th ' "()"' ~~" ~ At present, more an 4;v v,uuu persons 
live within the Los Angeles County 



Coastal Plaln and current population 
projections indicate that by 1990 there 
may be considerably more than 5,000,000-
an increase of more than 25 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, so:m.e 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:Lf ty ye a:r s later, this con di ti on was 
completeJ.y reversed. By 1930, the agri
cultural area had increased to 80,000 
acres, while the urban-suburban area 
had grown to 160,000 acres. During the 
nek'"t three decades, urban expansion con-
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conversion plant on Bolsa Island in 
Orange County has been considered for 
ma.ny years by The .Metropolitan Water 
District of Southern Calil'ornia (MhfD). 
However., present indication is that thr 
plant will not be bui.l t. 

fmported Water Supply 

Present supplies of ilrrported water in
clude Colorado River water, Owens H.iver
Hono Basin water., ground water from the 
San Fernando Valley, and ground water 
and reel.aimed waste water from the San 
Gabriel Valley. In the futu.1'.'e, these 
supplies will be augmented by water from 
the State Water Project. 

Colorado Ri1ler 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 from MWTI. Softened and 
filtered waters are used for applied 

Department of Water and Power 3 which 
utilizes two primary sources tel supply 
the City1 s needs in the Coasta.l Plain: 
imported water from the Owens River
Mono Basin and ground water from ,3aJ1 
.F'ern.ando Valley. 

In view of the anticipated rate of 
development in the San Fernando Va.Ile~' 

~r J 

more water :iJnported from Owens River-
Mono Bas in wi.11 be used in the valley 
by the City of Los Angeles. However 3 

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 J\nge1es, in 1964, initiated 
construction of the Second Los Angeles 
Aqueduct. 'The estimated :l.:mnortation 
schedules of ground water f;om Sai."1 

Fernando Valley and the Owens River-Mono 
Basin by the Los Angeles Department of 
Water and Power to the Coasta.1 Plain are: 

water, filtered water for applied water and 
injection,, and untreated waters for spreading. Year 

Qu&"lti ty in 
Acre-Feet 

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 
su.pply from the Colorado River. In the 
event of a water shortage, which cannot 
be anticipated before 1990, this water 
would be allocated among member agencies 
of MWD by each agency 1 s preferential 
rights and would be limited to the com
bined supply from the Colorado River and 
the State Water Project after 1972. '.Ihe 
preferential rights of the member agencies 
are based on all payments made by each 
agency to MWD, exclusive of payments for 
purchased water. 

The State Water Project will begin deliv
ering water to Southern California in 
19?1 • At that time, MlfID will begin im
porting a portion of this supply to the 
Coastal Plain through a planned increase 
in the delivery capacity of its distri
bution system. 

Water imported by MltID is a supplemental 
sou:r'ce of m1pply to the Los Angeles 

1969 
1970 
1975 
1980 
1985 
1990 

.309,000 
300,000 
260,000 
22·1 ,ooo 
181 ,ooo 
141 ,,000 

The Los .Angeles Depart.'TI.ent of Water and 
Power has reported that the foregoing 
values should be reduced by J0,000 acre
feet per year if the 1968 trial court 
decision is upheld in the case of City 
of Los .Angeles vs. City of Sa.n Fernando, 
et al. 

In addition to the water :imported into 
the Coastal Plain by l\fldD and the I..os 
Angeles Department of Water and Power; 
approximately 23 3 000 acre-feet annually 
has been pumped from the ground water 
basin or diverted from streams i11 the 
San Gabriel Valley and delivered to the 
Coastal Plain during the hydrologic study 
period o.f this invest:i.gaticm. It was 
assumed for the purpose of this investi
gation that approximately the sa:me amount 
would be delivered frori:t the San Gabriel 
Valley to the Coastal Plain :L'1 the .future. 
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Appro:xirnately 16,0CC acre-feet of re
claimed waste water is :ixrrported from the 
San Gabriel Valley and :is spread in the 
Montebello Fore bay below 1'lhitt:l.er Narrows. 

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

L.oca I Water Supply 

Among the local supplies--surface water, 
ground water, a.nd reclaimed water--grou.nd 
water is the :most irrrportant resource. 
Because of the :L".ltermittent nature of 
runoff in streams) the direct use of sur
face water is negligible. The Los Angeles 
County Sanitation Districts are contem
plating t11e con:3truct:ion of reclama.tion 
plants in the Coastal Plai..."'1. These plants 
may in time play a v"ital role in neeting 
the Coastal Plain 1 s spreading and injec
tion water demands. 

DETAILED D!SCUSS!ON OF 
GROUND WATER SUPPLY 

To estimate the supply po ten t:ial of 
grmmd water to meet the area 1s needs, 
it is essential to determine the amou.'1 t 
of fresh water currently :Ln storage and 
the long-term average replenishment by 
deep percolation and subsurface inflow 
in the ground water basins. 

Current! y Ava i I ab! e Water in Storage 

The Coastal Plain of Los Angeles County 
consists F'.&inly of unconsolidated sedi
ments or alluviun underlain by and bounded 
on the north and east by bedrock. On the 
~"1e st a:nd so utl1; it Is 80\111cled 1Jzr t11e 
Pacific Ocean.. Ground water is stcred 
within the interstices of ·t;hese unconsoli
dated secli:·len ts and) ·t:,c a lirJ. ted a:r:.01mt 5 

:i:n fractu.1_..es of r1an~·rater--bea:c·i!:.g roc1':s 
that bou:nd the 2.:rea. 

The Coastal Plain has beer:. divided into 
~rater~ ·basi:;,s 1:;y geological 

s-u.rface ff.:?e.tu:res ~ as 5;}10·;.,m or1 ?ig·u..re 
'I'wo of these fo< .. ff gx'Dund water b2.sins 
:soutl1Yrest ;.i.tvid t~1'o a.re r1ortheast of 

the series of low h:i.lls form.ed by the up
liJ~ts along the Newport-Lriglewood fault. 

The Santa Monica Basin extends souU+ from 
the Santa 1'1onica Hounta:J ns to the Ballena 
escarpment between the fault and the 
Pacific Oce211. The West Coast Basin 
extends southeast to the Palos Verdes 
Hills, San Pedro Bay, and Orange Count-y. 
'Ihe Hollyi;·mod Basin extends eastward to 
the Elysian H:ills and south tc the La 
Brea high, forrr:ed by the .Newport
I:nglewood fault. The Central Basin 
borders the Hollyw·ood Basin on the south 
and occupies the rest of the Coastal Plain 
of Los Angeles County east of the 
.Newport-Inglewood fau.l t. 

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 1 s grotmd water basins 
when impermeable sediments 5 such as 
clay and silty clay, are not found above 
them. \\"lhere t11ick layers of these im
permeable sediments are found above the 
bedrock without significant quantities 
of water-bear:L.11.g materials between them 
and the bedr·ock, their surface i:-:.> con
sidered a base of the subsur·face 
reservoir. 

A contour ma.p (Figure 9) was dr·aiem con
necti.."'lg the points of equal elevation 
of the base of the water-bearing material. 
The elevation of the base ranges from 
sea level at t,,11.e San ta Fiorrica Hills and 
Palos Verdes Hiils to more tha..'1 J, 000 
feet below sea level in the south-
central part of the Coastal Plain. 

Not all the water in the Coastal Plain 
e.qnifers can be extracted. Even when 
an aquifer is supposedly pu.r:rped n(ic;yn .i 

a s:nall a.rnoun t of water rer·:a:Lns .a,.s a 
thin filn co;:iting the particles of sa.nd 
,3I1d grc·t."·v-el>R! The percer1tage of 1~rater 
that still retained by the sed:i.r",ent 
is tec~o.nically terr:ed nspecific reten
tion1'. On the other hand_, the ratio of 
the vol'JT'.e of water in saturated soil 
that can be rerDved by grav-i. ty drainage 
to the total volu.,'":',e of saturated sedl-
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ment is technically termed nspecific 
yieldn. Hence, as employed by hydrolo
gists, the word nstoragen refers only 
to the actual net amount of water that 
can be removed from sediw£nts. 

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 calculate 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 

HILL AND MOUNTAIN ;~REAS 

llOUNDA'W OF SEMIPERMEABLE AREA 

BOUNOAfW OF PERMEABU: AREA 

we&nON or 
@OUt<I:> WATrn MSJN5 &1'0 
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P!E.RM€A~l!E. &Rf.&S 

)i_ _ _.. .. ,, ... .___g __ :o.;::_1 

PlaiE was est:ixnated to be 20 million acre
feet in an earlier study.i a recent evaluation 
indicated that about 35 ntlllion acre-feet 
is stored at pret'lent. Of this amount, about 
29 million acre-feet is stored in the top 
1 ,200 feet of sediments. However, the 
axnount of ground water that can be extracted 
is limited by physical and econoF.lic con
siderations. 

Replenishment of Ground Water 

'lhe ground water basins are replenished 
by subsurface inflowi :injection of water 
for sea~water intrusion barriers, and 
deep percolation of water from various 
sources. 'l'hese sou.rces are precipi ta~ 
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tion a.~d resulting runoff, applied water, 
and :irnported and reclaimed water in 
streambeds and spreading grounds. 

Deep percolation d:ue to precipita.tion 
occurs both inside and outside of stream
beds. Within the streamberl. and spreading 
grounds, under mean precipitation condJ..
tions, about 48,000 acre-feet is estimated 
to percolate annually. Of this amount, 
10,000 acre-feet is derived from storm 
runoff, originating ier.i thin the study area 
a:nd as flow from the San Gabriel Valley, 
and 38,000 acre-feet from water seeping 
into the strea:mbed :i.n the &'lll Gabriel 
Valley because of high water tables. 
The 48,000 acre-feet of percolation 
occurs in a. portion of the San Gabriel 
River streambed located in the forebay 
portion of the Centrd.l Basin, in the 
eY.i.sting spreading grounds adjacent to 
the Hio Hondo and the San Gabriel River 
in the Montebello Forebay and in the 
eristing &'))reading grounds adjacent to 
the Ins Angeles River in the Dominguez 
Gap. Outside the strnambed, the deep 
percolation from precipitation averages 
approxirnately 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 
expected 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 grounds • 'l'he amount of deep 
percolation from this source depends up
on the deli very capacity of the pipeline 
and the availability of replenishment 
water from HWD. 

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 a.mount injected 
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depends upon the water level elevations 
that develop along the coast as a result 
of ground water basin operation. 

In addition to the runoff from storms 
and water seeping out from streambeds 
in &ID Gabriel Valley because of high 
water tables, water reclaimed from 
waste water originating in the San 
Gabriel Valley is available for conser
vation by spreading in the Coastal 
Plain. The annual amount 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 ma,:r be assumed 
to occur in the futm·e at the Los 
Angeles Narrows and Whittier Narrows. 
The average annual subsurface inflow 
was estimated to be 200 acre-feet for 
the Los .Angeles Narrows and 28,000 acre
feet for Whittier Narrows. With 
respect to flow across the Los Angeles
Orange County bolmdary line, both sub
surface inflow and outflow have occurred, 
depending upon levels in adjoining 
basins. 'lne amounts of inflow in the 
future at each location would vary with 
each plan of basin operation both within 
and outside the Coastal Plain. 

Reduction of Water from Ground 
Water Basins 

The amourrt of ground ·water in storage 
is reduced by sub surf ace outflow a.rid 
pumping of ground water. Prior to 
initiation of the investigation, the 
average subsurface outflow was small. 

In 1963, about 40 percent, or about 
300,000 acre-feet, of the demand of the 
Coastal Plain for applied water was met 
by water pumped from ground water basins. 
In the future, the amount to be taken 
out of the basins by pumping will depend 
upon the plan of basin operation to be 
:Unplemented. 



I I I INVENTORY OF FACILITIES 

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

A highly dev.eloped network of both sur~ 
face and ground water facilities for 
storage, transmission, and e21."traction 
exists 'Within the Coastal Plain tD meet 
the applied water demand of residential, 
industrial, and commercial entities, and 
the very small water requl.rement of 
agriculture. 

GROUND WATER BASINS AS 
DELIVERY FACILITIES 

The ground water basins can be considere·d 
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. 

The 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 st-0rage capacity of a surface 
reservoir. '.lhe transmissive characteris
tics of the aquifers of a ground water 
basin may be compared to the deli veFJ 
characteristics of a distribution system. 
Finally, the piezometric pressure and 
ground water table in a basin are ana1ogous 
to the hydraulic grade line elevations in 
a surface distribution system. 

Us::Lng equations that numerically describe 
the flow characteristics of grOlmd 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 detenniliation rrnkes it 
possible to estinIBte the cost of water 
service nnder various plans of basin 
operation. 

To ::integrate the ground water basins in
to the delivery facility, a JTu.'lthema.tical 
model of a basin was developed. First, 
however, surveys were made of the area.1 
extent, boundaries, thickness, structures, 
storage capacities, and tra:nsmissibilities 
of aquifers® This information was then 
consolidated to represent an nequivalent 
aquifer11 , a composite combining the 
essential physical features of 11 major 
Coastal Plah1 aquifers. Those features 
fm'nished the coefficients for a set of 
equations simulating storage and f1ow LD 
the equivalent aquifer. This set of 
equations, with proper values for the 
coefficients, is the ground water basin 
mathematical model. The 82 equ,.'.ltions 
required for this study were solved by 
a general purpose analog computer because 
the manual simultaneous solution of these 
equatiorn-> would have been impossible. 

The ground water basin mathematical model 
was used to estinIBte 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) stremnbeds 
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and :man-made spreading grounds :may be 
considered as the init:i.al point of the 
delivery· faci.1:1.ty and wells :may be con
s:i.dered as the terminal point. In 
add:l.tion to the San Gabr:i.el R:i. ver 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 
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570 cubic feet per second, which is equiva
lent to about 400,000 acre-feet per year, 
provided the :infi.l tration rate is not re
duced by a ground water mound that could 
develop beneath the spreading site. Usable 
capac:i.ty, however, is lim:i. ted be cause of 
the need to rotate the use of percolation 
h'9.sins within the spreading grounds. 

.A large number of wells, the terminal poin:t@ 
of a ground water delivery facility, are 
scattered throughout the Coastal Plain. 
'Ihe distribution of these wells and the 
a;ppro:x:L>na te ma.gni tude of ground water pump
age in various areas are shown on Figure 10~ 

l'ATTfi!N OF 
G'1Ct<NO \lillTEI' EXTRACTlONS IN 1956 

ANO LOCATION OF 
ART!f'ICIAl l'IEC!-!ARGE PROJECTS 

LP&1c:wt.:'_;.:-_l ~ 

EXISTING 8AR!11ER FACILITIES OPERATED BY 
LOS ANGELES COUNTY FLOOD CONTROL DISTRICT 

PROPOSED BARRIER FACIUTlf.S SY LOS ANGEl.ES 
COUNTY H.000 CONTROL DISTRICT 

EACH DOT REPRESENTS ANNUAL GROUND WATER 
EXTRACTIONS OF 500 AC:RE~fEET 
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Because the water injected in fresh water IMPORTED WATER DELIVERY FACILITIES 
barriers to prevent sea-water intrusion 
along the coast contributes to the supply The distribution systems owned and 
of water in ground water basins, these operated by the City of Is0s Angeles to 
barriers can be also considered as initiat:ingbr:ing water from outside the Coastal 
points of water delivery facilities. At Plain are adequate for the delivery of 
present, there are two barrier projects the scheduled amounts of water to the 
located in West Coast Basin along Santa area. The existing and proposed facili-
Monica Bay and at Alamit.os Gap. A barrier ties of MWD and the State Water Project 
project will be constructed at Dominguez are also adequate to meet the derrkmd for 
Gap soon. '.Ihe lengths of these existing imported water in the Coastal Plain at 
and planned projects are about 9 mile::f, least to 1 990 under any economical plan 
2 :miles, and h miles, respectively. of basin operation. The pri.mary pipeline 
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network of MWD in the Coastal Plain is 
shown on Figure 11* 

COMMON DELIVERY FACILITIES 

Many of the water delivery facil
ities would be required no matter 'What 
plan is adopted for :meeting the water 

requirement in the Coastal Plain. :this 
group of facilities would include small 
pipelines beyond the connection to the 
MWD 1 s pipelines~ The distribution 
systems owned and operated by both pri
vate and municipal agencies, such as the 
pipeline networks of the City of I.os 
Angeles and the City of Long Beach, 
wouJ~d also be in this category. 



IV ECONOMIC EVALUATION 

The Coastal Plain ground water man-
·• agers can best understand· the changes 
••in their water service requirements 
•• and the politic al_, 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. 

'.l'his investigation was restricted to the 
:physical and economic aspects of basir1 
pperation. In considering the costs and 
~enefits of alternative plans of opera
tion, the measure of the benefits is 
j3ati;f;y"ing the applied water dema'1ds for 
~he study area. As these water de:tTumds 
(benefits) are common to all plans·' one 
~erely needs to estimate the costs of 
jthe plans to determine their economic 
~dvantages. 

[here a:re two extremes in providing water 
tservice. One is to rel,.y exclusivel,.y on 
ground water basins as a source of water 
~d the other is to use imported water 
!facilities exclusively. Between these 
'two extremes lie a great range of possible 
\?.lte:rnatives, as ma.y be smmised by :refer
jring to Figure 12. 

i\pperationa.l possibilities for utilizing 
[~he ground water in storage are also 
~umerous. The amount of ground water in 
~torage could be increased to halt saline 
~xitrusion, or it could be left unchanged 
pr even decreased from the present level 
lfy maintaining freshwater barrier pro;jects 
tJ.ong 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 :intrusion; 

3. Pattern of grou..rid water extraction; 

4. Schedules of grouxi.d water extraction. 

EVALUA"HON OF VARIABLES BY 
APPLICATION TO ALTERNATIVE PLANS 

In all_, more th&"'1 )0 plans of operation 
were evaluated during this investigation, 
and comprehensive operational-economic 
information was developed. 

It was found that it is impracticable to 
form a seaward freshwater gradient by 
filling the C-0astal Plain aquifers as 
rapidly as required to forestall further 
sea~water intrusion along the coast. 
F'tU'ther.more, economic evaluation of rn.any 
plmu; indicated that it is much more 
expensive to fill the basirn:1 than main -
ta.in freshwater barriers to stop sea-water 
intrusion. Consequently_, arrnlysis can be 
confined to those plans that i::nvolve 
freshwater barriers. 
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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 pmnping pattern was 
varied substantially in the Central 
Basin, cost difference was found to be 
minor. However, a shift in pumping 
pattern from the coastal area to the 
inland portion of' the West Coast Basin 
was found 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 
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Figure 12 - WATER DEMANDS AND SUPPUES 

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 
h,000,000 of the 35,ooo,ooo 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.) 

Plall B (PlBn 117-5 in Appendix C) - pro
vides for a median use of stored 
ground water., 1,000,000 acre-feet. 



(Ground water fevels 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 117-4 in Appendix C) - pro
vides for the maintenance o:f ground 
water storage under average precip
itation at present levels (immediate 
safe-yield operation). 

Plan D (Plan 318-S in Appendix C) - same 
as Plan C except it includes spread
ing a large amount 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 4. 
Table S summarizes this information. 

TABLE 1 

In Tables 1-h, columns S, 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 
under each alternative. 

OPERATIONAL PLAN 'A' 
ESTIMATED ANNUAL AMOUNTS OF WATER DEMAND AND WATER SUPPLY 

!N THE COASTAL PLAIN OF LOS ANGELES COUNTY FROM 1963 THROUGH 1990 
lN 1,000 ACRE-FEET PER YEAR 

2 3 4 5 6 7 8 9 10 11 12 13 

Applied Total warn• Import* Import Import 8y M.anro. Water D•si. Recleimiici Tot;il wate< 
YEAR weter Injection Spreading demsnci by from soften f, lie• f• lter raw waste w~ter supply 

demend demand 1 3 ss:mrnd e><iractn, 5 to 12 

1963 852 8 59 919 197 10 '277 0 a 46 13 368 919 
1964 an 15 36 923 187 10 287 0 15 23 13 388 923 
1965 892 22 18 932 178 1(J 297 0 22 5 13 408 933 

1966 912 54 20 986 168 10 318 1 54 7 13 416 987 
1967 932 68 19 1,017 158 10 308 33 66 6 13 424 1 /}18 
1968 952 86 18 1,056 148 10 298 65 86 5 13 432 1,057 
1969 972 77 17 1,006 138 10 288 97 77 4 13 439 1,066 
1970 992 81 16 1,089 128 10 283 124 81 3 13 447 1,089 

1971 1,008 85 15 1,108 128 10 ::no 146 85 2 13 455 1, 106 
1972 1,024 89 17 1,130 128 10 262 168 89 4 13 457 1.131 
1973 1,040 93 18 1,151 127 10 '253 191 93 5 13 459 1, 151 
1974 1,057 95 19 1,171 127 10 244 216 95 6 13 459 l, 170 
1975 1,073 99 19 1,191 127 10 236 241 99 6 13 459 1 •. 191 

1976 1,009 102 20 1,211 127 lO 229 264 102 7 13 459 1,211 
1977 1, 105 104 20 1,229 127 10 222 287 104 7 13 459 1,229 
1978 1, 121 107 20 1,248 126 10 214 311 107 7 13 459 1,247 
1979 1, 137 111 20 1,268 126 10 207 335 111 7 13 459 1,266 
1980 1, 153 113 19 1,285 126 10 201 357 113 6 13 459 1,285 

1981 1,158 116 19 1,:293 1:26 10 194 369 116 6 13 459 1,293 
1982 1, 164 118 19 1,301 125 lO 188 381 118 5 13 459 1,301 
1983 1,169 121 19 1,309 125 10 182 392 121 6 13 459 1,J09 
\984 1, 174 123 1S 1.315 125 10 178 401 123 5 13 459 1,315 
1985 1,180 126 18 1,324 127 10 175 410 126 5 13 459 1,325 

1986 1, 185 128 17 1,330 127 10 168 4'22 128 4 13 459 1 ,331 
1987 1, 191 130 16 1,337 127 10 164 431 130 3 13 459 1 ,337 
1968 1,196 132 15 1,344 127 10 160 440 132 3 13 459 1,344 
1989 1,201 135 15 1,351 127 10 157 449 135 2 13 459 1,352 
1990 ~ 137 14 ~ 127 10 154 457 137 1 13 459 1,358 

TOY AL 30,008 2,673 561 33,242 3,837 280 6,414 6,987 2.673 197 364 12,496 33,248 

"'From 8u!!etin No. 104-C, Sacond Loa Angeles Aciueduct not considered es its constr"ction $d1edule wa$ not defi.,lte at tim<fl of inudv. 
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YF.AH 
Appl~ e~::: 

w;::iter 

dB:-nand 

1863 852 
1864 872 
1:165 892 

19515 912 
~967 932 
: 968 952 
1s~9 rn2 
~:170 992 

1971 1)JD8 
1872 1,024 
H::73 1 
1974 
1975 

1976 1 ,(189 
197:? 1, 10b 
1976 1,121 

1, 137 
~ ~ 153 

1()81 1, 158 
1()82 1, 184 
188:l l, 168 
1984 l.174 
1('85 1,180 

1 SBC 1, 185 
:9g7 1, 19~ 
rnim 1, ma 
1889 1,201 
1890 1,207 

TDTAt. 30,008 

TABLE 2 
OPERATIONAL PL.AN '8' 

ESTIMATED ANNUAL AMOUNTS OF WATER DEMAND AND WATER SUPPLY 
!N THE COASTAL PLAIN OF L.OS ANGELES COUNTY FROM 1963 THROUGH 1990 

2 3 4 

. . , Tot.al wat.e1· 
1n,F3Ct~on Spf0;::ding 

d<'rnand 
den~B1nd dernar:d 1 ~ 2, 3 

7 
14 
l7 

42 
45 

5D 
5() 

50 
52 
51 
50 
50 

51 
51 
52 
52 
53 

53 
53 
54 
54 
54 

54 
55 
55 
55 

1,343 

58 
37 
rn 
22 
21 
20 
19 
rn 
17 
1l 
17 
17 
17 

= 7 

'! 5 

SD 
923 
927 
976 
98il 

1,()34 
1,041 
1,06() 

1,075 
1,09:1 
1, 108 
1, 124 
1, 140 

1~157 
1, 173 
1, 19() 
1,205 
1,222 

1,227 
1,233 
1 ,239 
1,244 
1,248 

1,254 
1,261 
1,266 
1,271 
1,281 

31,888 

IN 1,000 ACRE-FEET PER YEAR 
5 6 7 8 9 10 11 12 13 

!rnport~ 

by 
t.ADWP 

I mpo <t ___ .. lTPM! By Met'o" _..,W;..;'a"-'1"'0"-r __ ""D'""i"'"st"'._Reclaimed Ground Total w;~r,m 
fr nm ~;of'::'t::r. fil:e~ fih::e~· r.av._, waste wati:::r supply 

5,G .. V. dornes, domes. iniect~ spreed wat·er exH'action 5 to 12 

Hl7 
1il7 
178 

168 
158 
148 
138 
128 

12il 
128 
127 
127 
127 

i27 
127 
126 
126 
126 

126 
126 
126 
127 

127 
127 
127 
127 
12! 

10 
1D 
1D 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

iO 
10 
10 
10 
10 

10 
10 
1D 
10 
10 

292 
308 
327 

318 
308 
298 
288 
283 

270 
262 
253 
244 
236 

229 
.222 
214 
207 
201 

194 
188 

178 
175 

168 
164 
160 
157 
154 

36 
66 
M 

131 
170 
208 
247 
2il0 

308 
338 
368 
393 
417 

440 
41$4 
488 
511 
533 

546 
557 
668 
678 
686 

598 
608 
617 
625 
633 

3,837 280 8,48() 11,408 

TABLE 3 
OPERATIONAL. PLAN 'C' 

7 
14 
17 

42 
45 
62 
5() 
50 

50 
52 
51 
50 
50 

51 
51 
52 
52 
53 

53 
53 
54 
54 
64 

fi4 
55 
55 
56 
57 

1,343 
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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 COUN1Y FROM 1963 THROUGH 1990 

IN 1,000 ACRE-FEET PER YEAR 
2 3 4 5 6 7 8 9 10 11 12 13 

Appliod !njaction Spreading Total water lmpon 
~· Import lmpon By Mmropoli.rnn Wawr IJistricr ·Re~l"';;im°'ed C~r;;'u~d Tomi wern• 

YEAA water demand b•y from softer; fi l!M filter raw wast a w.cBter supply 
damend demand demand 1. 2. 3 LAIJWP 5,G.V. dnrnes. dcn"1eSn i'1lect. sRre.cBd water eli\.tratcticn 5 to 12 

1963 852 7 58 917 197 I() 292 49 7 45 13 304 917 
1004 872 14 64 950 187 10 308 76 14 51 13 291 950 
1965 $92 13 66 971 17$ 10 327 100 13 53 13 na 972 

1966 912 39 64 1,015 16$ 10 318 137 39 51 13 280 1.016 
1967 932 40 62 1,034 158 10 :me 176 40 49 13 2$1 1.035 
196$ 952 56 61 1,009 148 10 2$8 215 56 48 13 282 1,070 
1969 972 43 60 1.075 138 10 288 253 43 47 13 283 rJJ75 
1970 992 43 59 1,094 128 10 283 288 43 46 13 283 1,094 

1971 1,008 43 58 1,109 12$ 10 270 317 43 45 13 284 1,110 
1972 1,024 43 57 l, 124 128 10 262 344 43 44 13 281 I, 125 
1973 1.(~tQ 42 56 1, 138 127 10 253 372 42 43 13 278 1,138 
Hl74 1,057 42 56 1,155 127 10 244 397 42 43 13 278 1,154 
1975 1,073 41 55 l, 169 127 10 236 421 41 42 13 278 1,168 

H!76 1,089 41 54 1.184 127 10 229 444 41 41 13 278 1,1$3 
1977 l ,105 41 54 1,200 127 10 222 458 41 41 13 278 1,200 
197$ l, 121 41 53 1,215 125 10 214 492 41 40 13 278 1,214 
1979 1, 137 41 53 1,231 126 10 207 515 41 40 13 278 1,230 
1980 1,153 41 53 1,247 125 10 201 537 41 40 13 278 1,246 

1981 1,158 41 52 16251 126 10 194 550 41 39 13 278 1,251 
1982 1,164 41 52 1,257 126 10 18$ 561 41 39 13 178 1,256 
1983 1, 169 41 52 1,262 126 10 182 572 41 39 13 278 1,261 
1984 1, 114 41 52 1,267 126 10 178 582 41 39 13 178 1,267 
1985 1,1$0 41 52 1,273 127 10 175 590 41 39 13 278 1,273 

1986 l, 185 41 51 1,277 127 10 16$ 602 41 38 13 278 1.277 
1987 1, 191 41 51 1,283 127 10 164 612 41 38 13 278 1,283 
1988 l,196 41 51 1,288 127 10 160 621 41 38 13 27$ 1.288 
1989 1,201 4·1 51 1,299 127 10 157 629 4l 38 13 278 1;293 
1990 1,207 41 51 1,299 127 10 ...Jj0_ 637 41 38 13 278 1,298 -- ........,,. 
TOTAL 30,008 1,081 1,558 32,647 3,837 280 6,480 11,557 1,081 1, 1$4 364 7,851 32,644 

From S"lletin No, 104~C. &icond Los Ar;Qeles AQueduct not considered as its construction schadule was not definite at tim•~ of stutly. 

In addition, other fixed oost items, such 
as operation cost, profits of water pur
veyors, and costs related to water rights, 
were excluded because they would be the 
same under all plans. 

It was also found in Appendix C that 
water quality degradation and land sub
sidence from ground water level decline 
do not require consideration in the cost 
comparison of alternatives. 

Those items that were .considered in the 
computation of cost of each plan are 
existing and additional facilities, such 
as pumps and wells, whose associated 
costs would be different under different 
al te:rnatives. They were grouped :into 
four categories: surface water facili
ties, ground water facilities, electrical 
energy requirements, and imported water 
supply. For convenience, the costs 

of storage facilities were included in 
those of surface water facilities, and 
both the energy cost and the connected 
load charge for well pumps and boosters 
were in.eluded in the costs of electr:ical 
energy. The unit costs of these facili
ties were based on interest rates of 
4 percent for MWD and 4.S percent for 
SJTu'lller water agencies and on representa
tive life-spans of facilities in the 
Coastal Plain, and were adjusted to the 
1963 cost level by using the Engineering 
News-Record construction cost index. 
Costs of imported water supplies to the 
Coastal Plain were predicated on the 
cost of delivery, which includes the 
capital, maintenance, and operation 
costs for the water imported by the Cit;Jr 
of Los Angeles (from the Ch·mns River
Mono Basin) <md by the City of W1tlttier 
from San Gabriel Valley, and also on 
the Drices that may ];le chan@Q by 1'1WD 
to water agencies for the various types 
of raw and treated water sold by it. 

-21-



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* 

Plan number 

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

WATER DEMAND 

Applied water demand 30,010 30,010 30,010 30,010 

Injection demand 2,670 1,340 1,020 1,080 

Spreading demand 560 540 630 i ,560 

TOTAL WATER DEMAND 33,240 31 ,890 31,660 32,650 

WATER SUPPLY 

Import by Los Angeles Department of Water & Power 3,840 3,840 3,840 3,840 

Import from San Gabriel Valley 280 280 280 280 

Import by Metropolitan Water District 

Softened industrial and domestic 6,410 6,480 6,480 6,480 

Filtered industrial and domestic 6,990 i 1,420 12,770 11,560 

Filtered injection water 2,670 1,340 1,020 1,090 

Raw spread water 200 170 270 i '190 

Reclaimed waste water 360 360 360 360 

Ground water extraction 12,490 8,000 6,640 7,850 

TOTAL WATER SUPPLY 33,240 31,890 31,660 32,650 

• From Bulletin No. 104-C. Second Los Angeles Aqueduct not considered as its 

construction schedule was not definite at time of study. 
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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 Plain. These costs would be 
incurred at different times under dif
ferent plans of operation. The economic 
effect of incurr:L."1g 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 ex:pendi ture--to the common 
denominator of present worth. 

Present Worth 

Present worth of the total cost of water 
service under each plan of operation ma.y 
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 would 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. 'fne cost depends 
chiefly on the future pricing policies 
of MWD from which the Coastal Plain pm'
chases imported water. 

To understand the importance o.f the MWD 
pri.cing 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 truces 
(ad valorem truces); and users and truc
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 facili.ties is now 
borne by an ad valorem true. 

In addition., the present pricing policy 
prov:Ldes different prices for water used 
for agricultural and ground water replen
ishment purposes and for water used .for 
domestic and i.."1dustrial purposes. 

TABLE 6 

Category 

Present worth of costs 
from 1003 to 1990 

Present worth of costs 

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

LOS ANGELES COUNTY 

Plan A Plan B Plan C 

$ 902,000,000 $ 958 '000 '000 $ 972,000,000 

412,000,000 400,000,000 405' 000, 000 
from 1991 to perpetuity 

TOTAL $1,314,000,000 $1,358,000,000 $1,377,000,000 
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Plan D 

$ 956, 000, 000 

397 '000' 000 

$1,353,000,000 
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I 
fbwever, M1'm has not announced a long-
tmge policy; therefore, to get /a long
fnge economic evaluation .of al ter:nati ves, 
tsumptions were made regarding MWD pricing 
fili_fferentials and ad valorem taxes. 
t: 

~other significant factor aff ect:ing the 
l1i t price of MWD water is the energy 
~st of pumping water from the State 
~ter Project over the Tehachapi 
J>untains. In recent years, the estimated 
i:ist o:f energy for pumping imported water 
@,s decreased. To facilitate the evalua
lon of the economics of the alternative 
Jans under changing conditions with respect 
~ pricing policies and energy costs, nomo
taphs were developed and presented in 
~pendix C. One o:f them is given here as 
~1 ex3mple. (See Figure 13.) 

I 
llili:ng the nomograph, the present worth of 
tst of water service for Plans A, B, c, 
t'ld D was deter.mined under the assumption 
~at the present mm pricing policy would 
~ followed in the future. Table 6 shows 
te result of this determination. The ad 
~orem tax has been included in this 
fble. 

I 
~· evaluating this table, it must be re-
~mbered that the table is for the entire 
"1··· astal Plain of Los Angeles County-. To 

·.·· tain the economic information for indi-
······ dual water agencies such as Central 
~d West Basin Water Replenishment 
~strict, supplemental analyses will be 
Jquireda 

~ 
J 

r Plan D, i:f surplus water from the State 
ter Project could be purchased from mm 

a smaller price than indicated in the 
1 s pricing schedule, proper adjustment 

lould be made to the present worth of the 
st of water service under the plan. 

evaluating these curves, a question :may 
.. ise as to the differences :in the values 

ground water remaining in storage in 
90 under Plans A, B, c, a~d D. 

to perpetuityJ although from different depths. 
There:f ore, the comparative values of ground 
water :Ln storage for the alternative plans 
would be the differences between the present 
worth of total future costs for these plrms 
: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 ne.xt 
imported water project equals the total 
cost of the least expensive alternative 
supply -- ground water·' converted salt 
water, a.nd recla:i.med waste water. In 
setting this timing, consideration should 
be given to ascertaining that mi 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. 

CONCLUDING REMARKS 

An :important finding that has evolved from 
this investigation is that the most eco
nomically significant factors in the 
Coastal Pla:inis 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 tmavoidable 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 fa made. Appendixes A, 

the ground water basin will B, and C to this bulletin provide data and 
quantity of water from 1991 procedures for such considerations. 
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